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Abstract

Background: Students’ mental health crisis was recognized before the COVID-19 pandemic. Mindfulness virtual community
(MVC), an 8-week web-based mindfulness and cognitive behavioral therapy program, has proven to be an effective web-based
program to reduce symptoms of depression, anxiety, and stress. Predicting the success of MV C before a student enrolls in the
program is essential to advise students accordingly.

Objective:  The objectives of this study were to investigate (1) whether we can predict MVC's effectiveness using
sociodemographic and self-reported features and (2) whether exposure to mindfulness videos is highly predictive of the
intervention’s success.

Methods: Machine learning models were developed to predict MV C's effectiveness, defined as success in reducing symptoms
of depression, anxiety, and stress as measured using the Patient Health Questionnaire-9 (PHQ-9), the Beck Anxiety Inventory
(BAI), and the Perceived Stress Scale (PSS), to at least the minimal clinically important difference. A data set representing a
sample of undergraduate students (N=209) who took the MV C intervention between fall 2017 and fall 2018 was used for this
secondary analysis. Random forest was used to measure the features’ importance.

Results: Gradient boosting achieved the best performance both in terms of area under the curve (AUC) and accuracy for
predicting PHQ-9 (AUC=0.85 and accuracy=0.83) and PSS (AUC=1 and accuracy=1), and random forest had the best performance
for predicting BAl (AUC=0.93 and accuracy=0.93). Exposure to online mindfulness videos was the most important predictor for
the intervention’s effectiveness for PHQ-9, BAI, and PSS, followed by the number of working hours per week.

Conclusions: The performance of the models to predict MV C intervention effectiveness for depression, anxiety, and stressis
high. These models might be helpful for professionals to advise students early enough on taking the intervention or choosing
other alternatives. The students' exposure to online mindfulness videos is the most important predictor for the effectiveness of
the MV C intervention.

Trial Registration: ISRCTN Registry ISRCTN12249616; https://www.isrctn.com/| SRCTN12249616

(Interact J Med Res 2024;13:€50982) doi:10.2196/50982
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Introduction

Students’ mental health crises were recognized before the
COVID-19 pandemic and deepened during the pandemic.
University students are experiencing an increase in
psychological distresson North American campuses. A student
survey of 32 Canadian postsecondary institutions reported high
anxiety (56.5%), hopel essness (54%), serioudly depressed mood
(37.5%), and overwhelming anger (42%) [1]. A similar survey
in 2016 revealed higher distress levels [2]. In 2013, a study of
997 students at York University (site of this study) indicated
that 57% reported depression scores sufficient for diagnosable
clinical depression, while 33% reported anxiety scoresin ranges
typically indicative of panic disorder and generalized anxiety
disorder [3]. The situation appears similar at universitiesin the
United States [4,5] and worldwide; in 2018, the World Health
Organization reported increasing mental disorders in college
and university studentsworldwide[6]. Mental health challenges
among university students demand attention. Thisisavulnerable
period, as 70% of mental health problems emerge before the
age of 25 years. Without intervention, these problems can
worsen and hinder students’ personal and academic success[7].
COVID-19 has negatively impacted university students’ mental
health [8-10].

University student distress is both an individual and societal
challenge. Losses in productivity during the study and at work
dueto distress and mental disordersare associated with indirect
but significant economic burdens[11]. Canadian estimates show
that mental disorders cost nearly US $37 hillion yearly, with
9.8% due to direct medical costs, 16.6% and 18.2% due to
long-term loss and short-term work | oss, respectively, and 55.4%
due to the loss of healthy function (ie, loss of the utilities of
vision, hearing, speech, mobility, dexterity, emotion, cognition,
and pain asassessed in the Health UtilitiesIndex Mark 3 system)
[12].

While mental distressand disorder are becoming more prevalent
in students, the counseling offered in colleges and universities
needs to catch up with demand. For example, from 2007 to
2012, full-time enrollment in the Ontario college system
increased from 167,000 to 210,600 (a 26% increase), while the
number of counsel ors employed in the college system increased
from 146 to 152.7 (a 4.6% increase) [13]. This discrepancy
|eaves students underserved and counsel ors overwhel med amid
the increasing distress [14].

Mindfulness-based interventions have been demonstrated to
positively impact psychological and physical health [15-17],
with multiple meta-analyses demonstrating positive impactsin
clinical and nonclinical populations [18-22]. However, with
large numbers of students (50,000 to 60,000 on some campuses),
there may not be enough trained personnel to convey helpful
mindfulness-based practices directly. Instead, in the eHealth
domain, virtual communities (VCs) [23], that is, online
communities, have been used in health care to provide
e-education tools and online support to empower active
participants in health enhancement [24-26]. VCs can scale up
mindfulness interventions at lower costs to a broader range of
students, especially those restricted from attending clinics due
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to time-place discontinuities. VCs preserve anonymity (with
reduced stigmatization) while promoting voluntary, supportive,
interpersonal connections.

We developed a web-delivered mindfulness program
(mindfulness virtual community [MV C]) to reduce symptoms
of depression, anxiety, and stress in university students and
conducted a randomized controlled trial (RCT) targeting
university students at a Canadian university to examine its
effectiveness. Following a successful RCT [26-29], we wanted
in this secondary analysis (1) to develop a machine learning
(ML) model to predict the effectiveness of the online
mindfulness intervention on mental health outcomes using
sociodemographic and self-reported features and (2) to
investigate if exposure to mindfulness videos was highly
predictive of the intervention’s success.

Methods

Prediction Problem

This study aims to predict the effectiveness (ie, success vs
nonsuccess) of the online mindfulness intervention on mental
health outcomes; as such, this is a retrospective prognostic
analysis of a classification problem per individua (ie,
participants in the MV C mindfulness intervention).

Data Set Source

This is a retrospective analysis, where we analyzed an
anonymized data set. The data were deidentified, and consent
was obtained during the RCT; no further consent was sought
for this secondary data analysis since nonidentifiable datawere
used. The data set was collected viaan RCT described in detail
elsewhere [28]. The parent study design consisted of a 2-arm
parallel-design RCT, comparing a group assigned to the
web-based MVC program to a waitlist control group.
Participants in the study were students who were at least 18
years of age, reported English language fluency, self-reported
high confidence in completing the study, and actively enrolled
in an undergraduate program. This paper is based on the MVC
intervention samplerecruited in fall 2017, winter 2017, and fall
2018. The MV C intervention was an 8-week program and was
comprised of three components: (1) 12 onlinevideosfor mental
health education; (2) 3 anonymous discussion boards on
depression, anxiety, and stress; and (3) anonymous, 20-minute
group-based live videoconferences led by a mental health
professional with training in mindfulness during which students
could raise questions related to mindfulness (Figure 1).

Each of the 12 mental health modules consisted of 1 educational
content video and 1 mindful ness practice video recorded in both
male and female voices and offered in both high and low
resolution (atotal of 8 videos per module); participants could
choosethetype of video they wanted to watch for each module.
The videos were available for participants 24 hours a day to
watch or listen to on computers, phones, or tablets at their
convenience. The module scripts and audio recordings were
created by one of the investigators with extensive experience
asaclinical psychologist and researcher in mindfulness. They
were based on mindfulness and cognitive behavioral therapy
principles and informed by the prior student-based focus group
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study [30,31]—the choice of moving and still images used in
creating the videos involved collaborative work. The topics of
the 12 modules included the following: overcoming stress,
anxiety, and depression; mindfulness and being a student;
mindfulness for better leep; thriving in afast-changing world;
healthy intimacy; destigmatization; no more procrastination;
pain reduction and mindfulness; healthy body image; healthier
eating; overcoming trauma; and relationships with family and
friends.

Figure 1. The mindfulness virtual community design.

Mindfulness virtual community

20 minutes
video
conferencing
+
text-based
chatting

12 Mindfulness modules

Module 1
education
video

Module 12
education
video

-
mindfulness
practice video

+
mindfulness
practice video

Ethical Consider ations

The previous study received ethics approval from the Human
Participant Research Committee (certificate €2016-345) of the
York University. This ML study received ethics approva from
the same committee (certificate €2023-012); the approval covers
secondary analysis without additional consent. Participantsin
the original study had the option to receive an honorarium of
CAD $50(US$37.5) or 2% in course grade (for professorswho
gave this permission) or 3 credits (equivalent to 2% course
grade) in the Undergraduate Research Participation Pool of the
Department of Psychology. The participants data were
anonymized.

Participants

We aimed to build a model to predict who will likely benefit
from the intervention, unlike the RCT study, where overall
intervention effectiveness was determined (and supported by
analysis) by comparing intervention and control groups. That
is why we have analyzed intervention group data only to
understand individual differencesin responseto theintervention.

Data Preparation

The data set consisted of 209 students who took the MVC
intervention during fall 2017, winter 2018, and fall 2018. The
effectiveness of the intervention was determined using the
minimal clinically important difference (MCID), that is, the
level of reduction in symptoms that psychologists consider
clinically meaningful, for each of the mental health outcomes.

hittps:/Www.i-jmr.org/2024/1/650982
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The primary RCT outcomes were depression, anxiety, and
perceived stress, following hypotheses that symptom scoresfor
depression, anxiety, and stress at T2 (after 8 weeks) would be
significantly better in the MV C group when compared with the
waitlist control group. The outcomes were measured with the
following validated scales: Patient Health Questionnaire-9
(PHQ-9) [32], Beck Anxiety Inventory (BAI) [33], and
Perceived Stress Scale (PSS) [34]. The secondary aim was to
assesstheimpact of 3 elements of the MV C intervention on the
outcomes. Participants also completed a sociodemographic
questionnaire section at the T1 (baseline) survey.

o Administrative
Peer to peer communities —

We adopted evidence from psychology that determines the
MCID to be a 5-point reduction in PHQ-9 for depression
[35,36], an 8.8-point reduction in BAI for anxiety [30,31], and
an 11-point reduction in PSS for stress [37,38]. Any reduction
equal to or above the MCID was labeled an effective
intervention (label=1); otherwise, it was deemed ineffective
(Iabel=0).

To build agood prediction model from thetraining set, the data
must be balanced. The class labels of the target variables,
PHQ-9, BAI, and PSS, used in this study were not balanced. In
our case, the percentage of instanceswith label=1 was extremely
low: 50 (23%) for PHQ-9, 48 (24%) for BAI, and 8 (3.8%) for
PSS, leading to a substantial imbalance. To aleviate the
imbalanced data, we applied an oversampling method using the
sklearn.resamplefunction availablein Python (version 3; Python
Software Foundation).

Depression

forum

Missing Data

Missing data in the outcomes were 12 (5.7%) for BAI and
PHQ-9 and 13 (6.2%) for PSS of the 209 records. Missing data
for the outcomes were dropped from the data set. There were
no missing values in the predictors.

L abelsand Features

The outcome variables were the 3 MCIDs associated with
PHQ-9, BAI, and PSS being met or not for each instance. To
investigate whether we can predict MV C's effectiveness using
sociodemographic and self-reported features, the following
features were used: sex (male and female), country of birth
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(Canadaand other), first language (English and other), education
level (bachelor degree and other), ethnicity (White and
non-White), marital status (married and other), age, number of
weekly working hours, and self-rated health (poor, fair, good,
very good, and excellent). To investigate the importance of
exposure to mindfulness videos, in comparison with these
features, in the prediction of intervention success, we added the
total number of mindfulness videos watched to the previous
data set.

Algorithms

Seven different classification algorithms, representing different
learning paradigms, were used in this study: logistic regression
(LR), support vector machine (SVM), random forest (RF),
decisiontree (DT), k-nearest neighbor (KNN), adaptive boosting
(AdaBoost), and gradient boosting that showed good
performance in previous studies that targeted depression,
anxiety, and stress [35,39,40]. The implementations of the
classification algorithms provided in the scikit-learn ML library
[41] were used. The data set was split into 80% for training and
20% for testing. Hyperparameter tuning for each algorithm was
performed using a grid search over a 10-fold cross-validation

https://www.i-jmr.org/2024/1/€50982
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on the training data set. The optimal hyperparameters for the
classification algorithms and their valuesfor the data set without
exposure to videos and the data set with exposure to videos are
presented in Tables 1 and 2, respectively.

Each classifier's performance was compared with the best
overal performance, leading to the selection of the best
prediction model for the psychological outcomes. The
classifiers performances were assessed based on several
evaluation metrics, including the percentage of correctly
classified instances or the accuracy, sensitivity, specificity, and
area under the curve (AUC) of the receiver operating
characteristic curve. The best performance, as measured by the
AUC score, was chosen for each algorithm.

To evaluate the features importance in predicting intervention
success, the data set with the total exposure to mindfulness
videos was used to build predictive models. The RF algorithm
was used to measure the features importance. The
hyperparameters used for the classification algorithms and their
values that provided the optimal model are presented in Table
2.
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Table 1. Algorithms and their corresponding optimal hyperparameters found by grid search (data set without videos).

Algorithm

Parameters

Logistic regression

PHQ-92 C=1, penalty=11, solver=liblinear
BAIP C=1, penalty=11, solver=liblinear
ps<t C=1, penaty=I1, solver=liblinear

Support vector machine

PHQ-9 C=10, y=0.1, kernel=rbf
BAI C=10, y=0.1, kernel=rbf
PSS C=10, y=0.1, kernel=rbf
Random forest
PHQ-9 Max_features=auto, n_estimators=500, max_depth=8, criterion=entropy
BAI Max_features=auto, n_estimators=500, max_depth=8, criterion=gini
PSS Max_features=auto, n_estimators=500, max_depth=8, criterion=gini
Decision tree
PHQ-9 Max_leaf_nodes=59, random_state=42, min_samples_split=2, criterion=entropy
BAI Max_leaf_nodes=56, random_state=42, min_samples_split=2, criterion=entropy
PSS Max_leaf_nodes=16, random_state=42, min_samples_split=2, criterion=entropy

K-nearest neighbor

PHQ-9 N_neighbors=2, weight=distance, leaf size=27, P=1
BAI N_neighbors=2, weight=distance, leaf size=1, P=1
PSS N_neighbors=1, weight=dniform, leaf size=1, P=1

Adaptive boosting

PHQ-9 n-estimators=5000, max_depth=3, learning rate=0.5
BAI n-estimators=5000, max_depth=3, learning rate=0.9
PSS n-estimators=500, max_depth=3, learning rate=0.9

Gradient boosting

PHQ-9 Learning rate=0.05, max depth=6, n-estimators=100, subsample=0.9, max_features=none, min_sam-
ples_split=2

BAI Learning rate=0.02, max depth=10, n-estimators=1000, subsample=1.0, max_features=none, min_sam-
ples_split=2

PSS Learning rate=0.01, max depth=6, n-estimators=1000, subsample=0.9, max_features=sgrt, min_sam-

ples_split=2

3PHQ-9: Patient Health Questionnaire-9.
bBAI: Beck Anxiety Inventory.
°PSS: Perceived Stress Scale.
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Table 2. Algorithms and their corresponding optimal hyperparameters found by grid search (data set with exposure to videos).

Algorithm

Parameters

Logistic regression

PHQ-92 C=1, penalty=11, solver=liblinear
BAIP C=0.1, penalty=12, solver=newton-cg
ps<t C=100, penaty=12, solver=Ibfgs

Support vector machine

PHQ-9 C=10, y=0.01, kernel=rbf
BAI C=1, y=1, kernel=rbf
PSS C=1, y=1, kernel=rbf
Random forest
PHQ-9 Max_features=auto, n_estimators=500, max_depth=7, criterion=entropy
BAI Max_features=auto, n_estimators=200, max_depth=8, criterion=gini
PSS Max_features=auto, n_estimators=500, max_depth=8, criterion=gini
Decision tree
PHQ-9 Max_leaf_nodes=39, random_state=42, min_samples_split=2, criterion=entropy
BAI Max_leaf_nodes=53, random_state=42, min_samples_split=3, criterion=gini
PSS Max_leaf_nodes=16, random_state=42, min_samples_split=2, criterion=gini

K-nearest neighbor

PHQ-9 N_neighbors=1, weight=uniform, leaf size=14, P=1
BAI N_neighbors=2, weight=distance, leaf size=1, P=1
PSS N_neighbors=2, weight=uniform, leaf size=1, P=1

Adaptive boosting

PHQ-9 n-estimators=500, max_depth=3, learning rate=0.5
BAI n-estimators=500, max_depth=3, learning rate=0.7
PSS n-estimators=2000, max_depth=3, learning rate=0.7

Gradient boosting

PHQ-9 Learning rate=0.5, max depth=50, n-estimators=50, subsample=0.9, max_features=sgrt, min_sam-
ples_split=2

BAI Learning rate=0.04, max depth=10, n-estimators=1000, subsample=0.5, max_features=none, min_sam-
ples_split=2

PSS Learning rate=0.03, max depth=8, n-estimators=1000, subsample=0.5, max_features=none, min_sam-

ples_split=2

3PHQ-9: Patient Health Questionnaire-9.
bBAI: Beck Anxiety Inventory.
°PSS: Perceived Stress Scale.

(n=17) were married, and 21.1% (n=44) were White. Most

Results participants were born in Canada, and English was their first
Demogr aphics language. The median (IQR) of age, work hours per week, and

) o o thetotal number of mindfulnessvideoswatched were 21 (19-23)
Table3 _presentsthe demographic characteristics of participants years, 10 (0-18), and 16 (9-30), respectively.
at baseline. Of 209 students, 73.2% (n=153) werefemale, 8.1%
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Table 3. Characteristics of participants at baseline (N=209).
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Characteristics Values
Sex, n (%)

Male 56 (26.8)

Female 153 (73.2)
Marital status, n (%)

Married 17 (8.1)

Other 192 (91.9)
Ethnicity, n (%)

White 44 (21.1)

Non-White 165 (78.9)
Language, n (%)

English 136 (65.1)

Other 73(34.9)
Country of birth, n (%)

Canada 119 (56.9)

Other 90 (43.1)
Education, n (%)

High school diploma or General Education Development or college degree or certificate program 182 (87.1)

Bachelor degree 27 (12.9)
Self-reported general health, n (%)

Poor or fair 43 (20.6)

Good or very good or excellent 166 (79.4)
Age (years), median (IQR) 21 (19-23)
Average number of hours at work per week, median (IQR) 10 (0-18)
Total number of mindfulness videos watched, median (IQR) 16 (9-30)

Objective 1: Predicting MV C’s Effectiveness Using
Sociodemogr aphic and Self-Reported Features

Table 4 summarizes the evaluated models performances:
sensitivity, specificity, accuracy, and AUC, using 10-fold
cross-validation.

Theresults showed that both gradient boosting (AUC=0.85 and
accuracy=0.83) and DT (AUC=0.84 and accuracy=0.81) are
dightly better compared to AdaBoost and KNN (AUC=0.82
and accuracy=0.80) as well as SVM (AUC=0.81 and
accuracy=0.80) and outperformed the remaining classification
algorithms for predicting a clinically significant reduction in
PHQ-9. The best classifiersfor predicting aclinically significant
reduction in BAI were RF (AUC=0.93 and accuracy=0.93),
followed by AdaBoost (AUC=0.92 and accuracy=0.92) and
gradient boosting (AUC=0.87 and accuracy=0.87), which
outperformed the remaining classifiers. Two classifiers, gradient
boosting and DT, gained the perfect accuracy and AUC (AUC=1
and accuracy=1) for predicting aclinically significant reduction
in PSS, followed by the near-perfect scores for SVM and
AdaBoost (AUC=0.99 and accuracy=0.99). Meanwhile, LR had
the lowest performance for PHQ-9, BAI, and PSS in terms of

https://www.i-jmr.org/2024/1/€50982

AUC (0.64, 0.75, and 0.73, respectively) and accuracy (0.66,
0.75, and 0.73, respectively).

Theresultswere closeto those found in the model s built without
video exposure. Gradient boosting (AUC=0.89 and
accuracy=0.88) wasthe best predictor for asignificant reduction
in PHQ-9, followed closely by AdaBoost and DT (AUC=0.84
and accuracy=0.81), which outperformed the remaining
classification algorithms. The best classifiers for predicting a
clinicaly significant reductionin BAl were AdaBoost and SVM
(AUC=0.93 and accuracy=0.93), followed closely by gradient
boosting (AUC=0.91 and accuracy=0.92) and RF (AUC=0.90
and accuracy=0.90), which outperformed the remaining
classifiers. Four classifiers, gradient boosting, AdaBoost, RF,
and SVM, gained the perfect AUC and accuracy (AUC=1 and
accuracy=1) for predicting a clinically significant reduction in
PSS, followed by the near-perfect score for KNN (AUC=0.99
and accuracy=0.99) and DT (AUC=0.97 and accuracy=0.97).
Meanwhile, LR had the lowest performance for PHQ-9, BAI,
and PSS in terms of AUC (0.62, 0.60, and 0.79, respectively)
and accuracy (0.63, 0.60, and 0.80, respectively).

Using the second data set (ie, enriched with the exposure to
videos), RF was used to detect features importance in relation
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to the 3 outcomes. The most predictive feature for the PHQ-9,
BAI, and PSSwasthetotal exposure to the mindfulnessvideos,
followed by the average number of working hours per week

and age for PHQ-9 and BAIl. In contrast, age and the average
number of working hours per week were the second and third
most important predictors for PSS, respectively.

Table 4. Classification report of the machine learning algorithms for outcomes.

Algorithm AUC? Accuracy Sensitivity Specificity
Logistic regression

PHO-o 0.64 0.66 057 0.72

BAIC 0.75 0.75 0.75 0.75

pssd 0.73 0.73 0.73 0.74
Support vector machine

PHQ-9 0.81 0.80 0.90 0.75

BAI 0.77 0.77 0.79 0.75

PSS 0.96 0.96 1.0 0.91
Random forest

PHQ-9 0.78 0.76 0.87 0.69

BAI 0.93 0.93 0.86 1.0

PSS 0.99 0.99 1.0 0.97
Decision tree

PHQ-9 0.84 0.81 0.96 0.72

BAI 0.84 0.83 0.93 0.75

PSS 1.0 10 1.0 1.0
K-nearest neighbor

PHQ-9 0.82 0.80 0.91 0.72

BAI 0.78 0.78 0.68 0.88

PSS 0.96 0.96 1.0 0.91
Adaptive boosting

PHQ-9 0.82 0.80 0.91 0.72

BAI 0.92 0.92 0.89 0.94

PSS 0.99 0.99 1.0 0.97
Gradient boosting

PHQ-9 0.85 0.83 0.91 0.78

BAI 0.87 0.87 0.86 0.88

PSS 1.0 1.0 1.0 1.0

8AUC: area under the curve.

PPHQ-9: Patient Health Questionnaire-9.
°BAI: Beck Anxiety Inventory.

9dpss: Perceived Stress Scale.

Objective 2: Importance of Exposureto Mindfulness
Videosin Comparison With Sociodemographics and
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Self-Reported Featuresin Predicting I ntervention
Success
After the introduction of the total exposure to the mindfulness

videos to the data set, new predictive models were built (Table
5).
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Table5. Classification report of the machine learning algorithms for outcomes (data set with exposure to videos).

Algorithm AUC? Accuracy Sensitivity Specificity
Logistic regression

PHQ-9P 0.62 0.63 057 0.67

BAIC 0.60 0.60 0.61 0.59

ps<d 0.79 0.80 0.85 0.74
Support vector machine

PHQ-9 0.78 0.75 0.96 0.61

BAI 0.93 0.93 0.86 1.00

PSS 1.00 1.00 1.00 1.00
Random forest

PHQ-9 0.84 0.83 0.87 0.81

BAI 0.90 0.90 0.86 0.94

PSS 1.00 1.00 1.00 1.00
Decision tree

PHQ-9 0.84 0.81 0.96 0.72

BAI 0.80 0.80 0.86 0.75

PSS 0.97 0.97 1.00 0.94
K-nearest neighbor

PHQ-9 0.81 0.78 0.96 0.67

BAI 0.84 0.83 0.89 0.78

PSS 0.99 0.99 1.00 0.97
Adaptive boosting

PHQ-9 0.84 0.81 0.96 0.72

BAI 0.93 0.93 0.89 0.97

PSS 1.00 1.00 1.00 1.00
Gradient boosting

PHQ-9 0.89 0.88 0.96 0.83

BAI 0.91 0.92 0.86 0.97

PSS 1.00 1.00 1.00 1.00

8AUC: area under the curve.

bPHQ-9: Patient Health Questionnaire-9.
°BAI: Beck Anxiety Inventory.

dpss: Perceived Stress Scale.

Discussion

Principal Results

The study investigated the predictability of the effectiveness of
an MVC designed for undergraduate students to reduce
symptoms of depression, anxiety, and stress as measured by
PHQ-9, BAI, and PSS. The effectiveness was measured by the
MCID for PHQ-9, BAI, and SPSS. Severa agorithms were
used to predict the MCID.
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Predicting I ntervention Success With
Sociodemogr aphic and Self-Reported M easures

We successfully built ML-based models that predicted the
effectiveness of the MV C intervention. The highest AUC was
achieved for gradient boosting to predict the intervention
effectiveness for PHQ-9 and PSS (AUC=0.85 and AUC=1,
respectively), followed closely by DT (AUC=0.84 and AUC=1,
respectively) and AdaBoost (AUC=0.82 and AUC=0.99,
respectively). The RF model had the highest AUC to predict
BAI (AUC=0.93), followed closely by AdaBoost (AUC=0.92).
AdaBoost might be the algorithm of choice for the 3 outcomes,
asitisfairing aclose second best for BAl and a closethird best
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for PHQ-9 and PSS. Gradient boosting and AdaBoost are both
good choices to predict the intervention success for the 3
outcomes. It might be argued that AdaBoost might be preferable,
given that it is usually less prone to overfitting than gradient
boosting; however, there is no need to use the same algorithm
to build the 3 predictors for the 3 outcomes.

We could not make a direct comparison with other studies that
measured the 3 outcomes among university students using the
same validated scales (PHQ-9, BAI, and SPSS). However, for
PHQ-9, the performance of our model is higher than the one
found in a previous study among adults in Korea using the
Center for Epidemiologic Studies—Depression Scale 11
(AUC=0.87 and accuracy=0.86) [40] as well as the one found
in a study in the United States that defined the success of the
intervention as a 5-point reduction in PHQ-9 or a 4-point
reduction in the General Anxiety Disorder screener-7 values
(AUC=0.60 and accuracy=0.71) [35]. Regarding anxiety, the
predictive model developed in this study had a higher
performance (accuracy=0.92) than another study that used the
Self-Rating Anxiety Scale, which did not report AUC but
reported an accuracy of 0.84.

Feature Importance

Exposure to mindful ness videos was the most important factor
in predicting the intervention's success. This study has
demonstrated a link between the MV C intervention’s success
and exposure to mindfulnessvideos. It also confirmstheresults
of the previous MV C pilot study that proved that exposure to
mindfulness videos aone, without interaction between
participants viaan online discussion forum and without weekly
videoconferencing with acoach, effectively reduced symptoms
of depression, anxiety, and stress [26]. In other words, it
indicates the ability of MV C to be deployed at a large scale
without an increase in human resources. Scalability isacritical
factor for eHealth intervention deployment in large popul ations.
Thisfinding suggeststhat scaling up an effective e-mental health
MVC is possible in a cost-effective manner; scalability is one
of the recognized failures in eHealth implementations [42].

Practical and Policy I mplications

The MV C intervention does not provide clinical support; it is
a platform that offers self-management of mental health
symptoms (depression, anxiety, and stress). The MVC
intervention proved to be effective [26-28] in reducing
symptoms of depression, anxiety, and stress in university
students. This study builds a predictive model that predicts
i ntervention success using sociodemographic and self-reported
measures; this will allow counseling services on university
campuses to assess the usefulness of MVC for a particular
student before taking the intervention and advise them
accordingly to use MVC or to opt for another type of
intervention. Thiswill enable counseling servicesto personalize
the advice to students’ profiles and allow students to manage
their symptoms with the most appropriate intervention.

El Morr et a

The other finding related to videos being the most important
factor in predicting intervention success confirms the ability of
MVC to be deployed at a large scale without an increase in
human resources. The number of working hours is another
important predictor of the success of theintervention. Although
the provincial governments in Canada support university
education, students must pay for their education and bear the
cost of living. Not surprisingly, they work long hours, especially
if they belong to amarginalized community. Our findings aign
with other studiesthat suggest that longer working hours outside
the university and difficulty paying bills were recognized as
predictors of poor mental health among students[43]. In Ontario,
where the sample was taken, Statistics Canadarecently reported
an increased reliance of academic institutions on students’ fees
in higher education to the extent that 54% of all college revenues
in 2019/2020 were downloaded on students, which translates
into an overall decline in public funding [44]. This situation
pushed students to longer working hours; one can argue that
since student debt has been recognized as negatively associated
with mental well-being and academic outcomes [45,46],
providing access to free higher education, supported by taxes
such as in most of Europe, could enhance students mental
well-being as it would relieve them from the need for long
working hours.

Strengths and Limitations

One of the strengths of this study is the ability to predict the
intervention’s success based on a few demographics and one
question about self-rated health. Hence, the predictive model
can be used in real life to indicate the suitability of online
mindfulness intervention for specific individuals and possibly
suggest alternativesif the model predicts noneffectiveness. The
excellent AUC and accuracy measures make the modelssuitable
for implementation and evaluation in rea-life scenarios.
However, the ML models must be monitored continuously if
implemented for daily use (eg, a counseling service) [47,48].

A limitation of this study isthat it relied on research done on 1
site; future research with larger samples with participants from
multiple universities and colleges would better test the
generalizability of resultsasit allows usto test the effectiveness
of the models on external data.

Conclusions

Our results suggest that we can build high-performing models
to predict MVC intervention effectiveness for depression,
anxiety, and stress based on simple sociodemographics and
self-reported features and that exposure to mindfulness videos
is the most important predictor for the effectiveness of the
intervention. Our findings provide evidence that scaling MVC
can be done without additional cost for support and that the
predictive models might be useful for professionals to advise
students early enough on taking the intervention or choosing
other alternatives.
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Abstract

Maintaining user engagement with mobile health (mHealth) apps can be a challenge. Previously, we developed a conceptual
model to optimize patient engagement in mHealth apps by incorporating multiple evidence-based methods, including increasing
health literacy, enhancing technical competence, and improving feelings about participationin clinical trias. Thisviewpoint aims
toreport on aseries of exploratory mini-experiments demonstrating the feasibility of testing our previously published engagement
conceptual model. We collected data from 6 participants using an app that showed a series of educational videos and obtained
additional data via questionnaires to illustrate and pilot the approach. The videos addressed 3 elements shown to relate to
engagement in health care app use: increasing health literacy, enhancing technical competence, and improving positive feelings
about participation in clinical trials. We measured changes in participants knowledge and feelings, collected feedback on the
videos and content, made revisions based on this feedback, and conducted participant reassessments. The findings support the
feasibility of an iterative approach to creating and refining engagement enhancementsin mHealth apps. Systematically identifying
the key evidence-based elements intended to be included in an app’s design and then systematically testing the implantation of
each element separately until asatisfactory level of positiveimpact isachieved isfeasible and should beincorporated into standard
app design. While mHealth apps have shown promise, participants are more likely to drop out than to be retained. This viewpoint
highlights the potential for mHealth researchers to test and refine mHealth apps using approaches to better engage users.

(Interact J Med Res 2024;13:€51974) doi:10.2196/51974

KEYWORDS
adherence; app design; attrition; mHealth; user engagement; user experience; proof-of-concept
to reduce inpatient readmission rates and decrease the length

of hospital stay [10]. mHealth can increase knowledge and
improve confidence and communication with health

Introduction

Smartphones have a global penetration estimated at 3.9 hillion

users[1], enabling mobile health (mHealth) appsto reach even
low-resource areas and underserved populations[2,3]. mHealth
apps have been developed to enable remote participation in
clinical triads [4-7] and provide heath education, health
management, and other uses across the continuum from
prevention through active treatment to palliative care [8].
Decentralized clinical trials using mHealth technol ogies promise
faster participant accrual and ahigher return on investment than
traditional site-based trials[9]. mHealth apps have been shown

https://www.i-jmr.org/2024/1/€51974

professionals[11]. However, while participants readily sign up
for mHealth education and decentralized clinica trial apps,
retention remainsamajor challenge [12-14]. For mHealth apps
to succeed, users must consistently engage with them [15,16].

Engagement in mHealth apps has been conceptualized to include
behavior, cognition, and affective components [17]. However,
measures of patient engagement are underreported and lack
consistency [18,19]. Participants are more likely to drop out
than be retained despite app elements such as feedback,
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reminders, in-app support, gamification, and participant
compensation [20-23].

We developed a conceptua model to optimize patient
engagement based on different phases of the engagement process
[24]. Because digital literacy and anxiety have been shown to
be negatively correlated with engagement [25], we established
an approach to devel op and test the educational components of
our conceptual model to enhance app engagement by increasing
health literacy, enhancing technical competence, and improving
feelings about clinical trials. This Viewpoint aims to report on
a series of exploratory mini-experiments, demonstrating the
feasibility of testing our engagement conceptual model.

How We Conducted the Exploratory
Mini-Experiments

Testing Design
We used a product testing approach rather than the traditional
research evaluation approach. We used a group of existing

Table 1. Schedule of tasks or questionnaires.

Monachelli et d

product testers who are patients or caregivers working for
Medable to rapidly test different iterations of our educational
videos. Questionnaires were used both before and after
participants viewed the videos, and semistructured interviews
were also conducted.

Data Collection

We developed apps to collect specific data from participants
over 1 week’sduration through questionnaires available on their
smartphones before and after exposure to videos, as shown in
Table 1. The videos were based on a review of the literature
defining and studying each of these 3 target areas. hedth
literacy, technical competence, and feelings about participation
in clinical trials [24]. Each concept area was tested separately,
with questionnaires specific to the educational component.

Task or questionnaire Frequency Day 1

Day 2 Day 3 Day 4 Day 5 Day 6

Sign up Once Task 1

Demographics (age, gender, education, Once Task 2
housing, race, ethnicity, location, health

condition, and notification)

Technology competence questions
(TAM3® CANX S worries about pressing

thewrong button and device preference) Task 3¢

N/A

Twice

Technology competencevideo combined  Once
with practice questions (video on how
to answer questions and practice ques-

tions)

Twice N/A

Health literacy questions (BRI EF, own
health knowledge, clinical trial knowl-
edge, and BMI)

Headlth literacy video with knowledge ~ Once N/A
check questions (St. Luke's University

Health Network’s video, “Wellness 101

—How to Improve Your Overall Health”;

knowledge check questions)

Clinical trials question (temperature Twice N/A
scale regarding participant’s feelings
about study participation, Figure S1in

Multimedia Appendix 1)

Clinical trialsvideo (National Institute  Once N/A
of Diabetes and Digestive and Kidney
Diseases video: “Why Should | Join a

Clinical Tria?")
N/A

Study complete Once

N/A N/A N/A N/A

N/AZ

N/A N/A N/A N/A N/A

Task 2¢ N/A

N/A

N/A
N/A

N/A
N/A

N/A

Task 19€ N/A

N/A N/A N/A

Task 1980 Tagk 2¢

N/A N/A N/A N/A

Task 19€

N/A N/A N/A

Task 19€

N/A N/A N/A N/A

Task 19¢€

N/A N/A N/A N/A Task 3

3N/A: not applicable.
bTAM3: Technol ogy Acceptance Model 3.
CCANX: Computer Anxiety.

dSet up with an automated morning reminder: “ You have new tasks available today in the Patient Engagement app!”
©Set-up with an automated 8 pm reminder: “You have uncompleted tasks in the Patient Engagement app. Please finish them before midnight!”

’BRIEF: Brief Health Literacy Screening Tool.
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In addition to collecting data through the questionnaires noted
in Table 1, we conducted individual semistructured interviews
with each participant at the end of the series of user evaluations
using a video conferencing platform. Based on feedback, we
revised specific videos and content and then conducted a second
round of feedback. In this second round, after all the questions
were answered in each section, participants were asked for
immediate feedback with the open-ended question, “What did
you think of thisvideo?’

Recruitment

We used a product testing approach rather than a research
evaluation approach. We recruited 6 individuals from the
Medable Patient Care Network (PCN) who participated in this
product devel opment effort from May 2022 through July 2022.
The PCN is a group of patients and caregivers who provide
insights and user feedback from their perspective for a variety
of apps being developed as products at Medable.

Ethical Considerations

This work was conducted and approved under the the Advarra
IRB (Pro00062352). PCN members were paid an hourly rate
of approximately US $150 by Medablefor their work on behalf
of the network in support of Medable product development
efforts. Informed consent was obtained from all participants.
All data were deidentified.

Assessment and Interventions

Health Literacy

The Brief Health Literacy Screening Tool [26] was selected to
measure change before and after the health literacy intervention
video. This questionnaire has four items that are rated on a
5-point Likert scale from “aways’ to “never”: (1) How often
do you have someone help you read hospital materials? (2) How
often do you have problems learning about your medical
condition because of difficulty understanding written
information? (3) How often do you have a problem
understanding what istold to you about your medical condition?
(4) How confident areyou filling out medical formsby yourself?
Two questions were asked in addition to the Brief Health
Literacy Screening Tool using a 10-point scale: “How much do
you know about your own health,” “How much do you know
about clinical trias,” and 1 true or fal se question: “ Do you know
your body massindex (BMI)?" (Multimedia Appendix 1).

Before showing a video, a module with a knowledge check
portion wasincluded to facilitate pre- and postvideo knowledge
comparison. St. Luke's University Health Network’s video,
titled “Wellness 101 — How to Improve Your Overall Health”
[27] was chosen for the content area of hedlth literacy. The
video provided 5 tipsto improve an individual’s overall health.
Five knowledge-related questions based on the video were
asked. A BMI calculator was included as the final task in this
section. Participants were instructed to “Try calculating your
BMI on thiswebsite” using the CDC BMI calculator [28].

Technology Competence

We measured internet skills using a section of the Technology
Acceptance Model 3 [29]. Statements presented to the

https://www.i-jmr.org/2024/1/€51974
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participant included “ The study website does not scare me at
all,” “Working with the study website makes me nervous,” “The
study website makes me feel uncomfortable,” and “ The study
website makes me feel uneasy.” We also asked, “While using
the study website, I'm worried that | might press the wrong
button and make a mistake that crashes the program” and “1 am
most comfortable using my (multi-select) iPad/Tablet, Smart
Phone (iPhone or Android), Computer, Other.”

The video we used to increase technology competence was
created in-house and showed participants examples of how to
click on checkboxes, “radio button” response buttons, or move
the cursor to a particular spot to answer different types of
questions, including multiple choice, multiple selections, and
a diding scale. Participants were then asked to practice
answering the same type of questionson their own (Multimedia
Appendix 1 for the Technology Competence Questionnaire).

Clinical Trials

We also asked the question, “When it comes to your feelings
about participating in this study, how do you rate your comfort?’
using a scale ranging from “0, meaning no distress; totally
relaxed” to“ 100, reflecting the highest anxiety/distressthat you
have ever felt” (Figure S1 in Multimedia Appendix 1). We
showed the video from the National Institute of Diabetes and
Digestive and Kidney Diseases, “Why Should | Join aClinical
Tria?" [30].

Semistructured I nterviews

RM and AB conducted 45-minute interviewsusing Zoom (Zoom
Technologies Inc) video conferencing with al 6 study
participants using semistructured guides. Open-ended questions
explored how participants felt about the process of using the
app and how they felt about the questions that were asked
through the app. A 5-point Likert scale was used to determine
whether they agreed or disagreed with several statements
focusing on how useful and informational they felt each of the
videos and questionnaires were, for example, “I found the
knowledge check questionsto be useful” and “I felt lessanxious
about theideaof participatinginaclinical trial after completing
the knowledge check.”

Data Analysis

Given the small sample size and our product testing approach,
we used simple descriptive statistics to give usinsightsinto the
differences between the “before” and “after” questionnaire
results. The semistructured interviews were reviewed for
commonalities.

What We Found

User Demographics

Users testing the smartphone apps ranged in age from 54 to 69
years. Of the 6 participants, 3 identified asfemaleand 3asmale.
Five stated their race as White, 1 selected Black or African
American, and none identified as Hispanic. Participants lived
in the United States and Europe; 5 owned their homes and 1
rented. The magjority (n=5) indicated they had 1 or more health
conditions, and 5 had completed at least 4 years of college. All
participants indicated they preferred to receive notifications
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before noon, 4 preferred SM'S text message notifications, and
2 preferred email notifications.

Health Literacy

The mean score and SD for each survey item before and after
viewing the instructional video are listed in Table Sl in
MultimediaAppendix 1. Lower scoresindicated amore positive
response for 2 of the questions, specifically, “How confident
are you filling out medical forms by yourself?’ and “Do you
know your Body Mass Index (BMI)?’ The mean score for each
survey item was dightly more positive after viewing the
instructional video, except for theitem “How often do you have
aproblem understanding what istold to you about your medical
condition?’ However, the SD was greater than the change in
mean scores, indicating that it could be due to chance. There
were no changes in questionnaire responses before and after
watching the instructional video for 3 of the 6 participants,
improvement in 2 questions and a decline in 1 question for 1
participant, improvement in 4 questions and no change in 3
questions for 1 participant, and improvement in knowledge of
their overall health and adeclinein theclinical trial knowledge
item for 1 participant.

Participants feedback from the semistructured interviews
revealed negative feelings toward the video “Wellness 101 —
How to Improve Your Overal Health.” One participant
described the video as*“juvenile,” while another noted concerns
that some participants might object to the health video if they
already smoke or have a high BMI. All participants agreed or
strongly agreed to the question, “I found the knowledge check
guestions to be useful.” In total, 4 of the 6 participants neither
agreed nor disagreed with the statement, “I felt less anxious
about theideaof participatinginaclinical trial after completing
the knowledge check.” Participants liked the alternative health
literacy video, “5 Waysto Makethe Most of Your Doctor Visit”
[31].

Technology Competence

The mean scoresfor all itemswere more positive after viewing
thevideo. The scoresfor 3 participantsimproved after watching
the instructional video but declined for 2 participants. There
was no change for 1 participant (Table S1 in Multimedia
Appendix 1).

Participants (N=6) shared positive feedback about the video
showing how to answer and practice questions. When asked,
“Watching somebody el se demonstrate how to answer questions
made mefeel likel knew what was expected of mein the study,”
participants answered, “agree” (2 participants) and “strongly
agree” (4 participants). Additionaly, participants answered
“strongly agree” (4 participants) to the survey, “Practicing
answering questions on my own made me feel less anxious
about participating in the study.” Some participants felt the
guestions in this section were redundant and thought all the
questions could be combined into 1 question. In addition,
participants thought the questions felt negative with the
emphasis on theterms “anxious’ and “nervous’ and suggested
changing the questions to make them seem more positive. One
participant suggested making the technology anxiety section

https://www.i-jmr.org/2024/1/€51974
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optional for those who feel more comfortable using the study
website.

Clinical Trials

Mean scores were dlightly higher prior to viewing the
instructional video compared with after the video. One
participant improved by 10 points, 1 decreased by 10 points,
and the other 4 stayed the same.

Participants had positive things to say about the video “Why
Should | JoinaClinical Trial?’ [30] When asked, “| found the
video to be useful,” 2 participants answered “agree” and 4
answered “strongly agree.”

Additional Overall User Feedback

The participants had several specific suggestions. One
participant suggested making sure that the videos were clearly
specific to diseases or therapy areasin thetrial and gave specific
information on the trial structure. Two participants suggested
including additional content on participant safety. We did an
ad hoc assessment of this suggestion and sent the National
Cancer Ingtitute's “Patient Safety in Clinical Trials’ video for
feedback [32]. The majority (n=5) participants liked the video.
The National Institute of Mental Health’'s video, “What are the
risks and benefits of participating in clinical research?’ was
also considered [33]. Most (n=4) participants liked the video
and 2 did not. Some participants thought the video was juvenile
and better for children or young adults. Others al so thought the
video did not explain concepts such as placebos well. In
response to this feedback, the following resources from the
National Institute on Aging were added: “What are Clinical
Trialsand Studies?’ [34] and “ Clinical Research Benefits, Risks
and Safety” [35], after which we sought a second round of
feedback. Most participants (n=5) liked the additional resources.

Discussion

Key Lessons

M aintaining continuous and complete use of mHealth apps has
remained a persistent problem that has not yielded even
sophisticated solutions such as timed and individualized user
messaging. A newer and evolving understanding of the
foundational importance of user engagement with mHealth
suggests that this problem comes from a lack of appreciation
by mHealth app designers of the complex and multicomponent
structures behind user engagement. We have built on prior
knowledge and work to develop a model of engagement that
accounts for the complexity of engagement [24].

This viewpoint was an exploratory study to determine the
feasibility of this approach and to guide the refinement of this
interactive test strategy. We learned several key lessons: (1)
Specificity—the participants endorsed the recommendation that
the interventions should be specific to the educational needs of
the target of the mHealth app. The most positive feedback was
given to the video we developed de novo to teach participants
the technical competence required to correctly and effectively
use the app to report their evaluations. (2) Attention to
inadvertent adverse affective variables—the participants noted
the importance of avoiding or rephrasing medical terms that
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could be seen as demeaning by some participants (eg, obesity,
age, and infirmity). (3) Individualization—the participants
clearly reflected different levels of need for improving their
technical competence and health literacy. Our results indicate
the potential importance of personalization in health app design
addressing individuals' levels of need and cultural and personal
sengitivities. For example, away to allow moreindividuaization
isto allow usersto potentially opt out of certain learning features
if they do not think they need them.

Comparison With Prior Work

Other studies have assessed how to adjust apps to increase
engagement. One study found positive effects on adherence
from personalization or tailoring of the app content to users
needs, push notification reminders, user-friendly design, and
personal support along with digital intervention [36]. However,
the high dropout rate in app usage remains a major challenge
[37]. A recent literature review found that despite factors such
as appropriate reminders and feedback, app participants were
morelikely to drop out than beretained [20]. App literacy skills
have been identified as a major factor in the uptake and
engagement of smartphone apps [38]. Although we identified
studies recommending web-based interventions to increase
health literacy and technical skills [39,40], we have not found
other studies testing approaches to increase those skills.

Limitationsand Strengths

Our sample size was limited to 6 participants, 5 of whom were
highly educated. We were unable to use any statistical
significance measures because of the small sample size or draw
conclusionsthat would apply to alarger population. Our highly
educated sample is alimitation because these individual s may
have better digital literacy than the genera population. The
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main goal of our series of mini-experiments was to assess the
feasibility of our approach and see whether we could retain the
interest of the participants and obtain useful feedback on the
interventions, which was successful. This type of testing is
intended to evaluate tailored iterations of the app after gathering
rapid participant feedback, with the ultimate goal of developing
an app that will engage users. The next phase of our work will
be to undertake the systematic testing of each component of
this model in alarger and more diverse sample. We will then
be able to refine the interventional enhancements for those
componentsfor abroader population. Ultimately, the functional
use of this approach requires much larger, population-specific
samples.

Conclusions

To fulfill the promise of mHealth apps to improve health
outcomes, apps need to beimproved so they reduce participant
attrition. Health care apps do not work for people who do not
use them. To date, app feedback, notifications and reminders,
in-app support, gamification, and partici pant compensation have
not been consistently successful in eliminating participant
dropout. Thisstudy highlightsthe potential to develop and refine
mHeal th apps using evidence-based interventions derived from
a broad range of behavioral and socia science to increase
engagement as a way of improving participant retention. This
viewpoint highlights the potential for mHealth researchers to
test and refine mHealth apps using approaches to better engage
users. The preliminary experience reported in this viewpoint
supports the feasibility of this iterative approach to create and
refine engagement interventional enhancementsfor each element
of the multidimensional, multicomponent theory of the
engagement process.
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Abstract

The collection of sexual orientation in routine data, generated either from contacts with health services or in infrastructure data
resources designed and collected for policy and research, has improved substantially in the United Kingdom in the last decade.
Inclusive measures of gender and transgender status are now also beginning to be collected. This viewpoint considers current
data collections, and their strengths and limitations, including accessing data, sample size, measures of sexua orientation and
gender, measures of health outcomes, and longitudinal follow-up. The available data are considered within both sociopalitical
and biomedical models of health for individualswho are leshian, gay, bisexual, transgender, queer, or of other identitiesincluding
nonbinary (LGBTQ+). Although most individual data sets have some methodological limitations, when put together, there is
now areal depth of routine data for LGBTQ+ health research. This paper aims to provide a framework for how these data can
be used to improve health and health care outcomes. Four practical anaysis approaches are introduced—descri ptive epidemiol ogy,
risk prediction, intervention development, and impact evaluation—and are discussed as frameworks for translating data into
research with the potential to improve health.
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on clinical health outcomes for LGBTQ+ communities [6].
Poorer health care access and quality among vulnerable groups
exacerbate these impacts[7,8].

Data-driven LGBTQ+ health research has historically been
based on convenience or purposive, rather than popul ation-based

Introduction

Research into health for individuals who are leshian, gay,
bisexual, transgender, queer, or of other identities including
nonbinary (LGBTQ+) has consistently found that these

populations experience poorer outcomes [1], with particularly
strong and consistent evidence around poorer mental health for
lesbian, gay, and bisexual adults[2]. LGBTQ+ health research
typicaly uses 2 broad frameworks, sociopolitical or
psychosocial models (where experiences of discrimination,
victimization, stigma, and harassment are central to our
understanding of health), and models of clinical, biomedical,
and lifestyle risk factors [3]. Sexual health and HIV research
fals mostly within biomedical frameworks, in practice,
inequalities are interconnected [4,5]. Experiences of
discrimination, harassment, and stigma have a profound impact

https://www.i-jmr.org/2024/1/e53311

samples [9], even in large-scale studies such as the National
LGBT Survey in 2018 [1]. The collection of data on sexua
orientation, gender, and transgender status has not been
prioritized in routine sources [3]. Challenges in identifying
understandable, meaningful, and acceptable measures, and
concerns about LGBTQ+ respondents being able to answer
guestions safely, have been additional barriersto datacollection
[10].

However, data are improving [11]. The Equality Act in 2010
placed astatutory duty on public bodiesin the United Kingdom
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to publish equality outcomes and report on progress in
addressing disadvantage experiences by (among other
characteristics) sexual orientation and gender reassignment [12],
which had a strong positive impact. The Office for National
Statistics has carried out development work on measures [13],
and although the censusin 2011 did not include questions about
sexual orientation and transgender status, in part because of the
concerns about respondent safety [10], by 2021 questions on
both were included, with instruction statements that the
guestions were voluntary. In general, data collection for sexual
orientation is more established than collection of data on
transgender status and gender, although, for both, collections
are improving.

This paper aimsto provide aguide for how theseimprovements
in routine data collection can potentially translate to improved
health and health care outcomes.

Pathways From Data to Improved Health

LGBTQ+ health research using routine data sits within wider
health data science research frameworks which are designed to
leverage person-level routine health data (collected either from
routine contacts with services or from infrastructure data
resources designed and collected for policy and research) to
improve outcomes [14]. Analyses fall under four broad
trandational pathways: (1) descriptive epidemiology, (2) risk
prediction, (3) informing innovation and improvement, and (4)
impact evaluation.

These pathways have the potential to improve outcomes by (1)
providing evidence to inform policy and practice (descriptive
epidemiology), (2) better targeting of interventions and
understanding of population health needs (risk prediction), (3)
more rational heath service developments (intervention
development), and (4) information on effectiveness informing
commissioning or funding decisions (impact evaluation),
respectively.

Health data science as a field has struggled with equality,
diversity, and inclusion [15] and there are problems across the
whole discipline. Algorithmic biasesin risk prediction models,
including in how models are developed, with differentially
poorer functioning for minoritized groups, or inequitable
outcomes when the models are implemented, are currently a
particular area of concern [16,17]. In addition, missing data
contribute not only to poorer risk model development, but to a
lack of basic descriptive epidemiology, informed intervention
development, or equalities impact evaluation. For LGBTQ+
health research using routine data, the pathways to improved
outcomes are the same, as are the challenges of missing data
[18].

Data

Thereare 5 groupsor types of routine UK data sources—where
information about sexual orientation and gender or transgender
status are either well established or now starting to be recorded,
beginning to address this lack of data. In the same way that
LGBTQ+ health research balances both societal and biomedical
models the data sources, which now include a collection of
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sexual orientation (morelikely) or gender and transgender status
(beginning to be introduced) reflect a balance of routine data
from social and health sources. The five groups are (1) socia
science or societal data collections (including Understanding
Saociety [19], birth cohort studies[20], educational cohort studies
[21], and census data); (2) general and specific health surveys
primarily designed to understand population health (including
the Health Survey for England [22] and the National Survey of
Sexual Attitudes and Lifestyles (NATSAL) [23]); (3) health
servicesor patient surveys primarily designed for health service
quality improvement (including the General Practice Patient
Survey [24,25] and the Cancer Patient Experience Survey [26]);
(4) health cohort studies (UK Biobank [27] and Our Future
Health [28]); and (5) health records (including primary care
research databases such as the Clinical Practice Research
Datalink [29,30], and secondary and community services data
sets, including the improving accessto psychological therapies
and mental health services data sets [31], and registry data, for
example, cancer registry data[32]).

Put together, the data are starting to form a comprehensive
collection but for each resource, there are strengths and
limitations or challenges. For exampl e, the Equality and Human
Rights Commission was able to draw on quantitative evidence
and data about sexual orientation and gender reassignment in
work, education, and health in the State of the Nation report on
equality and human rights in Britain published in November
2023 [33]. However, data access, sample size, measures of
sexual orientation, gender, and health outcomes, and the ability
to carry out longitudinal analysis and data quality vary across
SOUrces.

In terms of access to data, social science collections are
primarily accessed without cost through the UK Data Archive;
for sengitive fields, which often include sexual orientation or
gender and transgender status, additional safeguardsarein place.
The UK Biobank and Our Future Health are 2 large biomedical
data research cohorts accessed through trusted research
environments (secure data hosting platforms) with relatively
low but nonzero costs to researchers [28,34]. For all sources,
accessto data can require time and perseverance[11]. Interms
of longitudinal follow-up, the UK Biobank is a mature cohort
study, for which recruitment began in 2006 before sexual
orientation and transgender status were routinely collected.
Questions are included instead about sexual history, which
provides some insight [34]. In contrast, Our Future Health for
which recruitment began in 2022 has an inclusive gender
guestion and questions about both sexual history and sexual
orientation but only baseline data collection to date (recruitment
isongoing) [29].

Sample size is often a trade-off with detail. Understanding
Society is a household panel survey designed to provide
estimates about how life in the United Kingdom is changing
and what stays the same over many years, with linked health
and social data[19,35]. In common with other longitudinal and
cohort data collections, the sample sizeisrelatively small (about
40,000 people at baseline), compared, for example, to the
General Practice Patient Survey which isalarge cross-sectional
survey designed to evaluate health care quality, which has a
much larger sample size (about 700,000 responses) but with
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much less nuanced health and particularly, social measures
recorded.

Pooling data across sourcesis an approach to increasing sample
size [36], and again resources are improving, estimates across
an in-depth range of health outcomes from the Health Survey
for England using data from across 7 years have recently been
published [22].

Data from electronic health records (EHRS), or data routinely
recorded as part of clinical or health care encounters offer both
detailed health outcome data and large sample size. The
challengeisoften that for EHR datacollections, in contrast with
research data infrastructure resources, or survey-based health
data collections, measurement of sexual orientation and gender
or transgender statusisless good. In part, thisis because these
are resources not designed for research but primarily collected
as clinical documentation. Pilots have begun to improve
recording, to support audit and quality improvement. However,
given both historic discrimination experienced by the LGBTQ+
community based on sexual orientation recording in medical
records, and the interpersonal interlinking of recording and
coming out to a care provider [37,38], this solution to data
improvement is not simply a neutral administrative process.
The reluctance of health care providers to ask about sexual
orientation isasecond barrier [39]. Recent research using EHR
has provided insight by looking at transgender patients in
primary care records based on prescribing and clinical codes,
and this is an exciting area of progress [29,30]. These
approaches have their own challenges, however, with historic
clinical codesincluding outdated and discriminatory terminology
still present in some older coded EHR records [18]. Legal
barriers to identifying transgender patients after transition
provide a further barrier to research using EHR; legidative
changes have been required for recent quantitative analyses
[40].

There are notable areas where data are poorer. Data governance
and ethical challenges mean that data collections are much less
likely to collect information on sexual orientation or gender
from children. For example, some research studies have used
proxies or less detail ed response options where exact measures
of ethnicity, gender identity, or disability cannot be asked [41].
Although HIV and sexua health research are well-studied topics
in LGBTQ+ health research overall [42], routine dataare usually
more strongly safeguarded and less available for research,
although measured in some collections.

Applied Methodology

Theimprovement in datacollection for LGBTQ+ health research
inthe last decade mean that the applied methodol ogical research
around the use of these datais al so devel oping. Questions about
the longitudinal consistency of self-reported sexual orientation
and history have been explored; changes are more frequently
reported at younger ages [34,43,44]. For sexual orientation,
missing data have reduced over time since the question has been
routinely introduced in surveys [45]. Secular trends are also
being better understood [44,45], meaning that age, period, and
cohort effects in LGBTQ+ health research can begin to be
untangled [24]. Differential item functioning for new questions
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among groups for whom English is a second language is a
current area of concern for new gender questions, although this
is unlikely to be a methodological issue specific to these
particular items. The challenges of longitudinal consistency in
question wording needing to be balanced against requirements
for relevant and up-to-date survey items is again a
methodological challenge not specifically limited to questions
about sexua orientation and gender. New, nuanced, tools for
understanding gender are beginning to be developed [46];
however, space constraints in surveys mean that often only
singleitemsare asked. Whilefreetext or morein-depth response
options (or alowing multiple rather than single responses) are
more inclusive [47,48], these nuanced data are often excluded
from quantitative reporting. Data for people who identify as
asexual are very limited, as are data for people with variations
in sexual characteristics.

How Have These Data Translated Into
Applied Research?

AsLGBTQ+ routine dataareimproving, theinsightsthat come
from descriptive epidemiological LGBTQ+ health research are
also developing. For example, historically, studiesusing routine
data have been able to consider cancer risk factors such as,
smoking and alcohol consumption [49-51], more easily than
rarer cancer outcomes such as incidence. Limited sample size
and poorer measurement of outcomes mean that earlier studies
looking at cancer were cross-sectional and could only consider
cancer prevalence without disaggregation by diagnosis [52].
Larger cross-sectional data sets have allowed disaggregation of
diagnoses among lesbian, gay, and bisexual patientswith cancer,
identifying disparities primarily in HIV and human
papillomavirus—associated cancers [26]. More recent work has
for the first time in the United Kingdom been able to look at
the impact of higher smoking prevalence identified in earlier
studieson lung cancer incidence, using the UK Biobank resource
[53], connecting both biomedical and sociopolitical frameworks,
the LGBTQ+ community has historically been targeted by
tobacco marketing.

Inequalitiesin LGBTQ+ mental health outcomes have al so been
well established through a series of studies and meta-analyses
using routine datafrom the United Kingdom [54]. In our recent
work collaboratively exploring LGBTQ+ research priorities,
intersectionality (understanding the interdependent and
overlapping systems of discrimination and disadvantage) was
identified as an area of research need; and race, ethnicity, and
socioeconomic inequalities were particularly highlighted [55].
Larger sample sizes mean that intersectionality can now begin
to be explored quantitatively [56]; newer longitudinal collections
are providing additional insight [57].

Again, it is not just biomedical models that are important.
Routine educational data sets have been important in
highlighting the higher level s of bullying experienced by young
LGBTQ+ peoplein schools [21].

However, we also know that on its own research describing
inequalities experienced by LGBTQ+ adults will not lead
directly to improved outcomes. Process measures of care quality

Interact JMed Res 2024 | vol. 13 | €53311 | p.33
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH

are often easier to improve than more tangibl e health outcomes.
However, although disparities in primary care access,
communication, and satisfaction were measured routinely
between 2011 and 2017, inequalities experienced by lesbian,
gay, and bisexual adults persisted across the time period [58].

Impact evaluation isasecond pathway, therefore, where routine
data are beginning to be used to provide insight with the
potential to change the care process and improve LGBTQ+
health outcomes. The collection of sexual orientation
information in the Improving Accessto Psychological Therapies
data set has allowed inequalities evaluation of these services
for lesbian, gay, and bisexua adults, finding that they were not
as effective as for heterosexua service users[31]. In contrast,
an inequalities evaluation of theintroduction of telephonetriage
in general practices using the GP Patient Survey found that
although there was variation between practices in outcomes,
for different groups of patients within the same practice,
including lesbian, gay, and bisexual adults, there was no
evidence of differential impact on accessto primary care [59].
The Millennium Cohort Study has been used to understand the
differential impact of the COVID-19 pandemic on sexual
minority groups [57], as has Understanding Society [60].

Where to Next—Routine Data Analysis?

Routine datafor LGBTQ+ health research are much better today,
in 2024, than they were even 10 years ago. Sexual orientation
has now been collected in many sources for over a decade and
more diverse and inclusive gender measures are being
introduced, and are established in some collections. Of course,
measurement needs to continue and is continuing to improve,
and there are limitations and barriers; no dataset aloneis perfect.
However, across the spectrum of sources, there is areal depth
of datanow available and in terms of research, the dataare good
enough now to at least start thinking properly about how we
can use these resources to improve LGBTQ+ health and tackle
inequalities.

In terms of data development, of course linkage is 1 exciting
potential future avenue, with thelinked 2011 census and routine
health care data in Scotland providing a possible model for
future development. But in reality, using routine data for
LGBTQ+ hedlth research lies within the wider UK research
landscape for using routine data overal. Here the Goldacre
review probably shines some light on the direction of travel
[61]. Accessisbecoming more cautious, and dataare becoming
more securely safeguarded, new frameworks and solutions are
needed to ensure that access continues and barriers do not
increase [62]. For sensitive fields such as sexual orientation,
gender, and transgender status, this is particularly important,
but it is likely that time, patience, and perseverance are going
to continue to be required when working in this space. As a
balance to concerns about the use of person-level data, tools
sharing aggregate data such as the census resources from the
United Kingdom'’s Office for National Statistics [63], and the
analysis tool for the GP Patient Survey remain important
resources and provide real insight.

So, the question remains, how are we going to use these data
to improve LGBTQ+ health? Although the data are better, the
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approaches have not changed and the methodological answers
to the pathways from data to improved health remain the same.
The four pathways are (1) descriptive epidemiology, (2) risk
prediction, (3) informing innovation and improvement, and (4)
impact evaluation.

Given the recentness of the data improvements and that data
resourcesare still improving, thereremainsareal need for basic
epidemiological descriptivework using these new datato answer
questions and provide insight where simply the data have not
been available before. More in-depth analyses, analyses
considering longitudinal changes, and better measures of health
and health outcomes, as well as sexual orientation and gender
and transgender status, are all part of this. Frameworks for
addressing health inequalities require researchersto go beyond
simply describing known inequities [14], but for LGBTQ+
health there is dtill an evidence gap where descriptive
epidemiology that focuses on areas where research could have
an impact on policy has a place.

Maybe the results will be unsurprising, and research may show
that inequalities have not disappeared asthe data have improved,
but the work is still important, and insight is still needed.

Risk prediction as a field has real challenges ahead to get to
grips with equality, diversity, and inclusion, and this needs to
include LGBTQ+ health. For transgender health specifically,
there are some more questions to ask around risk model
development; the exclusion of transgender adults from the
development of some risk scores[47], and lack of clarity about
how to implement scores based on binary gender or sex
classifications are some specific issues to add to these [18].
Although methodol ogical work isstill needed to understand the
best way to develop and implement risk scoring for transgender
patientsto avoid potentially both under- and overtreatment, the
critical first step is to ensure that data used for model
development do not exclude transgender populationsbeforethe
research begins.

Interms of intervention devel opment and audit, theimprovement
of dataisimportant to ensure that evidence-based interventions
are devel oped and part of wider thinking about how routine data
can improve health and LGBTQ+ health in particular. Specific
clinical data sets, such as cancer data collections or more
in-depth surveys such asNATSAL will be particularly important
in this domain. Much local evaluation of LGBTQ+ health
interventions remains qualitative [64], and the evidence base
for health equity audits to address inequalities remains poor
[65].

The importance of including explicit inequality analyses in
impact evaluationsremains akey analysis strategy for improving
health. Even when interventions are not LGBTQ+ specific, there
may or may nhot be an inequitable impact. Thiskind of routine
equalitiesimpact work for LGBTQ+ and other groupsis central
to the drive the Equality Act has given to the improvement in
data that we have seen, and needs to become a routine part of
evaluative work.
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Where to Next—LGBTQ+ Health
Research?

The data are good enough now for routine data to play a
substantive part in LGBTQ+ health research, and there are clear
and realistic pathways for how this research can potentially
improve health. This comes within the wider context of
flourishing LGBTQ+ health research overall [66]. Health and
health care are complex [67]. It is not a linear pathway from
data to improved health outcomes; but good research can play
apart.

There are particular challenges for health research with
LGBTQ+ children and young people, where data are often less
frequently collected and ethical and governance considerations
are particularly important, and there is an identified need for
more research [68,69].

The co-option of research findings into homophobic or
transphobic narrativesisafurther difficult area, asare avoiding
some of the blind spotsaround equality, diversity, and inclusion
in routine data research that are beginning to be identified
particularly in risk prediction work [15]. Good communication
and cautiousinterpretations of findings are part of the solution,
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as are patient and public involvement, and the involvement of
LGBTQ+ communitiesin identifying research prioritiesand in
carrying out research [55]. Best practice guidancefor LGBTQ+
health research [70], inclusive public involvement [71], and
involvement in LGBTQ+ health research [72] provide some
signposts for researchers.

Conclusions

Descriptive epidemiology, risk prediction, informing innovation
and improvement, and impact evaluation are 4 practical
pathways from data to improved health. Data for LGBTQ+
health research are now good enough and improving. We know
that health inequalities exist, within both societal and biomedical
frameworks. Research with strong public involvement, good
clear communication, and stakeholder involvement is key, as
in al research. Overall, thisis a positive story for routine data.
We are at the stage where the analysis of routine data can
contributeto making real practical stepstoward informing policy
and practice, better targeting of interventions and understanding
of population health needs, more rational health service
developments, informing commissioning or funding decisions,
and improving LGBTQ+ health.
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Abstract

The COVID-19 pandemic led to behavioral exacerbations in people with dementia. Increased hospitalizations and lack of bed
availability in specialized dementiawards at atertiary psychiatric hospital in Singapore resulted in lodging people with dementia
in the High Dependency Psychiatric Unit (HDPCU). Customizations to create a dementia-friendly environment at the HDPCU
included: (1) environmental modifications to facilitate orientation and engender familiarity; (2) person-centered care to promote
attachment, inclusion, identity, occupation, and comfort; (3) risk management for delirium; and (4) training core competencies.
Such practical solutions can also be implemented el sewhere to help overcome resource constraints and repurpose services to

accommodate increasing populations of people living with dementia.

(Interact J Med Res 2024;13:49618) doi:10.2196/49618
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Background

The spread of SARS-CoV-2 causing COVID-19 required
significant reorganization of the Singapore health care system
to support therising number of COVID-19 cases and associated
mental health issues [1,2]. Postponement of nonurgent clinic
appointments due to reall ocating hospital resourcesfor pandemic
control and patients fear of contracting COVID-19 led to
significant delays in treatment and further increased the risk of
psychiatric relapses|3]. Reduced physical and cognitive activity
from the cessation of dementia daycare programs and limited
socia engagements due to restricted visits with friends and
family further increased social isolation and behavioral
exacerbations in people with dementia [4]. On top of this,
unemployment, work-from-home policies, quarantine orders,
and home-based |earning put family membersin closer contact

https://www.i-jmr.org/2024/1/e49618

with people with dementia. This struggle to cope with the
increasing care demands of people with dementia has resulted
in greater caregiver burnout and hospitalizationsfor respite care
[5,6].

Dueto the shortage of bedsin the dementiawards at the I nstitute
of Mental Health (IMH), atertiary psychiatric care facility in
Singapore, peoplewith dementiaare occasionally lodged inthe
High Dependency Psychiatric Care Unit (HDPCU) of the IMH,
which was not initially designed for dementia-friendly
interventions. In this viewpoint, we provide insight into easily
implementable and practical creative solutions that have been
used to accommodate people with dementia in the HDPCU
during the COVID-19 pandemic, overcoming resource
constraints and repurposing services in the face of changing
needs using a patient-centered approach (summarized in Table
1).
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Table 1. Summarized framework for customizing a care environment for people with dementia.

Principles Examples

Environmental modificationsto facilitate orienta-
tion and engender familiarity

Clear signs and signage
Sizable and readable calendars and clocks

Nursein areas allowing natural sunlight and views of greenery

Simulate home-like surroundings, including

«  partition areasto create “rooms’ for different activities

«  place photographs of friends/family close to the patient’s bed

« arrange regular communication between the patient and their family/friends via video

calls

Person-centered care to promote attachment, in-
clusion, identity, occupation, and comfort .

«  Frequent reorientation by staff

Obtain a detailed personal history from family/friends regarding the patient’s preferences
Surround the patient with items that affirm their personhood, including

«  playing songs that bring comfort or voice recordings of family/friends in the ward
« addressing patients by their usual/preferred nickname
« if possible, allow patients to wear/have sentimental items close by

. Empower patients to exercise choice as much as possible, no matter how small the decisions

may be

Risk management (delirium) .

Encourage patients to join together for meals and games

Engage patients in meaningful and mentally stimulating activities

Express comforting interactions and validate patients concerns

Patiently answer repeated questions and allow relatively more time to perform tasks

Actively take measures to prevent delirium, including

«  restrict physical restraintsto only when necessary, and even then, for the shortest duration

required

«  minimize medications that risk iatrogenic delirium

«  Obtainacorroborative history regarding patients’ expression of discomfort to recognize signs
of distress and address agitated behavior promptly

Core competencies (training if required) of staff

Understand core concepts of and practice person-centered care

o  Geriatric-specific care, including fall and choking risks, along with activities of daily living

support

« De-escaation skillsfor agitated geriatric patients

Environmental Modifications of the
HDPCU

The HDPCU isaspecialized inpatient unit devised for patients
with an acute psychiatric disorder linked to severe agitation or
aggression, placing them at significant risk to themselves or
others, leading to the requirement of close monitoring. The
nursing counter is sandwiched between two locked
gender-specific cubicles with 4 and 6 beds, respectively, and
single bathrooms. The nurse has a full view of both cubicles
and there are various discreetly placed security cameras. Items
that could fuel self-harming or suicidal behaviors, such aswires
for electronics, plastic bags, detergents, sharp pencils, and
utensils, are strictly prohibited in the ward. There is a 2:1
nurse-to-patient ratio. Staff are specially trained in swift
de-escalation to ensure safety and prevent violence, including
applying physical restraints and administering oral and
intramuscular sedation if required. A psychiatrist, a junior
doctor, and the nursing and allied health care team are on site
to manage the patients.

People with dementia often experience disorientating situations
due to separation from familiar settings, people, and routines.
Dementia wards have specific modifications to orient people

https://www.i-jmr.org/2024/1/e49618

with dementia, such as legible signage; large clocks; brighter
lighting; and contrasting-colored walls, furniture, and utensils
[7]. Renovating the HDPCU to suit such requirements was not
immediately feasible. Hence, modifying the environment to
have clear signsindicating the bathrooms; a sizeable hand-drawvn
daily calendar facing the bed indicating the date, day, month,
and year; and verbal reorientation 3 times a day were
implemented to facilitate orientation. People with dementia
were also nursed opposite a readable digital clock and beside
big windows that offered a view of greenery and allowed in
natural sunlight.

Dementia wards engender familiarity by creating homey
surroundings, including paintings hung along corridors and
divided kitchen, bedroom, and living room spaces. Since saf ety
is of utmost priority in the HDPCU, rules are often strict, and
cubiclesare designed to berédatively smaller than found in other
wards along with an open layout for easy monitoring. These
restrictions may cause people with dementia, particularly those
who like to wander, to feel trapped and anxious. Given the
nature of patients admitted to the HDPCU, the noisy and
disruptive atmosphere can destabilize and frighten people with
dementia. To create a cam environment that minimizes
overstimulation and distractions, people with dementia were
nursed in a partitioned visitors area accessed via a corridor
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adjacent to the cubicles and nursing counter. Families of people
with dementia were encouraged to bring photographs to place
in front of patients’ beds and participate in regular video calls
from the ward smartphone to lessen the effects of visitor
restrictions during the pandemic [8]. The sectioned area also
reduced therisk of impaired g eep-wake cycles and sun-downing
behaviors that are common among people with dementia and
could provoke other patients. The improvised space simulated
a private bedroom, while a wheel-in television and movable
couchesinthe cubicles shared living areaimitated a makeshift
living room.

Promoting Person-Centered Care

In person-centered care for people with dementia, personhood
consists of attachment, inclusion, identity, occupation, and
comfort. Emotional distressisusually triggered by unmet needs
related to aspects of personhood. Obtaining a detailed personal
history from the family regarding the preferences of peoplewith
dementiais essential to affirm personhood. For one such patient,
playing Chinese songs from his childhood, hearing voice
recordings of family, addressing him by his preferred nickname,
and wearing a jacket gifted from his daughter in the ward
provided a sense of comfort, identity, and continuation of self.
Empowering the patient to exercise choice as much as possible,
even for tasks as small as choosing apreferred snack, preserves
autonomy and dignity. Encouraging people with dementia to
join other patients during meals and games instills a sense of
inclusion and occupation [9,10]. Engaging peoplewith dementia
in meaningful activities mentally stimulates and reduces the
restlessness related to the tendency to worry about their
situation. Expressing warmth through comforting interactions,
patiently answering repeated questions, allowing them more
timeto perform tasks, and validating concerns can help to settle
the wariness and diminished sense of attachment experienced
by these patients. These efforts promote the therapeutic
relationship and trust between staff and people with dementia,
ultimately reducing aggression and distress.
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Risk Management

Lastly, because people with dementia are prone to delirium
during acute hospitalization, the HDPCU team actively took
measures to prevent this risk. Physical restraints were only
applied if verbal de-escalation repeatedly failed and the extreme
agitation posed a safety risk to themselves or others; when
required, patients were restrained for the shortest duration
necessary. Wherever possible, medications that risk iatrogenic
delirium in people with dementia were avoided, such as
short-acting benzodiazepinesfor tranquilization, anticholinergic
drugs, and opioid-containing analgesics. People with dementia
often have issues communicating their needs and are likely to
only respond to their present state due to verbal difficultiesand
memory problems. Obtaining a further history regarding the
patients typica behavioral patterns and expression of
discomfort from pain, hunger, thirst, or constipation helped the
team promptly recognize signs of distress and address agitated
behaviors early without escalating to restraints.

Prospects

In conclusion, hospital care conditions can be difficult for people
with dementia as they require familiarity, frequent orientation,
and a high level of staff trained to handle their needs. The
HDPCU adapted to rapid hospital protocol and health care policy
changes during the COV1D-19 pandemic and the resultant rise
in the inpatient dementia population. Although the HDPCU
staff were not geriatric-trained, the favorable staffing ratio and
expertise in handling agitated and aggressive patients made it
easier to implement person-centered care. Such conditions may
not be available in nonspecialized wards, posing a challenge
for catering to theincreasing popul ation of peoplewith dementia
admitted to hospitals in Singapore. Nonetheless, creative
solutions could be established to customize the environment
for such patients aptly. Hospitals could also consider bringing
inkey “experts’ such as psychogeriatriciansand geriatric nurses
to advise on optimizing nonspecialized wards and provide
training to care for people with dementia.
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Abstract

Climate change, local epidemics, future pandemics, and forced displacements pose significant public health threats worldwide.
To cope successfully, people and communities are faced with the challenging task of devel oping resilience to these stressors. Our
viewpoint is that the powerful capabilities of modern informatics technologies including artificial intelligence, biomedical and
environmental sensors, augmented or virtual reality, data science, and other digital hardware or software, have great potential to
promote, sustain, and support resilience in people and communities. However, thereisno “ one sizefitsall” solution for resilience.
Solutions must match the specific effects of the stressor, cultural dimensions, social determinants of health, technology infrastructure,

and many other factors.
(Interact J Med Res 2024;13:€54687) doi:10.2196/54687
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Introduction

Inrecent years, aseries of stressful events has caused substantial
economic, physical, and medical harm worldwide. As of June
2024, the COVID-19 pandemic that began in early 2020 has
been estimated to be responsible for about 1,193,535
COVID-19-related deathsin the United Statesalone[1]. It was
responsible for one of the worst global recessions in recent
history in addition to causing great disruption to normal life due
tolockdowns, closures of educational institutions, shutting down
of tourism and travel, and ahost of other adverseimpacts[2-6].

In addition to pandemics, climate change has emerged as an
economic and public health threat [7-10]. Climate change
continuesto intensify the emergence of pathogenic diseasesand
exacerbate pandemics and infectious disease outbreaks such as
Ebola, COVID-19, and Mpox [11,12]. Mental health has been
identified as a casualty of climate change worldwide [13-16].

https://www.i-jmr.org/2024/1/e54687

Migrant and refugee populations are also subject to increased
health risks [17,18].

Adverse events, whether disease outbreaks or climate-driven
events, cause significant stress to people, communities, and
organizations, threatening human health and animal healthwhile
exacerbating systemic inequities. These events highlight the
importance of building resiliencein communitiesto prepare for
and mitigate the impact of these stressors on people and
communities.

Resilience has been defined in several ways (see Multimedia
Appendix 1 [19-22]). In this paper, we will use the
comprehensive definition from the US Agency for International
Development: “the ability of people, households, communities,
systems, and countries to mitigate, adapt to, and recover from
shocks and stresses in a manner that reduces age and chronic
vulnerabilities and facilitates equitable health outcomes’ [19].
The discipline of resilience research investigates and develops
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evidence-based strategies, technologies, knowledge, and
information to build preparedness and inform response and
recovery across communities [23]. These stressors can include
pandemics, floods, droughts, and displacement of populations
dueto conflicts, among others. It is noteworthy that these events
can berecurrent [24]. While these stressors can affect all aspects
of society and the environment, including agriculture,
economics, industry, and infrastructure, in this paper, we will
focus on resilience relating to public health threats. Thus, all
references to resilience in the following should be understood
asrelating to health.

Informatics and communications technologies are essential
infrastructures worldwide. Due to their increasingly powerful
capabilities, these technologies have great potential to play
important rolesin supporting resilience. In this paper we propose
Resilience Informatics (RI) as the application of informatics
techniques to materially improve and promote the ability of
people, communities, and organizations, to effectively cope
with natural and man-made stressors [25]. We introduce RI as
a people-centric field of study, research, and devel opment.

Climate and Pandemic Resilience

Climate change threatens human health and well-being in myriad
ways: warmer temperatures are expected to increase the risk of
vector-borne diseases[26]; elevated temperatures are projected
to result in deaths of millions by the year 2100 [27]. Of
particular concern among certain island nations and coastal zone
communities is the rise in sea levels which could result in the
submergence of these locations. This could lead to large-scale
displacement of people [28,29]. The impacts of a changing
climate are already evident across the United States. in 2012
alone, the economic cost of climate change effects including
wildfires, ozone pollution, heat waves, mosquito-borne disease
was US $10 billion (in 2018 dollars) [30]. While direct impacts
on health include morbidity and mortality associated with
extreme weather events such as heatwaves and floods, indirect
health impacts to adults and children are caused by changesin
the dynamics of vector-borne and water-borne diseases,
malnutrition due to decreased food security, and population
displacement that may arise through aterations in our
environmental and social systems[31-33].

Climate resilience refers to the ability to prepare for, recover
from, and adapt to the threats associated with a changing
climate, including but not limited to more frequent and severe
extreme weather events and prolonged droughts. Climate
resilience centers around societies and communities mobilizing
resources and partners to anticipate these risks, reducing
community vulnerability to those risks through infrastructure
and other investments, preparing for, responding to, and
recovering from these events.

CrisisInformatics and RI

Crisis informatics, also known as disaster informatics, is “a
multidisciplinary field combining computing and social science
knowledge of disasters’ [34,35]. Crisisinformatics hasamajor
focus on the informatics needs of first responders such as
firemen, construction workers, and health careworkersincluding
medics, nurses, and physicians. Crisis informatics tools have
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been proposed to improve the efficiency of crisis response
methods such as evacuations, provision of medical supplies,
and disaster preparation. Mobile tools [36] have been used
during crises to assist affected individuals and these can be
viewed as examples of RI tools for, typically, short-term
immediate responsesto crises. By contrast, Rl hasitssolefocus
on improving the ability of people and communities to
successfully cope not only with disasters but also to prepare for
long-lasting and recurrent threats to health.

About Resilience Informatics

Inthebroad sense, Rl encompasses (1) data science and artificial
intelligence to aid the design, development, and evaluation of
resilience strategies, and (2) hardware, software, and systems
that trandate resilience strategies into customized tools for
people and communities. Well-designed RI tools can play an
important rolein strengthening local capacitiesin public health.
Measurement of health resilience among people and
communitiesis of particular importance. Therecent COVID-19
pandemic saw the development and deployment of a host of
informaticstoolsincluding contact tracing, disease surveillance,
and messaging [37-41].

Classification of Stressors

The nature, design, requirements, and devel opment processes
of RI tools could vary across 2 types of stressor events as
defined below. We identify drivers of resilience whose impact
could be enhanced by RI tools and systems.

Type (1) Acute Events (eg, Floods or Wildfires)

Here, amajor role of RI is to develop tools and systems that
disseminate educational information on resourcesfor resilience
and recovery and gather data for computing and measuring
resilience metrics. If a cellular data infrastructure is available,
as in crises that do not affect basic infrastructures, the
widespread availability of cell phones and the very high
penetration rates of smartphones can provide very useful venues
for this purpose [42]. Data gathered from cell phones can
provide geo-coded and time-stamped information enabling
dynamic identification of “hot spots” where resource allocation
can be made to the most affected areas. These data can also be
used to devel op management dashboardsfor the benefit of public
officials to monitor and inform decision-making. Typically, RI
toolsto promoteresiliencein type 1 events need to be devel oped
rapidly, as soon as possible after the event has occurred to
provide speedy assistance such as guidelines for recovery to
affected persons.

Type (2) Long-Term “ Chronic,” Recurrent, and
Persistent Stressors

Long-term and persistent effects of climate change, including
hydrometeorological events such as droughts and warming
temperatures, fall into this category. Another example is the
transition of pandemics from an acute phase in which new
infections occur at high rates, into along-term phase in which
new infections occur at greatly reduced rates while a percentage
of persons who were previously infected have persistent
consequences. The COVID-19 pandemic is an example [43].
Chronic stressors can cause acute stressors, for example,
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excessive rainfall caused by changes in climate patterns. The
major need for resilience to chronic stressors is to develop a
culture of resilience. Here, data science and machine learning
canidentify data patternsthat contribute to the long-term stressor
as well as generate insights about efficacious responses and
develop toolsto reduce inequitable responses. Informaticstools
developed for acute stressor response could betransitioned into
systems to enhance resilience for chronic stressors. As noted
previoudy, evenin low- and middle-income countries (LMICs),
cell phones have achieved very high penetration, providing a
cost-effective and highly accessible meansfor providing targeted
information and gathering data. As an example, in the last 10
years, mobile health tools in LMICs [44-47] have been
intensively researched and could become common practice
[36,46-50]. Notably, in LMICs the WhatsApp system is often
used for videoconferencing between clinicians and remote
patients [51].

Behavior Changein Resilience and the Role of
Per suasive Technology in RI

Responding to stressors can require people and communitiesto
change their behavior. A vivid illustration occurred during the
COVID-19 pandemic. People worldwide needed to change their
normal behavior both on individual and socia levels. Frequent
handwashing and the use of sanitizing wipes were
recommended. Mask-wearing was mandatory when doing
commonplace activities such as shopping and traveling on public
transport.

Persuasive Technology (PT) [52] is concerned with the design
of noncoercive tools and technologies to change human
behavior. Following the origind work of Fogg [52,53],
Oinas-Kukkonen and Harjumaa [54] developed the Persuasive
Systems Design (PSD) framework to guide the development of
PT tools. Apart from Fogg 7 primary task support postulates,
the PSD framework includes 3 major componentsin the design
of PT tools: dialog support, system credibility support, and
social support. A major focus in recent years has been the
application of PT to support healthful behavior change [55-57].
Since, as noted above, behavior change can be an important
comment on developing resilience, PT and PSD could help
guide the design of effective RI tools and systems.

Driversof Resilience and I nfor matics

Driversof resilienceinclude social contexts, community factors,
economics, institutions, and infrastructure. An important area
of future research is to identify the role of Rl and the designs
of RI systems to enhance the effectiveness of these drivers of
resilience.

Social Contexts

Societal structurestend to be either individualistic or communal
in nature and shape RI systems developed for the given level
of structure (town, county, or state) [58-61]. In the example
provided above, social mediaishighlighted asacommunication
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mechanism. The use of social mediaas an adaptive management
tool has become increasingly prevalent which can be seen
through the move of the newsto social mediasites[62] and the
use of technology for this purpose has been seen through the
development and use of messaging apps for flash flood
warnings, silver aerts, and amber alerts[63,64]. These systems
have proved effective in communities, and so the adaptive
management approach and systems, which can easily change
to include more information and updates about the status of the
crisis, emergency, or disaster, can contribute substantialy to
developing a substantial resilience procedure.

Community Factors

Community factors that drive resilience include social groups,
religious charitable organizations, and community food banks
[61]. During the first part of the COVID-19 pandemic in 2020,
communitiesin New York worked to form socia groupsthrough
social media (Facebook or WhatsApp chats), which worked to
establish a mutual aid system to provide resources such as
groceries, masks, etc, aswell as services such as child care, pet
care, and running errands, for at-risk individuals in the
community [65]. These mutual aid groups drove resilience
within their communities through a demonstrated dedication to
the well-being of the population.

I nstitutions and I nfrastructure Factors

The measures that an institution may take in approaching a
stressor, and the adaptability of those measures, are determining
factors in the effectiveness of resilience-driven responses to
crises. During the COVID-19 pandemic, governments had to
quickly devel op responses to the pandemic that would prevent
the spread of the disease and reduce its prevalence [66]. Hong
Kong, Singapore, and Japan maintained contact throughout the
pandemic to implement systems restricting the travel of their
citizens, which would in turn contain the spread of COVID-19.
Additionally, each of these governments devel oped systems of
communication between the health care providers and the
government to ensure the practiced pandemic response was
maximally effective at any given time [67]. These responsesto
the pandemic, as aforementioned, were developed at the time
of the pandemic. Ingtitutions establishing RI systems must be
able to develop adaptive systems that can rapidly respond to
changes in the conditions of the pandemic alowing for an
effective resiliency response to be deployed.

Development of Rl Systems

Systems development can be greatly aided by following a
conceptual framework. Apart from systematic devel opment and
evaluation, the benefits of doing so can include flexibility,
extensibility (the ability to add features easily), scalability (the
ability of the system to be used by greater numbers of people
without redevelopment), and others [68]. We propose the
following 6-component framework (Textbox 1) [25] asaguide
for efficient and effective development of RI systems.
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Textbox 1. The 6-component development framework for Resilience Informatics (RI) tools and systems.

Component 1: Team

«  Theteam should be multidisciplinary and multisectoral, including experts in the target population, the environment, the technologies, and the

specific resilience context.

Component 2: Requirements

«  Requirements may include system features that maximize system effectiveness, for example, multilanguage capability, consistent appearance,
and functionality across operating systems (eg, Android and iOS); screen sizes; judicious use of multimedia.

Component 3: Information

«  Thesystem must provide the correct and most pertinent information at the right spatial and temporal scales.

Component 4: Design consider ations

. Design of an RI system, including the user interface, must consider aspects including but not limited to the target population’s characteristics,

social determinants of health, and cultural factors.

Component 5: Implementation

«  Efficient and rapid implementation strategies need to be developed. The project must have a process for responding to the changing needs in the

targeted population.

Component 6: Evaluation

«  Thesystem should integrate an evaluation strategy to continuously assess the impact of the project on achieving its objectives.

Component 1: Team

It isimportant to recruit amultidisciplinary, multi-sectoral team
that represents all aspectsor factorsthat contributeto resilience.

Component 2: Requirements

Evolving project scope and changes in the operating
environment as the effects of a stressor unfold suggest that RI
systems requirements need to be flexible to accommodate these
changes. An adaptive management approach including the Agile
development model [69] would be most appropriate. Ideally,
the development methodology can enable rapid changes to the
system even doing implementation and during subsequent
operations to accommodate changing requirements.
Requirements gathering may take alot of time but will likely
have to be accel erated in the case of acute eventsto develop the
system and make it available to the target users as soon as
possible.

Component 3: Information

RI interventions are based on data that help to provide correct
and relevant information. This information must be tailored to
the target users and match the cultural, linguistic, literacy,
educational, and economic status of the target population.

Component 4: Design Considerations

The design of an RI intervention must be tailored to the
characteristics of the target population. These include the
intended level of resilience, that is, the household, the
community, and the health care system. The system must be
designed to match the technological capabilities available in
the target context. For example, the availability of clean and
reliable electricity can be a constraint in some locations. In
addition, the intervention must match the education, culture,
language, and other characteristics of target users. To aid

https://www.i-jmr.org/2024/1/e54687

engagement and sustai ned benefits, frameworksfor technology
adoption and principles of PT and PSD could be useful [70].
Integration of theory in the design of the RI project is another
important consideration that would occur at this stage to support
its effectiveness and impact.

Component 5: I mplementation

The RI project or system must have an efficient and rapid
implementation using an adaptive management approach and
considering currently available resources (eg, availability of
data and communications infrastructures). The process should
provide maximum benefitswhileincorporating afeedback loop
to respond to changes in the operating environment that may
necessitate changing requirements.

Component 6: Evaluation

Finaly, it is important to integrate a logic model or similar
implementation-guiding tool into the design of the RI system
or project to support continuous evaluation efforts that can
inform needed changes and modifications.

Rl Case Study: AZCOVIDTXT

Asanillustration of the RI devel opment framework, we present
the following case study of atechnology solution implemented
to support the resilience of the people of the state of Arizonain
the United States to the COVID-19 pandemic [71].

Context

Beginning in March 2020, the COVID-19 pandemic caused
immense disruptionsto normal life. These disruptionsled to an
atmosphere of fear in which uncertainty, rumors, and
misinformation caused widespread public confusion preventing
people from responding effectively.
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Purpose

To help aleviate this situation and enhance resilience among
Arizonans, faculty including some of the authors of this paper,
at the University of Arizona identified the need for an
informatics strategy to provide much-needed authoritative and
timely COVID-19 information to the public, and to gather
information on how the pandemic wasimpacting communities
health, well-being, and them financially.

I nformatics Solution

We chose text messaging, also known as SM S, asthe messaging
modality becauseit islow-footprint, ubiquitous, and eliminates
the time and expense of multi-language app development for

lyengar et al

iOS and Android. SMS text messaging is an established
multi—operating system technology, shown to be effective in
health care [72,73], usage of text messaging is universal, and
no specific training is needed for individual sto read and respond
to text messages. SMS text messaging is inexpensive, and
unlimited text messaging is often included in many cell phone
plans. Enrollment occurred by text messaging atoll-free number,
and via the AZCOVIDTXT website during which enrollees
indicate their preference for receiving messages or surveysin
English or Spanish. Enrollment was limited to those providing
Arizona zip codes. For data collection we developed a simple
REDCap (Research Electronic Data Capture; Vanderbilt
University)-based [ 74] mobile survey tool (Figure 1).

Figurel. AZCOVIDTXT system. CDC: Centers for Disease Control and Prevention; REDCap: Research Electronic Data Capture.
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System Design Consider ations

Requirementsidentified included supporting individualsin both
English and Spanish, ease of use and installation, and the
capability to gather data on COVID-19—related challenges. A
mobile health approach was identified as the optimal strategy
since even among disadvantaged groups, cell phone access or
ownership is at 100% and smartphone access is at least 85%
[75]. The resulting system, called AZCOVIDTXT, was
developed and deployed in 4 weeks beginning in April 2020
and operated until March 2022.

Messages and other content were developed and curated by
specidistsin public health, health behavior change, and health
communications, assisted by graduate students and staff at the
University of Arizona. The message content was derived from
authoritative sources such as the Centers for Disease Control,
and new messages were developed weekly to reflect the latest
information, including countering misinformation, on the

https://www.i-jmr.org/2024/1/e54687
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availability of vaccines, outbreaks of SARS-CoV-2 variants,
and other evolving events.

By March 2022, atotal of 3746 households from 225 Arizona
zip codes were enrolled in AZCOVIDTXT, and more than
522,000 text messages providing COVID-19-related information
had been sent. Except for afew outages, surveyswere sent about
every 10 days and messages 3 times a week. Curated content
consisting of nearly 200 news updates, SM S text messages to
enrollees, and socia media posts (@AZCOVIDTXT on
Instagram [I nstagram from Meta], Facebook [Meta], and Twitter
[X Corp]) had been devel oped.

AZCOVIDTXT applied the 6-components principles for RI
(Textbox 2) and successfully developed and deployed the
system.

Due to the waning of the COVID-19 pandemic in early 2023,
this system was discontinued.
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Textbox 2. Application of 6-component Resilience Informatics development framework in AZCOVIDTXT.

Component 1: Team

« A multidisciplinary team of experts in informatics, mobile health, infectious disease epidemiology, health promotions, health behavior change,
programmers, and students was assembled rapidly.

Component 2: Requirements

«  Simplicity and ease of use were primary reguirements. Messaging should be in English and Spanish and received on cell phones dueto their very
widespread use and minimal cognitive demand on a user. These requirements precluded the use of apps because apps take time to devel op, need
maintenance, and can require the user to download them on their phones. SM'S text messaging in English and Spanish was selected since it is

available on al types of phones (not just smartphones); the user interface is understood universally.

Component 3: Information

. Messages and content were sourced from authoritative sources (Centers for Disease Control and Prevention, World Health Organization) and
curated by an infectious disease epidemiologist and health promotions expert assisted by University of Arizona graduate students and staff [71].
Weekly messages reflected the latest information and conditions (ie, vaccine availability or SARS-CoV-2 variant outbreaks).

Component 4: Design

«  Theteam applied the requirements of simplicity and ease of use to design the AZCOVIDTXT website.

Component 5: Implementation

«  The system was developed and deployed in 4 weeks using public-domain software and systems such as REDCap (Research Electronic Data
Capture). Thisincluded aweb site (now discontinued), and toll-free numbers for enrollment.

Component 6: Evaluation

«  The performance of the system was evaluated by the number of families enrolled and the reach of the system.

Discussion, Issues, and Limitations

Overview

The public health system comprised of aweb of federal, state,
and local agencies, hospitals, nonprofit agencies, and businesses
is at the forefront of the health response to climate change.
Building climate resilience for the public health system requires
understanding the complexity of the climate, health, and human
systems that have unique innate behaviors and structures that
contribute to risks and vulnerabilities and need to be considered
when informing any community resilience-building strategy.
The development of resilience could benefit from a
systems-wide informatics approach that engages partners and
stakeholders in the processes involved in recognizing threats,
determining capacity, informing solutions, recovering from a
crisis, and adapting the process to enhance our capacity to deal
with the next crisis. Rl systems could also play an important
supporting role in the US Agency for International
Development’s Program Cycle [76] for enhancing resilience.

Issues and Limitations

It is important to note that RI tools and systems are subject to
operating limitations caused by the stressor event. For example,
issues such as inaccessibility to sufficient cellular network
connection, low health literacy, and fragility of cellular networks
may interfere with the effectiveness of an RI project. Older adult
populations, who often tend to be largely represented in rural
areas, may not be able to access new technology easily dueto
the rapid development of new technologies. Additionally,
cellular networks may be overused in the case of an emergency
which may lead to issues with communication via technology.

https://www.i-jmr.org/2024/1/e54687

Initiatives, such as FirstNet, are being put into place to try to
addressthisissue, especially for first responders and otherswho
need to react quickly and coordinate with their teams during an
emergency, but the public at large may still be negatively
impacted [77]. Additionally, it is important to recognize the
limitations of informatics tools being able to support and
enhanceresiliency. Resilienceisavery largeissue that requires
amultilevel and multifaceted response, and informaticsis only
one part of the larger response that would need to occur for a
community to be ableto cope effectively in theface of adisaster.

Equity and Inclusion

The current issues and limitations of Rl data communication
lie within already existing socioeconomic discrimination and
access difficulty of the methods of communication. Yang et al
[78] discuss how underserved communities, identified as
minorities, older adults, and the poor, were not considered in
deciding systems for spreading disaster informatics data. By
effect, these groups experience sizable differencesin the disaster
relief provided to them. AsRI systems continue to become more
heavily technology-reliant, these gaps in treatment could be
further emphasized. Virapongse et a [ 79] detail how these gaps
are becoming ever more important to address, as communities
become more reliant on the data provided to them. They argue
that working directly with stakeholders in underserved
communities would allow for their issues to be directly
addressed and prevent further inequitable treatment of these
groups.

Tailored tools, interventions, and programs are acritical aspect
of informing resilience and RI alows for this strategic, locally
relevant decision-making. No model for RI will be effective for
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every community, asthe conventions and resources of each area
differ greatly. Therefore, Rl system designs must allow decision
makers to adapt the model to fit the needs of their area. For
information distribution, thiswould mean that decision makers
would adapt their RI systems to account for the technology
available to the given community and the preferences of each
group of people in how they desire to receive information.

lyengar et al

populations, and the environment to respond successfully to
natural and man-made stressors. The conditions under which
RI systems function impose design and other constraints that
make RI distinct from other informatics environments. There
isagreat need for research to establish the basic principles of
RI leading to the efficient development of RI systemsto support
resilience in the United States and globally. The 6-component

framework presented here could be auseful guideto the efficient
development and effective deployment of informatics tools to
promote resilience in public health.

Conclusions

RI hasgreat potential to enable and support strategies, resources,
and technologies that enhance the ability of individuals,
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Abstract

Telehealth presents both the potential to improve accessto care and to widen the digital divide contributing to health care disparities
and obliging health care systems to standardize approaches to measure and display telehealth disparities. Based on a literature
review and the operational experience of clinicians, informaticists, and researchers in the Supporting Pediatric Research on
Outcomes and Utilization of Telehealth (SPROUT)—Clinical and Translational Science Awards (CTSA) Network, we outline a
strategic framework for health systems to develop and optimally use a telehealth equity dashboard through a 3-phased approach
of (1) defining data sources and key equity-related metrics of interest; (2) designing a dynamic and user-friendly dashboard; and
(3) deploying the dashboard to maximize engagement among clinical staff, investigators, and administrators.

(Interact J Med Res 2024;13:€57435) doi:10.2196/57435

KEYWORDS

telehealth; equity; dashboard; data; framework; televisit; healthcare; disparity; disparities; clinician; clinicians; informaticist;
informaticists; researcher; researchers; pediatric; pediatrics; health system; health systems; dashboards; accessto care; data source
mapping

- The DHEF takes into consideration, how individuals
Telehealth EC]UI'[y sociocultural and economic contexts influence intermediate
The COVID-19 pandemic catalyzed a surge in telehedth factors, such as environmental stressors and health behaviors,

adoption [1,2]. However, disparities in access to and adoption which then drive the digital determinants of health (eg,
of digita hedth care persist among Black, Hispanic acceptability of or access to digital health and digital health

public-insured, low-income, and rural populations [3,4]. This literacy) at the root of these disparities.
“digital divide” risks worsening health disparities in these \while health systems can use the DHEF to implement

populations [5]. As such, Crawford and Serhal [6] created the  equity-minded telehealth strategies, understanding and bolstering

Digital Health Equity Framework (DHEF) to guidetheequitable  the quality of the digital infrastructure within the communities
design and implementation of futuredigital health interventions.

https://www.i-jmr.org/2024/1/e57435 Interact JMed Res 2024 | vol. 13 | €57435 | p.54
(page number not for citation purposes)

RenderX


mailto:lukem1@chop.edu
http://dx.doi.org/10.2196/57435
http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH

they care for are critical steps to ensuring equitable access to
telehealth [7]. Unfortunately, digital analytics are still lacking
in understanding patterns of use for those underserved by
technology infrastructure. Dashboards that showcase key
performanceindicatorsin real-time have become valuable tools
to track health care access, understand disparities, and apply
interventions. Yet, there are no consensus guidelines for the
creation of telehealth-specific equity dashboards, which can
apply the nuanced considerations for tel ehealth equity outlined
through the DHEF to existing standards for data monitoring.

To standardize such dashboards, the Supporting Pediatric
Research on Outcomes and Utilization of Teleheath

Figure 1. Telehealth equity dashboard framework.

1. How will the data be
visualized?

2. What dynamic features
should be included?

(R X}

Lukeet al

(SPROUT)-CTSA Network formed the Telehealth Equity
Workgroup. Evidence on best practices for the collection and
use of equity-related data continues to evolve. Based on the
review of the existing literature and the operational experience
of clinicians, informaticists, and researchersin this workgroup,
we aim to describe a strategic framework for adult- and
pediatrics-serving health systems to execute telehealth equity
dashboardsthrough 3 phases: define, design, and deploy (Figure
1). In addition, we offer a checklist for framework navigation
(Figure 2) to motivate more critical monitoring and evaluation
of health systems' current telehealth practices and ultimately
identify service delivery gaps.

3D

Telehealth Equity
Dashboard

6|

1. What data source
should be used?

2. What metrics should
be collected?
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Figure 2. Telehealth Equity Dashboard Checklist (aSTEM: SPROUT Telehealth Evaluation and M easurement).

Step 1: Identify data sources and collect accurate data on equity stratifiers

Internal sources: External sources:
O Electronic medical record O National census databases
O Patient experience surveys O National and regional community surveys

O News and industry papers

Step 2: Choose metrics based on STEM? framework

Health outcomes: Health delivery:
O Individual or population-level disease | [0 Access (eg, interpreter use and portal use)
specific measures (eg, HbAi, BMI| O Effectiveness (eg, guideline adherence)
percentile, depression screening results, | [0 Quality (eg, diagnostic accuracy and % harm)

Vanderbilt score, and mortality) O Cost (eg, health care use)
Individual experience: Key performance indicators:
O satisfaction (eg, promoter score) O No-show rates
O Usability (eg, technical quality) O Wait times
O Burden reduction (eg, saved workdays) O Patient volume
O Adaptability [0 Percent telehealth visits

Equity stratifiers:
0O Common demographics (eg, age, gender identity, sex, race, ethnicity, zip code, and census tract)
O Advanced demographics (eg, language preference, insurance, disability status, and complexity)
O Technology access (eg, device access, device type, stable internet, and technology literacy)
O Social determinants of health (eg, economic stability, and neighborhood metrics of disadvantage)

Phase IlI: Design
Step 1: Create dynamic features
Recommended features:
O Comparison groups O Table displays for detailed views
O Variable filter and aggregation functionality - G.raphlcal dlsplav.s for trends
O Hover functionality to see counts, percents, | & Time range filtering ‘
numerators, and denominators 0 Data missingness reporting
Step 2: Select visualization tools
Visualization tools:
O Epic O Power BI O AQlik Sense O Tableau
O Healthelntent O Qlikview O R O Other

Step 1: Socialize dashboard

Recommended steps:

O share with interested parties (leadership, administrative, operations, clinical, patients)
O Integrate feedback

Step 2: Maintain data
Recommended steps:

O Establish cadence for dashboard tracking and review with each user group
O Establish cadence for data updates, reporting, and reassessment of performance metrics/goals

: : there is notable variation in data privacy regulations based on
Engagmg Interested Parties patient age, type of medical problem, local health system policy,

Before beginning to create atelehealth equity dashboard, health  @nd federal laws, early involvement of senior leadership can
systems must identify all interested parties to balance diverse  N€lP ensure dashboards are implemented appropriately. Once

perspectives and priorities. This should include all potential  'dentified, interested parties must be continuously engaged
dashboard users such as clinical staff, investigators, and throughout all phases of the framework processto ensure these
administrators as well as dashboard experts and patient dashboards are devel oped with the intended usersin mind.

advocates. Early engagement facilitates institutional buy-in to
both the development and use of a dashboard. In addition, as
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Phase 1: Define

First, hedth systems should consider what data sources to
leverage. Data source mapping is one useful technique to
identify usable sources for dashboard development. This
inventory process involves cataloging all available sources and
describing potentially relevant data to allow teams to consider
the feasibility, reliability, and quality of these sources[9].

Poor data quality can have negative downstream impacts, as
inaccurate or incomplete data can mask disparities [10]. First,
patient and caregiver demographics can often be conflated in
pediatric and elderly care settings. In addition, previousresearch
found that non-White patientswere lesslikely to have the correct
racein their health records and were often mislabeled asWhite,
skewing disparities [11].

Several strategies can mitigate the limitations of missing or
inaccurate data [12]. Imputation or Bayesian modeling
techniques can help bolster existing data by addressing
missingness with inferred values. For example, imputing race
and ethnicity identified greater disparities in the COVID-19
pandemic compared with only excluding missing data [13].
Health systems can also enhance existing data by linking their
databases to external sourcesto conduct area-based monitoring
[14]. Toillustrate, health systems could integrate regional-level
population data from national datasets (eg, the National Survey
of Children’s Health or the American Community Survey for
United States health systems) with internal patient data by
censustract. Inequities can then be tracked between geographic
regionsto further support patients from medically underserved
aress.

Unfortunately, these methods fail to address the root of data
inaccuracy. Improvement of data collection processes is the
best long-term solution. Staff training, patient education, and
options for self-reporting outside of clinical encounters are the
key to improved collection [10]. Greater transparency regarding
the purpose of datacollection and improved framing of questions
to reduce discomfort in sharing sensitive data could also increase
self-reporting [11].

Once data sources are established, health systems can select
metricsfrom the domains of the SPROUT Telehealth Evaluation
and Measurement Framework [8], including health outcomes
(ie, disease-specific measures), health delivery (ie, quality and
cost), individual experience (ie, patient experience data), and
key performance indicators (ie, implementation measures), as
well as equity dtratifiers (ie, environmental and patient
attributes). In addition, defining each metric's performance
target is critical. Targets can be based on peer organizations
performance, past institutional achievements, national-, state-,
or county-wide standards, and public policy goals.

Phase 2: Design

Next, health systems should carefully consider the design of
their dashboards, as literature demonstrates how data
aggregation and visualization influence the ability to detect
disparities. Common broad racial or ethnic categories such as
Black or Hispanic obscure within-group differences that can

https://www.i-jmr.org/2024/1/e57435
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have significant clinical implications [15]. For example, when
Asian is grouped with Native Hawaiian and Other Pecific
Idanders, such aggregated statistics conceal meaningful
differences between subpopulations [16]. Thus, it isimportant
to present data as disaggregated by equity stratifiersas possible,
acknowledging that somelevel of aggregation isnecessary given
data quality limitations. A recent proposal for revised federal
government standards for race or ethnicity classification may
guide new best practices[17].

We recommend, at aminimum, comparing datafrom medically
underserved popul ations tailored to each health system with an
aggregated “catch-all” category. Health systems may consider
including areference, which is often the total population, or the
group with the largest population, the most favorable health
outcomes, or the greatest socioeconomic advantage [18].
However, there are risks of identifying a “reference” group.
Selecting White, for example, as the “reference” population
may inherently imply “nonreference” populations require
assimilation or acculturation or are generally “abnormal.”

In addition, designing dashboards with filter functionality across
multiple metrics can provide more robust analytics and displays.
Irrespective of the population that a health system serves,
intersectionality, or the connection between personal identities,
isanother key attribute to dashboard design, allowing for amore
in-depth look at identified disparities. Race as a stratifier on its
own could be aproxy for other variables underlying why these
disparities exist. However, through filter functionality, users
might consider assessing telehealth equity across races with
another key attribute such as social determinants of health or
internet access [18].

Designers should follow best practices for data visualization
[19], including maximizing data-ink ratios and selecting the
appropriate software for desired displays. Commercial
visualization tools can be found in Figure 2. When choosing
visualizations, it is essential to consider ease of interpretation
and potential risks of misrepresentation. Tables explicitly lay
out comprehensive information but can be difficult to digest.
Interpretation can be supported through bolding or color-coding.
Graphs can simplify data presentation and draw attention to
specific insights, but this simplicity can be misleading [18]. It
is essential to include missing data percentages to illustrate
uncertainty and incorporate features to understand the context
of the data for accurate interpretation. For instance, when
interpreting a narrowed disparity, the availability of hover
functionality to display numerators, denominators, and count
breakdowns for each data point can help users understand the
source of thischange. In addition to reporting current statistics,
the ability to view metrics over time permits the detection of
trends and postintervention changes in disparities, which is an
essential dashboard function.

Once a preliminary design has been determined, teams can
develop adraft dashboard. From this point forward, design and
development should proceed concurrently. The draft dashboard
should undergo pretesting with sample end users, which can
subsequently inform alterations to the design. Keep in mind,
multiple designs are likely needed to accommodate different
audiences, from frontline staff implementing care and
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monitoring day-to-day activity to administrators interested in
quarterly or annual trends.

Phase 3: Deploy

Finally, intentional deployment of atelehealth equity dashboard
iscritical to increase use, inform and monitor operational and
clinical interventions, preserve institutional buy-in, and create
a data-driven culture to improve health equity.

Socialization, the process of organizations adjusting to, learning
about, and buying into a new initiative, is a key aspect of
successful dashboard deployment. Socializing with leadership
and clinical providers allows teams to create relationships for
long-term reporting and inspires cliniciansto use the dashboard
in day-to-day operations. Normalizing the use of equity
dashboards at all levels can stimulate maintained awareness and
action to improve telehealth equity hencelaying the foundation
for a culture of accountability and quality data collection to
address disparities in telehealth and beyond.

In this phase, it is also essential to identify a cadence of
dashboard review and updates, given the likely differing
preferences among users. For example, leadership may expect
a quarterly update on high-level telehealth equity experience,
while interpreter services may desire monthly check-ins to
monitor progress on their practice changes. Socialization with
regular review allows for opportunities for feedback, which
studies have shown improve data quality [20]. By recognizing
the appropriate set of interested parties, health systems can
continue to enhance their dashboards with the right feedback
from a broader and inclusive user group.

Once the dashboard has been deployed, data can be used and
updated to advocate for new programs or workflows supporting
medically underserved populations. The implementation of a
dashboard is an ongoing, iterative process through each phase.
For example, the telehealth equity dashboard may highlight a
disparity that motivates the creation of anew intervention. The
implementation of a new intervention may then require new
metrics to be added to the existing dashboard or identify other
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ways to track performance. The dashboard development team
may thus return to phase 1 to re-evaluate their sources and
metrics. In addition, periodic usability testing by end users can
allow for the identification of these key areas of improvement
for subsequent iterations. This process, akin to the
plan-do-study-act cycleinimprovement science, can ensurethe
adaptability and continual advancement of a dashboard to meet
the demands of a dynamic health system [21].

Call to Action

Dashboards offer an avenue to improve datatransparency. Data
sharing, especially asit relates to equity, may belimited dueto
lack of incentives, fear of public scrutiny, or perceived
opportunity costsif dataare used for research by external parties
[22]. However, this creates sil os between and even within health
systems. Data sharing has the potential to establish shared
standards and cross-institutional efforts to improve health on
the population level. Therefore, astechnology usein health care
advances, we must pay close attention to what the data are
telling us, be transparent with our progress and shortcomings,
and push for change in our care models to ensure equitable
quality of and accessto care for all patients.

Conclusions

The COVID-19 pandemic laid bare the implications of the
digital divide on health disparities. Nevertheless, telehealth
continues to serve as a potential cost-effective care model and
promising access point for patients with barriers to in-person
services. As such, our strategic framework for developing a
telehealth equity dashboard offers a valuable means to track
patterns of use and outcomes to provide the evidence needed
to support continued investment in an equitable telehealth
offering. Telehealth equity dashboards present a promising
means to build a culture of data transparency, equity-centered
implementation, and continuous improvement to narrow the
digital divide and improve access to care for all patientsin this
expanding world of digital health care.
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Abstract

Various behavioral and mental health issues have been reported by space crews for decades, with the overall number of mental
health complications expected to be higher than is publicly known. The broad range of mental health complications encountered
in space is expected to grow as people venture deeper into space. Issues with privacy, dua relationships, and delayed
communications make rendering effective psychological therapy difficult in a spaceflight environment and nearly impossiblein
deep space. Automated psychotherapy offers a way to provide psychotherapy to astronauts both in deep space and low Earth
orbit. Although automated psychotherapy is growing in popularity on Earth, little is known about its efficacy in space. This
viewpoint serves to highlight the knowns and unknowns regarding this treatment modality for future deep space missions, and
places an emphasis on the need for further research into the applicability and practicality of automated psychotherapy for the
spaceflight environment, especialy asit relates to long-duration, deep space missions.

(Interact J Med Res 2024;13:€58803) doi:10.2196/58803
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during spaceflight, with a number of notable examples being

Introduction reported over the past 60 years.

The assumed importance of mental health in a spaceflight |n 1982, aRussian cosmonaut reported struggles with isolation

environment has changed over time, with earlier mission
planners thinking that mental health complications would not
be an issue for sufficiently qualified personnel [1]. This “right
stuff” mentality wasthought to indicate that astronaut candidates
who wereresilient to stress, capable of operating under extreme
pressures, and able to draw on a reserve of inner strength to
push through dangerous and anxiety-provoking circumstances
would betheideal astronaut in space[2]. However, these highly
specific selection criteriado not appear to be capable of picking
individual s who are impervious to mental health complications

https://www.i-jmr.org/2024/1/e58803

RenderX

and depressed mood while in space[3]. A 1985 Russian Soyuz
mission ended 60% earlier than expected dueto what isbelieved
to be issues involving “mood and performance’ for crew
members[3]. In addition, over the course of 89 American space
shuttle missions, there were 34 separate behaviora issues
reported among the 208 different crew members [4]. The
differing labels used for these instances—hostile and
uncooperative, depressed mood, mood and performance, and
behavioral issues—reflect the imprecise way in which mental
health complications have been discussed in relation to astronaut
activities. It is important to note that these instances do not
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necessarily reflect something that would have threatened the
safety of crew or the mission and were often transient.

Of the psychological and behavioral problems that have been
reported and made public, recorded issues include anxiety,
depression, irritability, dleep-wake disorders, asthenia,
interpersonal  tension, impaired judgement, inappropriate
behavior, stress, exhaustion, euphoria, neurosis, accentuation
of negative personality traits, and various cognitive impairments
[4-7]. While these reported psychological and behavioral
problems are broad, it should be noted that these have all been
reported in missionsto low Earth orbit; it is not yet determined
what psychological issues could present during long-duration,
deep space missions. A general consensus is that all of these
previously reported problems could occur in deep space, in
addition to serious psychiatric symptoms, psychotic disorders,
delirium, and homesickness, among others [4,8-10]. Although
these examples are noteworthy, they do not give a complete
picture of the mental health incidencesthat have occurred during
spaceflight. It isbelieved that the actual incidencerateis higher
than previously reported and that a number of astronauts may
be unwilling to divulge these details with ground personnel
[11]. The purpose of thisviewpoint isto summarize the current
state of automated psychotherapy for the spaceflight
environment, especially as it relates to the advantages that it
offers, the drawbacks associated with this treatment modality,
and the current unknowns.

Current Treatments for Mental Health
Problems in Space

Mental health interventionsin a spaceflight environment begin
at the crew selection phase, where astronauts are screened for
commonly known psychological risk factors [2], commonly
referred to as” select-out” logic. In addition, in accordance with
“select-in” logic, previous research has indicated that the ideal
psychological profile for a crew member for a space mission,
especially along-duration, deep space mission, isan individual
with high levels of adaptability, resistance to stress,
psychological stability, and strong social skills [12]. It is
believed that these highly specific psychological selection
criteria may help reduce the rate of psychological issues
experienced during the mission. In addition, the Human
Behavior and Performance Support Program, a component of
NASA comprised of highly trained psychologists, physicians,
and other mental health professionals, is tasked with providing
support to an astronaut at al phases of the mission—before,
during, and afterward. The Human Behavior and Performance
Support Program offers entertainment and activities to
counteract the detrimental effects of boredom and isolation,
regular private video conferences with psychologists on the
ground, interactions with family and friends, and other
supportive measures to prevent mental health complications
from escalating to a degree that may present problems for
mission success and could require further treatment.

When a mental health complication is reported during a
spaceflight mission, ground personnel, medical personnel, and
astronauts have a variety of methods available to them to treat
the condition. Thefirst step often focuses on reducing the levels
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of stress that the astronaut is feeling, as the very environment
of a spaceflight mission may produce physical and psychic
strain on the astronaut through a combination of microgravity,
noise, isolation, reduced privacy, radiation, work-leisure balance,
and other factors [1,7,10,11,13,14]. While stress reduction is
commonly used as a preventative measure, it is also helpful
after symptoms of psychopathology have been reported [8].
One research team has categorized the general stress reduction
strategies for a spaceflight environment to show their focus on
4 main areas: ergonomic (factors associated with the design of
the spacecraft), physiological (factors associated with nutrition,
dleep, and hormonal balance), psychological (factorsassociated
with known psychological stressors), and psychosocial (factors
associated with relationships between the astronaut and other
crew membersaswell asground personnel) [14]. Recommended
treatments for dealing with stress while in space often involve
increased leisure time, increased time spent communicating
with loved ones on Earth, and structured interventions. One
such structured intervention is the Spaceflight-Induced Stress
Management Plan, which involves a series of group training
modules that prepare astronauts for stressors and equips them
with the skills needed to form support groups while in space
[14]. Given the strong connection between reduced coping with
stress and subsequent psychopathology [15], it is evident that
the ability to de-escalate the stress that an astronaut is feeling
may reduce their likelihood of developing mental health
complications, symptoms, and disorders while in space.
However, it is important to note that while stress reduction
initiatives can help improve the overall mental health of an
astronaut, they are not likely to be a sufficient intervention to
treat psychopathological responses, such as depression,
psychosis, or severe anxiety disorders.

Inthe event that amental health complication has been reported
that cannot be remedied by noninvasive stress interventions
alone, it isrecommended that some sort of psychological therapy
begin [6]. Regular scheduled interactions between astronauts
and a psychologist on the ground may provide a normalized
way for crew membersto discusstheir emotions, relievetension,
and receive feedback from trained specialists [16]. However,
the usual version of psychological therapy used on Earth, where
a provider and a client have roughly 1 hour of uninterrupted,
private, structured discussions using a standardized treatment,
is exceedingly difficult in space, and there are little available
data on the practice or outcomes of psychological therapy in a
spaceflight environment. Thiswill be discussed in further detail
in the Difficulties of Therapy in Space section. In addition, the
use of monitoring tools that can be used to capture
intraindividual variability across various behavioral and mental
health markers, including real-time physi ol ogical measurements
and medical monitoring, should be explored as a way to
passively and actively gather data on the current functioning of
astronauts asaway of detecting potential mental health concerns
asearly aspossible. Often, thesetoolsare used in psychol ogical
research to produce reliable data and can involve nonintrusive
wearable devicesto detect heart rate and skin conductance (such
as aring or a wristband), as well as passive environmental
monitors for eye tracking and movement.
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A commonly used treatment for mental health complications
in space is medication, which is a separate treatment modality
from psychotherapy and may be used independent of
psychotherapy or in conjuncture with psychotherapy. The
current psychiatric formulary onboard the International Space
Station includes antidepressants, antipsychotics, anxiolytics,
anticholinergics, seep agents, and wake agents [4]. It is
important to note that these medications are hel pful for treating
the expected psychological disorders that may be encountered
in low Earth orbit and do not include medications for more
severe psychopathol ogies, such as more powerful antipsychotics.
Rather, this formulary was created with the assumption that
severe psychological emergencies may be treated by a rapid
return to Earth. Future deep space missions may need a more
comprehensive formulary for a setting where a return to Earth
isnot feasible [4].

Taken together, it isapparent that most interventions for mental
health complicationsin aspaceflight environment have focused
on crew selection criteria and methods for coping with stress.
While psychiatric medications are available in space and have
been used by at least 24 crew members spread out among 20
different missions [17], the efficacy of the gold standard of
psychological care, structured psychological therapy, islargely
unknown for the spaceflight environment. The following section
will focus on this topic.

Difficulties of Therapy in Space

It is recommended that physicians aboard the International
Space Station be trained in psychological therapy in order to
provide direct psychological care to crew members with a
psychological disorder or symptom [18]. However, the American
Psychological Association’s Ethical Principles of Psychologists
and Code of Conducts outline that a psychologist providing
therapy to an individual, while at the same time already
possessing another relationship with that person, isengaged in
multiple relationships—a potentially dangerous state for a
therapist and client to be in that represents real hazards to both
individuals [19]. While dua relationships offer a potential
pathway for harm to come to either the therapist or the client,
they cannot always be avoided [20]. When one considers the
perils associated with strained relationships in a spaceflight
environment, including lack of cooperation between parties,
interpersona conflicts, reduced privacy and escape, and other
hazards, it isapparent that any situation that could produce these
hazards should be avoided wherever possible. For these reasons,
it may be advisable to avoid providing psychological therapy
to a crew member from another crew member on the same
mission, if possible.

An dternative to intracrew psychological therapy may be
ground-based psychological teletherapy. The proliferation of
teletherapy during the COV1D-19 pandemic has provided away
for more people to receive psychologica care than was
previously possible and has acted as an accelerator for this sort
of technology [21], acting as a proving ground for the efficacy
of teletherapy. However, the application of teletherapy to a
spaceflight environment has not been fully explored. Astronauts
in space commonly complain about a lack of privacy while
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onboard a spacecraft or space station [22,23], which may make
teletherapy exceedingly difficult while in space. The lack of
privacy during therapy, often referred to as a lack of a “safe
therapeutic space,” can seriously threaten the effectiveness of
psychological therapy [24], asatherapy client may be unwilling
or unable to divulge crucial details, express emotions fully, or
fully participate in therapy in other crucial ways.

Although a lack of privacy in a spaceflight environment can
conceivably be corrected through modified living quarters, one
issue that cannot be corrected is delayed communications.
Previous space simulation studies have revealed that delayed
communication creates a host of problemsfor crews, including
confusion and wasted crew time, decreased verbal encoding
efficacy, increased stress and frustration, and general task and
communication errors [25-28]. Surprisingly, difficulties were
seen across the range of possible delayed voi ce communication
times, with issues being found when messages were delayed by
asbrief asjust fractions of asecond [26] or aslong as 5 minutes
[25]. Currently, crews aboard the International Space Station
experience communication delays between the crew and the
mission support team on the ground measured in the millisecond
range, although it is known that this will increase to upwards
of 22 minutesfor crewed missionsto Mars[29], and even longer
for more distant destinations. It is apparent that humans are
sensitive to voice communications being delayed by any
noticeable amount, with difficulties, errors, and stress quickly
appearing under these conditions; during an emotionally charged
psychotherapy session, these effects may be more pronounced.

Although psychological therapy is considered to be one of the
most desirable psychological interventions and is empirically
supported for both short-term and long-term outcomes, its use
in aspaceflight environment may be difficult. Dual relationships
between crew members create barriers to intercrew
psychotherapy by introducing increased risk for other negative
outcomes. In addition, a combination of alack of privacy and
delayed communications creates significant barriers for
teletherapy between ground personnel and astronauts in low
Earth orbit. As such, there are limited options available for
psychotherapy in low Earth orbit.

Particular Issues Posed by a Deep Space
Environment

A deep space mission may have particular stressors that create
an increased risk for mental health complications; in addition
to the known stressors of spaceflight (eg, monotony,
microgravity, awareness of danger, interpersonal tension, and
radiation), a deep space mission may encounter additional
psychological stressors, including increased isolation, the
psychological effects of distance from Earth, the knowledge of
a lack of rescue, prolonged homesickness, and other related
phenomena [10,30]. In addition, the very nature of deep space
creates a certainty that delayed communicationswill become a
facet of life for deep space astronauts; as the speed of light
dictates the maximum speed at which information can travel,
messages from Earth to Mars can take up to 22 minutes in 1
direction [29], with longer delays being a certainty for deeper
Space missions to asteroids, the moons of the gas giants, and
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other destinations. Assuch, delayed communication is expected
to be one of the most pressing issues with regard to future
long-duration, deep space missions [25]. When combined with
the known and expected stressors associated with deep space
missions, it is clear that an option for psychological care is
needed that does not rely on Earth-based interventions, while
aso avoiding the dual relationship hazards of intercrew

psychotherapy.

Need for Automated Psychotherapy for
Spaceflight

An increasingly common psychological treatment modality,
automated psychotherapy, sometimes called computer-mediated
psychotherapy, cybertherapy, or computer-created virtual reality
for therapy [31,32], is often seen as a method of delivering
psychological therapy (psychotherapy) to various groups of
people, especially populationsthat are underserved or otherwise
unreachable through traditional therapeutic routes [33].
Automated psychotherapy generally takes the form of a series
of computer-delivered modules that explain applicable
psychological terms to the therapy client, provides a degree of
psychoeducation necessary to progress through the module,
delivers homework tasks and the necessary training required
for those tasks, and assesses the symptoms and progress of the
client using standardized empirically supported measures.
Automated psychotherapy is not to be confused with self-help
books, which, although found to be effective for temporary
amelioration of depressive symptoms (among other disorders),
have not been found to produce lasting effects past 6 months
[33]. Rather, automated psychotherapy has been shown to be
highly effective in treating various psychopathologies with
lasting and reliable results [34].

Automated psychotherapy provides a way for astronauts to
receive empirically supported psychologica therapy while in
space and distant from the Earth. Notably, as will be outlined
in greater detail below, automated psychotherapy is able to
mitigate the issues that confound traditional therapy or
teletherapy in a spaceflight environment. There are research
projects currently underway to investigate the efficacy of, and
design atreatment for, automated psychotherapy in aspaceflight
environment [35]; these findings will be explored in greater
detail below. Notably, future deep space missions will likely
require an automated psychotherapy option that can function
independent of ground-based personnel, although automated
psychotherapy options in the foreseeable future will likely
involve a trained human therapist to some extent or another.
Discussions of automated psychotherapy below are generally
in reference to the more automated end of this treatment
modality.

Advantages of Automated Psychotherapy
for Spaceflight

Automated psychotherapy has been widely discussed as a
potentially popular method of delivering psychotherapy on
Earth, asit allowstreatmentsto betailored to the clientin away
that reduces the workload on experienced clinicians [36].
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Cognitive behaviora therapy (CBT) isacommon psychological
treatment modality that is often modified into an automated
psychotherapy course, usualy referred to as internet CBT
(iCBT). Here, it should be noted that the CBT umbrellais broad;
many different components of other treatment modalities (eg,
mindfulness-based treatments for anxiety disorders and
exposure-based treatments for anxiety and trauma disorders)
can fit under this umbrella, which is why CBT is often
considered to be the gold standard of frontline psychological
care [37]. A recent review has found that iCBT has been an
effective treatment for avariety of psychopathologies, including
depression, generalized anxiety disorder, panic disorder,
obsessive compulsive disorder, posttraumatic stress disorder,
adjustment disorder, bipolar disorder, and phobias, among others
[38]. Recently, research has indicated that mindful ness-based
interventions for stress, anxiety, depression, and other
psychological disorders may be particularly useful in the
spaceflight environment [39]. Given that automated
psychotherapy has already been tested for mindfulnesstraining,
this may be a particularly useful function of this treatment
modality [40]. In future spaceflight environments, automated
psychotherapy may be the only form of treatment available to
astronauts, especially during deep space missions [14]. Based
on the empirical support for the use of automated psychotherapy
for a wide range of psychopathologies, it is evident that
automated psychotherapy has broad applicability and can be
tailored to the individual in aflexible and supportive way [36].
In addition, the instantaneous nature of automated
psychotherapy, and the lack of a need for a second party (the
trained clinician), meansthat thistreatment modality can easily
be integrated into the astronaut’s schedule in a way that is
convenient and accessible to them, reducing the barriers to
treatment. Given that alack of convenienceisacommonly cited
factor for not pursuing psychotherapy on Earth [36], reducing
this barrier in a spaceflight environment is of the utmost
importance.

In addition, automated psychotherapy providesaway for therapy
to be conducted that does not require individuals to enter dual
relationships (eg, both as professional colleagues and astherapist
or client) [41]. In a spaceflight environment, the importance of
this cannot be overstated. Given the known history of intracrew
socia tensions to quickly devolve the general morale and
effectiveness of crews in space, any steps that can reduce the
risk of socia strain on space crews are steps worth taking.
Similarly, the increased privacy of automated psychotherapy
treatments can aso protect the social reputation of crew
members and reducethe likelihood of conflict. Given that some
forms of automated psychotherapy allow for aclient to undergo
therapy without having to verbally speak, the opportunity for
inadvertent or intentional eavesdropping from other crew
members is significantly reduced. Accordingly, automated
psychotherapy clients may feel more comfortable divulging
their thoughts, feelings, and emotions in a therapeutic context
without fear of their reports being overheard by other crew
members. Notably, astronauts have previously cited a lack of
privacy as a barrier to participating in psychosocial research
while onboard the International Space Station [42], and these
concerns can be expected to persist in atherapeutic environment.
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Automated psychotherapy also creates the only pathway for
therapy to occur between the client and another party not on the
spacecraft that does not result in delayed communications. Given
that an accumulation of stressors can threaten the therapeutic
relationship and the overall effectiveness of psychotherapy [43],
any steps that may reduce these stressors are worth pursuing.
Automated psychotherapy offers a way to reduce the strain
caused by delayed communications, protects the privacy of the
client, reduces the risk of dual relationships, offers a tailored
and customizable course of treatment, and has broad
applicability for a wide range of psychopathologies.
Accordingly, this treatment modality appears to be useful for
future long-duration, deep space missions and may even offer
advantages to crew members in low Earth orbit. As such, the
usefulness of automated psychotherapy in a spaceflight
environment should be further investigated.

Drawbacks of Automated Psychotherapy
for Spaceflight

However, automated psychotherapy is not impervious to all
criticisms, and there are noteworthy concerns about this
treatment modality. One potential detractor for automated
psychotherapy is its apparently low treatment adherence rate
compared with other psychotherapies, ameta-analysisof iCBT
and face-to-face CBT adherence rates found that 84.7% of
individuals receiving face-to-face CBT would complete their
treatment, compared with 65.1% of individualsreceiving iCBT
[44]. Little data have been found regarding generalized
predictors of treatment nonadherence for automated
psychotherapy [45]. However, incorporating knowledge from
the medical field more broadly may provide some insight to
treatment nonadherence for automated psychotherapy. For
example, the Medication Adherence Model provides a
framework for understanding nonadherence to medication
recommendations and treatments [46]. Within thismodel, it is
thought that 2 different types of nonadherence may be seen: the
intentional decision to miss a medication dose and the
unintentional interruptions that can cause a medication dose to
be missed. A core concept related to nonadherence is whether
the patient shows purposeful actionsto increase adherence, can
demonstrate patterned behaviorsto increase adherence, and are
receptive to feedback to increase adherence. The Medication
Adherence Model incorporates concepts from various cognitive
and self-regulatory models of behavior to explain the processes
involved in medication adherence [46]. Considering the
framework provided by the Medication Adherence Moddl, it is
possiblethat adherenceto psychological therapies, and therefore,
automated psychotherapies, may beimpacted by similar factors.
With regard to adherence to automated psychotherapy, it is
possible that individual swho show purposeful actionsto adhere
to their treatment, can implement patterned behaviors to help
adhereto their treatment, and are receptive to feedback regarding
their treatment adherence may be able to complete automated
psychotherapy modules at a higher rate than was previously
found. The proposed ideal psychological profilefor future deep
space astronautsincludestraits similar to these [12], which may
indicate that future deep space astronauts will have a higher
adherence rate to automated psychotherapies than the general
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population. However, an inclination to adhere to therapy
provided by an automated psychotherapy system may be
moderated by the astronaut’sbelief that the information received
from the system is accurate and helpful; if a client does not
believe this to be the case, treatment adherence may be low.
Accordingly, it isimportant to investigate how future deep space
astronauts feel about the usefulness of these therapy solutions,
and effort should be made to provide education surrounding the
use of, and outcomes associated with, automated psychotherapy.

Automated psychotherapy may also be unsuitable for severe
psychopathol ogies. Given that automated psychotherapy requires
that an individual be able to self-monitor, adhere to their own
treatment, and provide accurate assessments of their own
thoughts and feelings, certain types of delirium, psychosis, or
other severe psychopathol ogies may render anindividual unable
to use automated psychotherapy treatments. However, ruling
out atreatment modality based on the severity of adiagnosisis
common practice in therapeutic settings[47]. In the case that a
crew member is experiencing a severe psychopathology, it is
possible automated psychotherapies could be modified to
incorporate another crew member to help provide the treatment.
This, combined with the psychiatric formulary available to the
crew, may offer a way to treat an individual who is far from
Earth and is experiencing severe psychological symptoms.

It is aso possible that while automated psychotherapy is
intended to alleviate some of the uneasiness that an astronaut
may feel about divulging sensitive mental health concerns to
another person, this treatment modality may be unable to fully
address this concern. For example, an astronaut may think that
informing an automated psychotherapy program about their
thoughts of depression, their anxiety surrounding a mission
objective, or their feelings of isolation and loneliness will
somehow be stored in an accessible personnel file or berelayed
to mission planners on the ground. These concerns may prevent
some astronauts from seeking help, and addressing these
concerns will take deliberate education and planning to ensure
that astronauts understand the full limits of confidentiality
between themselves and the automated psychotherapist.

First Examples of Automated
Psychotherapy Options for Spaceflight

Numerous early, simplified examples of automated
psychotherapy have been designed and tested for future
long-duration, deep space missions. One such project aims to
create a digital tool that allows astronauts to monitor their
behavior, performance, and feelings, make small changes to
their routines as recommended; and reduce stress in key areas
to help reduce the risk of developing a psychopathology [48].
Similarly, an interactive media program is being developed to
help astronauts cope with interpersonal conflict and depression
while engaged in deep space missions [49]. This program was
tested by a crew of 6 individuals who spent 8 monthsin group
isolation in aspace analog environment [50]. Overall, the space
analog crew found the conflict and stress modules of the
treatment to be particularly helpful, with one of the most cited
areas of improvement being a desire to learn how to use these
modules to help other crew members. In addition, there are
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various virtual and augmented reality methods for mitigating
psychol ogical demands under development and in various stages
of testing. One such option is the Crew Interactive Mabile
Companion, developed by IBM and Airbus Group and already
tested on the International Space Station [51]. Crew Interactive
Mobile Companion is designed as an artificial intelligence
assistant for astronauts that is designed to offer them guidance
on certain tasks and supply answers to technical questions.
Overall, the development of automated psychotherapy for a
spaceflight environment is still in its early stages. In addition,
it should be noted that there is not public-facing information
about what, if any, automated psychotherapy toolsare currently
availableto astronautsin space. NASA and other space agencies
should make a concerted effort to publish this information if it
isavailable; if no automated psychotherapy tools are currently
being used or tested in an actual spaceflight environment, efforts
should be made to begin incorporating these as soon as possible.

Variables Still to be Determined About
Automated Psychotherapy for Spaceflight

Although much progress is being made with regard to
developing automated psychotherapy treatments for
long-duration, deep space missions, there are still key variables
that have yet to be fully explored. More information is needed
regarding adherence to automated psychotherapy, especially as
it relatesto the common personality profiles of astronaut crews.
Whilethe Medication Adherence Model offersgeneral principles
for treatment adherence [46], the applicability of this model to
automated psychotherapy for astronauts has yet to be explored.
There is adso a need to investigate whether the usefulness of
automated psychotherapy could expand the astronaut selection
criteria. Currently, some of the astronaut selection criteria
operate on a “rule-out” procedure, where certain medical,
occupational, sociological, and psychological factors are
searched for in order to disqualify a particular astronaut
candidate [52]. ldentifying the cognitive components most
associ ated with treatment adherence to automated psychotherapy
courses could help add to the existing “rule-in” procedures for
astronaut selection (involving required skills or attributes for a
given mission), wherein certain cognitive factors that would
indicate that an astronaut candidate is more likely to respond
to automated psychotherapy coursesin the future are used when
creating astronaut crew rosters. Given that it is almost expected
that an astronaut will experience some level of psychological
distress, discomfort, or disorder during future long-duration,
deep space missions [53], perhaps it is worth searching for
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astronauts who best respond to psychological treatments, rather
than restricting astronaut classes to only those who we believe
are the most resilient against psychological disorders.

Fitting Automated Psychotherapy Into
Mental Health for Spaceflight More
Broadly

Recent publications involving the mental health of the
spaceflight environment more broadly have provided an
excellent framework for understanding what our current
knowledgebase is for space psychology and what research is
still needed [41]. Notably, automated digital therapeutics has
been recognized as a potentially useful psychological support
tool for long-duration, deep space missions[54], indicating that
multiple research teams have identified this as a helpful tool
that should be developed. Asresearch into digital therapeutics,
a line of medical interventions that allow patients to interact
with digital health technology in lieu of or in addition to medical
professionals, accelerates, it is hoped that these technologies
will continueto proliferate [55]. Automated psychotherapy can
be conceptualized asan arm of digital therapeuticsthat has been
proven to be particularly effective on Earth [34] and may
drastically improve psychological outcomesfor future astronauts
that experience mental health difficulties.

Conclusion

Automated psychotherapy offers away for astronauts engaged
in long-duration, deep space missions to receive empirically
supported psychotherapy in a way that protects their privacy,
reduces the risk of interpersonally straining dual relationships
between crew members, and removes the difficulties presented
by delayed communications. Although there are little data
available regarding predictors of adherence to automated
psychotherapy treatments, knowledge incorporated from the
M edication Adherence Model suggeststhat the cognitive factors
associated with reduced adherence to medical treatments may
belessof arisk for astronauts due to the psychological selection
criteria used by space agencies. The usefulness of automated
psychotherapies for severe psychopathologies and unwilling
participants has yet to be fully explored, but its overall efficacy
for a broad range of psychopathologies that could be
encountered during a long-duration, deep space mission
indicates that automated psychotherapy could be a useful tool
for safeguarding the mental health of future astronauts.
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Abstract

Government policiesin the United States and the European Union promote standardization and value creation in the use of FAIR
(findability, accessihility, interoperability, and reusability) data, which can enhance trust in digital health systems and is crucial
for their success. Trust is built through elements such as FAIR data access, interoperability, and improved communication, which
are essential for fostering innovation in digital health technologies. This Viewpoint aims to report on exploratory research
demonstrating the feasibility of testing a patient-centric dataflow model facilitating semantic interoperability on precision medical
information. In this global trend, the interoperable interface called Sync for Science-J (S4S-J) for linking electronic medical
records (EMRs) and personal health records was launched as part of the Basic Policy for Economic and Fiscal Management and
Reformin Japan. $4S-J control s data distribution consisting of EMR and patient-generated health dataand convertsthisinformation
into QR codesthat can be scanned by maobile apps. This system facilitates data sharing based on personal information beliefs and
unlockssiloed Internet of Things systemswith aprivacy preference manager. In line with Japanese information handling practices,
the development of a mobile cloud network will lower barriers to entry and enable accelerated data sharing. To ensure
cross-compatibility and compliance with future international data standardization, S4S-J conforms to the Health Level 7 Fast
Health Care Interoperability Resources standard and usesthe international standardized logical observation identifiers namesand
codes (LOINC) to redefine medical terms used in different terminology standards in different medical fields. It is developed as
an applied standard in medical information intended for industry, health care services, and research through secondary use of
data. A multicenter collaborative study wasinitiated to investigate the eff ectiveness of this system; thiswas aregistered, multicenter,
randomized controlled clinical trial, the EMBRACE study of the mobile health app M QLink for hyperglycemic disorders in
pregnancy, which implements an EM R—personal health record interoperableinterface via S4S-J. Neverthel ess, the af orementioned
new challenges, the pivotal Health Level 7 Fast Health Care Interoperability Resources system, and LOINC data mapping were
successfully implemented. Moreover, the preliminary input of EMR-integrated patient-generated health data was successfully
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shared between authorized medical facilities and health care providers in accordance with the patients preferences. The
patient-centric data flow of the S4S-Jin Japan is expected to guarantee the right to data portability, which promotes the maximum
benefit of use by patients themselves, which in turn contributes to the promotion of open science.

(Interact J Med Res 2024;13:€57332) doi:10.2196/57332

KEYWORDS

Sync for Science-J; AS-J; electronic medical record; personal health record; privacy preference manager; patient-generated
health data; Health Level 7 Fast Health Care Interoperability Resources; HL7-FHIR; logical observation identifiers names and
codes; LOINC; open science; mobile health; app; digital health; digital intervention

Introduction

Global Convergencein Digital Health Infrastructure

The standardized medical information network in Europe and
the United States not only provides high-quality medical care
inindividual practice but also serves as adevel opment research
infrastructure that enables effective epidemiological research.
When digital health care is provided with appropriate
infrastructure, training, and engagement, it has the potential to
improve population health by using artificial intelligence, big
data, and precision medicine[1]. FAIR (findability, accessibility,
interoperability, and reusability) data practices can enhance
trust in digital health systems, whichiscrucial for their success.
Trust is built through elements such as FAIR data access,
interoperability, and improved communication, which are
essential for fostering innovation in digital health technologies
[2]. The ELIXIR Hub of the European Committee (EC)
integrates Beacon to connect geographically distributed data
centers and unify their data access methodologies [3,4]. The
cloud-based analysis platform enables ready sharing and
reproduction of research results through workspaces in the
National Institutes of Health All of Us research program’s
Researcher Workbench [5,6]. With continued adoption, these
systemsare creating alarge network of globally searchable data
setsthat havethe potentia to unlock new data-driven discoveries
and applicationsin medicine. Meanwhile, in the policy making
of medical information, the European Commission initiated
policies on cross-country data sharing of individual-level data,
specifically through initiatives like the European Health Data
Space in March 2022 [ 7], and the Data Governance Act, a new
EC legal system, cameinto effect in September 2023, promoting
standardization by the EC, as well as the creation of value in
the use of FAIR datain anticipation of improved computational
technology [8]. Thelegal systemisbeing developed to promote
data-driven innovation, as well as to develop low-cost medical
technology. The US Department of Health and Human Services,
through the Office of the National Coordinator for Health IT,
released the draft 2024-2030 Federal Health IT Strategic Plan
which places an emphasis on addressing the policy and
technology components essential for securely catering to the
diverse datarequirements of al health IT users[9]. In response
to thisglobal trend, the Basic Policiesfor Economic and Fiscal
Management and Reform 2022, approved by the Japan cabinet
office on June 7, 2022, set forth a policy of linking health and
medical data obtained within and outside medical institutions.
Consequently, the Japan cabinet office devised a national
medical information platform to encompass a broad range of
data, including medical and long-term careinformation, medical

https://www.i-jmr.org/2024/1/e57332

receipts, data on specific medical examinations, vaccination
information, electronic prescription data, and data on
municipality clinical examinations, aswell aselectronic medical
records (EMRS). The objective of thisinitiative is to facilitate
the adoption of online medical care and to promote the
implementation of artificial intelligence hospitals with a view
to advancing medical digital transformation. Furthermore, the
platform will examine standard EMRs and use EMR datain a
manner that optimizes treatments, facilitates the development
of new artificia intelligence-based or other medical
technologies, and supports drug discovery [10].

Economic and Clinical Impact of Mobile Health
Technologies

In line with this policy, this research group was commissioned
by the Japan Agency for Medical Research and Development
to devel op amobile health (mHealth) app M O Link. It designed
and implemented the Sync for Science-J ($4S-J) interface to
realize EM R-personal health record (PHR) interoperability using
aQR code. In thisresearch project, we implemented this system
to construct a mobile cloud network designed for Japan’'s
medical situation that enables information sharing centered on
individuals and enables data sharing based on personal free
choicewith aprivacy preference manager (PPM) [11] for siloed
Internet of Things (IoT) systems. Putting everything in
perspective to cover all stepsin a FAIR data management plan
when conducting health research efforts, 56.57% of the time
could be saved when using the FAIR4Health solution. This
translated into economic savings of €16,800 (€1=US $1.0821
in 2023) per month, representing 17.11% of the cost per person
per month of theinstitution [12].

Recently, the widespread use of internet technologies and
mHealth tools for public health and medical purposes has
changed human life[13,14]. SMS text messages sent from cell
phones using reminder systems had a positive effect on
medi cation adherence among patientswith chronic diseasesand
those in need of medical services [15,16]. mHealth apps have
been widely applied in the medical management of patients
with cancer [17], diabetes [18,19], cardiovascular disease
[20,21], and other chronic conditions [22]. Obstetric and
gynecologic practices are also increasingly equipped with
telemedicine to improve patient access to health care services.
Previous studies have demonstrated the effectiveness of
telemedicine services in obstetrics and gynecology, including
improved health behaviors [23,24], weight management [25],
mental health problems [26], and postpartum depression [27]
in pregnant women. The effects of telemedicine as another
applied medical infrastructure have aso been reported to be
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associated with improved health outcomesfor high-risk obstetric
patients, including hypertensive disorders, diabetes, fetal
abnormalities, and pregnancy in underserved areas [28].

Evolution of FAIR-Compliant I nteroperability
Standards Through HL7-FHIR and SMART
Technologies

The critical challenge of health care datainteroperability, akey
issue in modern health care systems, the increasing volume of
health data necessitates efficient data-driven approaches to
improve various aspects of heath care, including disease
detection, prognosis, clinical research, and patient management.
However, the current landscape is characterized by data silos
and incompatible systems, hindering the seamless exchange of
information. Amid this current of events, the components of
FAIR digital objects can be represented in Health Level 7 Fast
Health Care Interoperability Resources (HL7-FHIR), thus
increasing their interoperability and reusability. Appropriate
FHIR profiles can further facilitate advanced search capabilities
based on extensive metadata, and easier access to the health
data capitalizing on the data model of HL7-FHIR [29].
Consequently, interoperability develops a communication
framework between noncommunicable systems, which can be
achieved by transforming health care datainto ontologies. Thus,
an effective solution is the development of methods for finding
matches among the various components of ontologiesin health
care, in order to facilitate semantic interoperability [30]. The
SMART (Substitutable Medical Applications and Reusable
Technologies) team initially sel ected platform componentsthat
suited our mission, emphasizing web standards (eg, HTML,
JavaScript, OAuth, and resource description framework) and
widely adopted terminologiesfor coded data (eg, RxNorm [31],
logical observation identifiers names and codes[LOINC] [32],
and Systematized Nomenclature of Medicine—Clinical Terms)
[33]. The remaining need was a standard for sharing granular
clinical data (eg, a prescription, lab result, or blood pressure
measurement) with adevel oper-friendly, semantically consistent,
on-demand (vs server-initiated messaging) approach. To expose
patient-level data according to these models [34], they built a
corresponding representational  state transfer application
programming interface (API) offering data access through a
fixed URL structureand HTTPverbs (eg, GET and POST) [35].
We added and refined our set of clinical statements and AP
calls over time to enable richer payloads with more expressive
gueries, which was achieved by transforming health care data
into ontologies. An effective solution to this problem is the
development of methodsfor finding matches among the various
components of ontologies in health care, in order to facilitate
semantic interoperability [36]. The patient-centric approach
through the $4S-Jin Japan is expected to guarantee the right to
data portability, which is a patient right, and at the same time
promote the maximum benefit of the utilization by the patients
themselves. Therefore, we have started clinical studies of the
mHealth app MQLink for hyperglycemic disorders in
pregnancy, which implements this EMR-PHR interoperable
interface S4S-Jon the datamode! of HL7-FHIR. Thisviewpoint
aims to report on exploratory research demonstrating the
feasibility of testing a patient-centric dataflow model facilitating
semantic interoperability on precision medical information.

https://www.i-jmr.org/2024/1/e57332
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Architecting Japan’s Digital Health
Evolution

Stratified Health Data in Japan

In the hedth care industry, large standards-developing
organizations have defined numerous standards, data formats,
terminologies, etc, in order to support the design and building
of interoperable I T systems. Perhaps the most well-known and
most important standards are the onesintroduced by HL 7, which
can be used as a foundation for the development of data
exchange standards among eHealth systems [37]. In 2022, the
Ministry of Health, Labor, and Welfare established HL7-FHIR
as a medical data standard regulation with the objective of
promoting theinteroperability of medical dataand implementing
the use of FAIR data [38]. In accordance with this Japanese
government policy, we developed an API with the objective of
achieving interoperability between EMR and PHR data. This
was based on the HL7-FHIR standard, with the use of the
LOINC terminology. Thisinterfaceisdistinguished by two key
features. a patient-centric data flow enabled by dynamic
e-consent named PPM, which facilitates personal data use
permissions, and the use of QR codes, which are specifications
readily implementablein the Japanese information environment
for data transport. Moreover, metadata uses LOINC, a
terminology focused on laboratory observations[36], in response
to thefunctional requirementsof M Q) Link-app embedded $4S-J.
Additionally, a data library has been implemented, converted
from the Japan Laboratory Analysis Code standard to LOINC,
which enhances the functionality of semantic interoperability.
Consequently, in this study, we have developed an M Q Link
using $4S-J and verified the effectiveness of the system. $4S-J
isaninterfacefor linking the warehouse data consisting of EMR
and patient-generated health data (PGHD) and converting it
into a QR code that can be scanned into a mobile app. $4S-J
complies with the HL7-FHIR standard and unifies medical
language with globally standardized terminology using LOINC.
Developed as an applied standard in the medical information
business, $4S-J is intended for medical applications in
cooperation with Mynaportal, Japan’s Public Individual Number
Card Service, and devel opment research and health care services
leveraging clinical information through secondary use of data.
Japanese medical information is stratified as follows (Figure 1
and Textbox 1). Tier 3 provides public information on taxation,
public medical insurance, and public health checkup systems
through the Individual Number Card Service; Tier 2 provides
FAIR data based on EMR-integrated PGHD with individual
consent for the enhancement of research; and Tier 1 provides
semanti c metadata empowers algorithm for precision medicine.
In the context of the rich metadata objects proposed by
Haslhofer and Klas [39], it has been suggested that metadata
instances may be extended using annotated semantic descriptors
drawn from various sources, including different ontologies,
terms, and coding systems. Meanwhile, in thisstudy, the priority
was on implementation and an approach was sel ected based on
an outline and classification of metadata interoperability
technology that would be optimal for the specific metadata
integration scenario. S4S-J control s data distribution mainly for
Tier 1 through Tier 2, making it facilitating the provision of
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purpose-built medical services to users, and at the same time
promoting the industrial secondary use of data for drug
discovery research. $4S-J and structured metadatawill be used

lzumidaet al

hyperglycemic disorders in pregnancy using the mHealth app
MQLink, and a clinical registry study will be conducted to
evaluate the usefulness of the system.

to provide precise telemedicine to pregnant women with

Figure 1. Stratified health data in Japan. Decreasing tiers represent information that has a stronger impact on the public, whereas increasing tiers
represent information that offers higher individual benefit. Further digitization is currently underway with the objective of semantics, and efforts are
being made to address issues of data collection and traceability in away that is easily understandable. DPC: diagnosis procedure combination; EMR:
electronic medical record; HL7-FHIR: Health Level 7 Fast Health care Interoperability Resources; ICD: International Classification of Disease; LOINC:
Logical Observation Identifiers Names and Codes; NDB: national database; PGHD: patient-generated health data; PRO: patient-reported outcome;
SNOMED-CT: Systematized Nomenclature of Medicine-Clinical Terms.

Increasing £
population impact

Increasing
individual benefit

Tier 1. Semantic metadata to empower algorithm
for precision medicine

/ \

Tier 2. EMR-Integrated PGHD with individual consent
for clinical and research enhancements

Y N

Tier 3. Information on medical insurance, medical administration,
and taxation by individual 1D

Y T

Textbox 1. Threetiers of stratified health datain Japan.

Tier 1

Semantic technologies provide a layer of metadata to content that allows computers to understand and make connections to it. The implementation
of semantic metadatafacilitates the enhancement of algorithms used for the computation of medical solutions, thereby advancing thefield of precision
medicine. In research and some commercial applications, the following data elements are being used to expand the metadata vocabulary with natural
definitions: (1) standardized medical termsand ontol ogies such as Systematized Nomenclature of Medicine—Clinical Term, International Classification
of Diseases, and Logical Observation Identifiers Names and Codes; (2) omics analysis, including genome, transcriptome, proteome, metabolome, and
metagenomics; (3) amino acid composition, fatty acid composition, vitamins, trace metals, etc, as dietary nutrients; and (4) external environmental
factors.

Tier 2

Electronic medical record (EMR)-integrated patient-generated health data (PGHD) is in accordance with the Health Level 7 Fast Hedlth care
Interoperability Resources standard, and upon obtaining el ectronic consent for the use of personal information, it isaccessiblefor utilization of primary
data for telemedicine and mHealth. Furthermore, it will serve as a valuable source of secondary data for the development of new health care services
and research initiatives in academic and industrial settings. The data set includes medical data, such as patient interviews, blood biochemistry, and
images (x-rays, computed tomography, magnetic resonance imaging, endoscopes, and ultrasound sonography), as well as PGHD (biological sensor
data such as number of steps, sleep, oxygen saturation, blood pressure, body temperature and electrocardiogram, nutritional intake data, patient-reported
outcomes (PROs), and electrograms). Additionally, the data set incorporates nutritional intake and PROs.

Tier 3

Information on medical insurance, health administration, and taxation, based on Mynaportal, the government’s individual number in Japan. The
Mynaportal is only active for specified purposes as defined by legislation: (1) social security, including pensions, medical insurance, and welfare
services, (2) taxation, including income tax returns and withholding certificates; and (3) disaster policy, including support for disaster survivors. The
preliminary set of medical data serves as a reference point for the standardization of data exchange between EMRs. It encompasses the medical
information provision form, discharge summary, health checkup result report, disease or injury name, allergy, infectious disease, contraindicated
drugs, chemical examinations, and prescription information. The data comprising Tier 3 is stored in the NDB, and the statistical data are accessible
to the public. These include (1) diagnosis procedure combination data, (2) information on specific health checkups, and (3) health guidance.

The system information structure and design of S4S-Jare shown
in Figure 2. The simple QR code system was specifically
designed to interoperate the EMR among major obstetric
medical record systems with the S4S-J cloud data warehouse.
It covers the requirements of third-party organizations for the

An EMR-PHR Medical Information Interoperable
Interface: $4S-J

S4S-Jis an interface that has three main functions tailored to
the actual situation of medical information sharing in Japan.
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primary use of medical information by medical providers and
medical services (eg, online medical care and interhospital
sharing of medical information) and secondary use in research
and development (eg, drug discovery research and devel opment
of new diagnostic equipment): (1) medical information sharing
within QR-coded EMR, (2) conversion to LOINC as a global
standard terminology, and (3) privacy data provision based on
the consent of using personal information by PPM [11]. $4S-J
exports the EMR of various EMR vendors in the form of QR
codes by converting them into JSON bundles in compliance
with the HL7-FHIR and SMART hedlth cards standards.
SMART health cards are verified versions of your clinical
information, such as vaccination history or test results. They
allow you to keep a copy of your important health records on
hand and easily share thisinformation with othersif you choose.
SMART health cards contain a secure QR code and may be
saved digitally or printed on paper, which isencoded as compact
serialization JSON web signatures (Figure 3) [40]. For enhanced
security of personal information and to prevent accidental
exposure, $4S-J implements SMART health cards compliant
with RFC7515 (JSON web signatures) in a format enhanced

lzumidaet al

with encryption based on RFC7516 (JWE) to prevent QR codes
from being read by anyone other than the person in the QR code.
The QR code, which is the key for personal identification, is
output at the same time and can be scanned via mobile app to
read the EMR when the personal code is authenticated and the
verification is confirmed. (Figures 4 and 5). This eliminates
unintended and dishonest access. Japan Laboratory Analysis
Code, a clinical laboratory code established by the Japanese
Society for Laboratory Medicine, and medical information and
others are converted to the international standard terminology
LOINC. The user can choose to share the data with health care
providers, government health agencies, private services, and
research and development organizations according to the
preferences of the patient’sinformation use and contact various
services. In this process, we have designed an easy-to-use
interface to obtain informed consent el ectronically, using videos
to provide clear explanationsand aid in understanding. Consent
can be withheld completely or temporarily for privacy with the
ability for dynamic consent to adjust to changesin patient intent
over time (Figures 6 and 7).

Figure 2. The information circulation on S4S-J interface EMR standardized in the HL7-FHIR, SMART health cards and oneM2M aligned LOINC
terminology is converted to a QR codes. The QR coded EMR is captured by the patient's mobile app and processed with PGHD into a JSON bundle
according to the Smart health cards standard to output structured EM R-integrated PGHD, which is stored in acloud datawarehouse. Healthcare providers
download the metadata and EMR-integrated PGHD via the cloud data warehouse and access highly detailed and rich clinical data to provide precise
telemedicine. In the aspect of research promotion, data distribution with the consent of personal information use is available through $4S-J, and it is
easy to analyze aggregated EM R-integrated PGHD as a resource for research and devel opment.
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Figure 3. The FHIR bundle consists of EMR-integrated PGHD. EMR-integrated PGHD are converted into JSON bundles in compliance with the
HL7-FHIR and SMART health cards standards. The medical information contained in the payload portion of the Smart Health Cards, such as* hospital,”
“patient,” and “infectious disease test,” are described as an array in the “entry” field of the “bundl€”’ resourcein HL7-FHIR. The entire datais bundled
asa“bundle’ resource, and the resource type is “ document” according to the Medical Information Form HL7FHIR Description Specification (Version
1). The“composition” resource at the beginning of the “entry” inthe“bundle” serves asthetable of contents contained in the bundle. Behind it, medical
information expressed as resources are lined up. Medical and laboratory data such as*blood pressure” and “blood sugar” are represented as*“ observation”
resources. EMR: electronic medical record; HL7-FHIR: Health Level 7 Fast Health care Interoperability Resources; PGHD: patient-generated health
data; SMART: Substitutable Medical Applications and Reusable Technologies.
{

"resource Type": "Bundle”,
"type": "document”,
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Figure 4. UI/UX of the mHealth web app system M QLink. User interface for data sharing indicating the number of patient consent forms obtained
and HPs authorized to share their data. HP: health care provider; Ul: user interface; UX: user experience.
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Figure 6. Uploading the EMR-integrated PGHD to the cloud data warehouse via QR codes. EMR-integrated PGHD are captured in the app through
QR codes, displayed in the UI/UX, and stored in the cloud data warehouse. EMR: electronic medical record; PGHD: patient-generated health data; Ul:

user interface; UX: user experience.

Scan QR Code

Figure 7. Displaying acquired dynamic e-consent. Explanatory movie for patients embedded in the mobile app explains how the data will be used,
what users can access the wider medical service, and how data sharing will contribute to research and drug discovery through dynamic e-consent.

A System Design and I nformation Framework for
mHealth Solutions: TheM QLink App

The system was developed in a robust working environment
with awell-detailed specification. During the devel opment, we
have used various tools and software to ensure security and
efficiency in the system. The development environment
consisted of a cloud data warehouse built on Amazon Web
Services. Other software tools such as Firebase (Google) for
push notification services and Twilio [41] for messaging have
been used to enhance the system’s capabilities. The hosting
repository being used is GitHub, and to enable automated testing
and deployment continuous integration and continuous

https://www.i-jmr.org/2024/1/e57332

RenderX

deployment pipelines were implemented using Kubernetes
(Google). The backend of the system was built using Hasura
[42] which provides aready-to-use GraphQL API on top of the
PostgreSQL database [43]. PostgreSQL served as the primary
database, chosen for its reliability and powerful querying
capabilities. The web application frontend was devel oped using
React.js and the ant-design library (Figure 8). We aso have
developed the Android and iOS versions using React Native, a
well-known JavaScript library for building hybrid mobile apps.
The system integrated various third-party APls and servicesto
enhance its functionality. This included the use of “Calomeal
API” [44] which is a food image analysis and which
incorporated an API. The system also used the React Native
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Healthkit package to enable synchronization with Google Fit
and Apple Health. We have been performing regular security
audits including cloud application security assessments and
network vulnerability assessmentsto identify potential threats.
In terms of use, the system collects various types of PGHD,
such as blood glucose levels, insulin dosage, and nutrient and
calorie intake. It also includes medical records like ultrasound
fetal predicted weight and maternal weight, and the medical

lzumidaet al

information is mapped using HL7-FHIR format and converted
into QR codes. Thisallowsfor easy capturing and incorporation
of data into the cloud via the mobile app. Users can scan QR
codes to register their medical information. With user
permission, this information can be shared with health care
providers through the web application. All data, including
symptoms, nutrient intake, and medication-related behaviors,
are stored in a cloud data warehouse.

Figure 8. Setting up data sharing based on individual decisions through dynamic e-consent. Left: checkboxes allow selecting HPs with which to share
data. Right: dynamic e-consent for secondary use of data; the UI/UX facilitates the secondary use of data by showing the attributes to be used, including
PGHD, medical history, clinical biochemical values, ultrasound values, and clinical physical values, and the attributes of the recipients, such as HPOs,
government health agencies, academia, industry, and other organizations. HP: health care provider; HPO: health care provider organization; PGHD:

patient-generated health data; Ul: user interface; UX: user experience.

o il T -

( Setting Data Sharing Destination

Please check the organization (s} that you would

ke to allow access Lo your personal data in Miink

Patient-Centric Digital Health
Implementation in Maternal Care

End-to-End Quality Evaluation for Patient-Centric
Data Flow in the $4S-J and M QLink App
Architectures

An end-to-end evaluation was conducted from the user's
perspective to ascertain the quality control of each system
component as an integrated ecosystem demonstrating the
functionality of the patient-centric data flow. In particular, the
patient-centric data flow was implemented in accordance with
the following customer journey. First, health care providers
enter the patient’s medical data into the EMR and upload data
such as ultrasound measurement findings and biochemical test
results. Medical information from EMRs s converted into QR
codes compliant with S4S-Jand generated in the EMR systems
of four major EMR vendors for obstetrics and gynecology in
Japan (MITLA Co, Ltd, NEWWAVE Co Ltd, TAK Co, Ltd,
and TOITU Co, Ltd) at multiple medical facilities. Second, the
QR codes were scanned on the M Link app, and the PGHD,
comprising nutritional intake, blood glucose levels, insulin
administration information, and pati ent-reported outcomes, were
entered. Third, at multiple medical institutions, health care
providers who had obtained consent for the primary use of
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Setting of Data Items

patient data entered this datainto the M O Link web app screen
and proceeded to provide medical care based on the large
volumes of precise data.

In consequence, the end-to-end evaluation reveal ed issues that
had not been identified during the system test. Theseissuesare:
(2) the attributes for standardized datain the datalibraries used
by each EMR vendor differed, resulting in discrepancies
between companies and varying definitions of the details of
medical information in some cases. (2) The presence of multiple
QR codeswithin the samefield of view when scanning asingle
QR coderesulted in the interference of the recognition process,
whereby the individual codes were not recognized as a single
piece of information. Accordingly, the configuration of the QR
code required refinement, and the precision of the reading
functionality also necessitated enhancement. (3) In some
instances, the reliability of certain entries, specifically
“measurement time” and “before or after meal,” in the PGHD
was not optimal. This led to the modification of the user
interface and user experience to a function that automatically
determined the label based on the time. The patient-centered
data flow was confirmed to be functioning while maintaining
consistency with the functions of the S4S-J AP, following the
overcoming of the obstacles. Moreover, it was demonstrated
that this API optimizes the functions of the M Link app and
aligns with the functiona requirements of various obstetrics
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and gynecology EMR vendors, facilitating an effective and
streamlined information flow.

Implementation of the Pilot Study

Since 2022, a multicenter collaborative registry study
(JRCT1030220452) and since 2023, a multicenter randomized
controlled trial, the Efficacy of M QLink based telemedicine
on GDM in a randomized controlled trial (EMBRACE
JRCT1032230258), have been conducted after receiving research
ethicsapproval of SaitamaMedical University, SaitamaMedical
Center, Clinical Research Review Committee (SOU2023-014).
A mobile cloud network was established between three
obstetrics and gynecology hospitals and a core university
hospital to facilitate data collection and analysis. The
participants are women with hyperglycemic disorders in
pregnancy, and we have established a treatment style in which
the pregnant women receive concurrent medical outpatient
treatment via web-based medical service while attending
obstetrics and gynecology departments. Using this app, online
medical care in the form of mHealth, rea-time blood glucose
levels, nutrient and cal orieintake, and medical information from
the EMR-derived OB/GY N, such asestimated fetal and materna
weight, are displayed for diagnosis and decision-making by
health care providers, aswell asmedical instructionsfor insulin
dose adjustment and nutrient intake. Text-style messages were
exposed viathe app 1-2 times per week, sometimes as needed.
In order to facilitate in-depth counseling, health care providers
have implemented the use of the app through SMS text
messages, with the objective of achieving high app retention
rates. These strategies are designed to enhance pregnant
women's motivation for treatment and adherence to app use.
The data disclosed and provided by patients as PGHD and the
number of stepstaken, aswell as QR code-generated EMR and
the hierarchical metadata could be generated.

Thefirst feature is that the participants were pregnant women,
a homogeneous target population, which tends to minimize
variation in information and communication technology (ICT)
literacy and makesthe study design less susceptibleto individual
differences in app use skills. Even in the differences between
genders, it has been shown in previous studies examining gender
differencesin ICT literacy that thisis a significant difference
in favor of women scoring higher on cognitive measures of
computer use frequency, perceived ICT skills, and attitudes
toward computers [45]. Compliance was aso high, despite a
limited understanding of gestational diabetes mellitusand dietary
requirements and why changes were necessary [46]. M oreover,
almost without exception, patients negatively recalled the
process of measuring blood glucose multiple times a day and
taking medications during pregnancy but recognized and showed
resilience in making this work for the baby’s health. Women
reported that health care providers could recogni ze that maternal
health increases motivation for lifestyle changes during
pregnancy that directly affect the baby [47]. As in previous
reports, pregnant women actively participated in telemedicine
using the app and then received mHealth on a patient-centric
data flow infrastructure.

https://www.i-jmr.org/2024/1/e57332

lzumidaet al

Discussion, Issues, and Limitations

Patient-Centric Approach to EMR-PHR Integration
Within Social and Technical Constraints

In Japan, standardization of data distribution was adopted in
2022 asastandard by the Ministry of Health, Labor and Welfare,
and is integrated in the HL7-FHIR standard, aiming to spread
standardized electronic medical information and exchange
systems. As a pilot operation, 3 documents and 6 pieces of
information are provided: medical information including the
name of injury or disease, allergy information, information on
infectious diseases, and information on contraindications to
drugs, examination information (tests useful in emergency
situations, tests related to lifestyle-related diseases); and
prescription information. For example, documentary information
includes the following forms: medical information form,
discharge summary with key images, and health examination
results report. Nevertheless, the regulation of interoperable
common API in Japan, defined as Sync for Science ($4S) in
the United States, hasyet to be officially rel eased by the relevant
bureau or enterprise organizations. Consequently, each tier of
siloed data remains underused for research in academia and
industry.

AS-Jis endorsed by the Japan Agency for Medical Research
and Development and distributed by the Life Course Design
Consortium, a multistakeholder consortium consisting of
telecom, pharmaceutical companies, medical devices, academic
organizations, and academia. This common interface that
provides interoperability for EMR-PHR is compliant with
HL7-FHIR and SMART health cards as standardization and
enablesthedistribution of EMR and PGHD in a patient-centered
manner. Because of avoiding subordinated to proprietary
systems or applications defined by exclusive standards, $S4S-J
is characterized by converting EMRs to QR codes for
patient-centered mobile circulation, which takes into account
the tendency of notions that medical information stakeholders
intend in Japan. Health care providers in Japan are hesitant to
actively connect medical information to the loT, preferring
isolated networks due to concerns about cybersecurity and
information disclosure [48]. Mobile and wearable devices are
increasingly being devel oped for health care purposes. mHealth
data includes persona health data collected from sensors and
mobile apps. mHedth data and metadata standardization
improves the ease of data aggregation and location accuracy
(semantic interoperability) and reduces the cost of using this
datafor biomedical discovery, healthimprovement, and disease
management [49]. Standardization of data aong the entire
PGHD integration pipeline is critical to ensure that it is
device-independent, modular, flexible, versatile, and therefore,
low-cost to integrate into clinical workflows [50]. For health
care provider organi zations, standardization will makeit simpler
to integrate data into workflows and write easily to EMRs for
billing purposes. EMRs in the United States are currently
required by law to support HL7-FHIR data and protocol
standards [51]. As a schema to promote research and
development. $4S has collaborated with Harvard Medical
Schooal, various EMR vendors, and the US Federal government
(National Institutes of Health and the Office of the National
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Coordinator for Health IT). $A4S is a technology that alows
individuals to donate electronic clinical and health data to
biomedical research studies, which provides the ability for
participantsto sharetheir el ectronic health record—based clinical
health data with selected research programs via an open,
read-only API. The $4S AP is based on the HL7-FHIR and
OAuth 2.0 standards. The A4S API isbeing developed to allow
applications to use OAuth 2.0 to provide read-only access to
all or aportion of electronic personal health information about
apatient available through the health care provider organization
patient portal via the patient’s authentication credentials [52].
PGHD aggregation servicesthat provide standards-based PGHD
integration have a critical role to play in the transition from
today’s siloed and friction-prone data ecosystem to africtionless,
interoperable system appropriatefor patients. Health careleaders
responsiblefor telemonitoring and other PGHD programs should
explore and adopt a pipeline-based approach to standardize the
integration of PGHD into clinical care[50]. Likewise, in Japan,
data mapping with HL7-FHIR enables the integration of
EMR-integrated PGHD, and data portability using QR codes
provides the option of building a data flow that is adapted to
Japanese usability. Moreover, the value sets are standardized
using LOINC terminology. Meanwhile, since digital distribution
in $AS-J is a patient-centric data flow, the amount of data
distribution islimited by patient refusal to provide dataand the
frequency of data provision. The decline in adherence leads to
loss of data provision opportunities and poor data quality. This
means that health care providers need to encourage users to
provide accurate data, record high-quality datain a text-based
manner, and control the quality of data flow through frequent
communication. Agreement and trust in data handling between
patients and health care providers will enable the generation of
well-structured, highly useful EMR-integrated PGHD and enable
health care providers to provide precise health services based
on a patient-centric data flow system. In that context, a key
factor is for health care service providers to offer services that
are attractive enough for patientsto willingly providetheir data,
and to promote services that are mutually beneficial to both
patients and health care providers in order to strengthen
patient-centric data provision.

Gender-Specific Advantages and Clinical Safety of
Telemedicine I nterventions

In considering application differences arising from gender
differencesin this study, the resultsindicated that young women
outperformed men in the overall higher ICT literacy test score
in a study that was administered to Norwegian students [53].
According to the results of multigroup confirmatory factor
analysis, the test had sufficient measurement invariance across
genders to alow the researchers to make meaningful
comparisons. The comparison revealed that girls were more
ICT literate than boys. The impact of gender differencesin the
use of ICT applications (annotated multimedia electronic
readers) was al so tested in pre- and postclassroom learning. The
results show that women use learning tools more frequently
than men [54]. These aso suggest that the use of ICT
applications for pregnant women may be agood indication and
an effective treatment target.

https://www.i-jmr.org/2024/1/e57332
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As an intervention effect of the one-directiona messages
through a mobile phone, it significantly improved physical
activity, healthy eating, and medication adherence in chronic
heart disease patients. In addition, more people may also control
cardiovascular disease risk factors by following the
recommendations via messages. The intervention group was
62% more likely to control al five risk factors according to
recommendations[55]. Likewise, in perinatal care, Text-4-Baby,
another telemedicine service for pregnant women and its SMS
text message service, was also associated with improvements
in women's health behaviors and attitudes toward parenting
[56,57]. Thus, health outcomes in telemedicine could prove to
be noninferior to traditiona face-to-face care in the perinatal
period. For example, the prenatal and newborn guidelines,
education, and learning system of one of thelargest telemedicine
obstetric care programs providing telephone consultation
servicesto pregnant women in the United Stateswas as effective
as traditional face-to-face services [58,59]. In the safety issue
of telemedicine, programs involving  synchronous
videoconferencing were not associated with an increased risk
of health complications or medical adherence compared to
traditional outreach programs[56,60]. In aonline obstetricsand
gynecology consultation servicein Japan, telemedicine services
using multiple communication tools, such as chat messages and
voice calls, have also been shown to be clinically safe[60]. The
interim analysis of the registry using M Q) Link suggests that it
may improve postprandial blood glucose and improve target
range (data not shown), however, there are limitations due to
the small number of cases and the retrospective nature of the
study and also suggests that further research is needed to
evaluate the effect of telemedicine using EM R-integrated PGHD
on the incidence of perinatal complications such as preterm
birth or cesarean section.

Limitations and Future Directionsin Patient-Centric
Health Data Systems

In $4S-J, metadata is mapped in accordance with HL7-FHIR
standards, and instances are executed as part of the process. In
this study, an objective evaluation was not conducted using
statistical measures typically used to assess the reliability of
agreement between multiple raters, such as Fleiss k statistics
[61]. This limits the ability to validate the appropriateness of
metadata harmonization. The patient-centric data flow
commences with the acquisition of consent to access personal
data, which is contingent upon the appeal and consistency of
the services provided as use cases. The study did not use
statistical methods to verify the dropout rate or the reliability
of the services provided, necessitating further analysis. In the
implementation of data distribution adapted to usability in each
country, it isimportant to introduce a system that ensures data
security and reliability according to habitual backgrounds in
digitalization. Over the future, a patient-centric approach will
enable mHealth to effectively provide advanced health care
services with EMR-integrated PGHD and metadata, both for
the patients themselves and for health care providers and
researchers.
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Conclusions maximum benefit for patients themselves, which in turn will

A QR code-based EMR-PGHD interoperable interface, s4S-J, develop as an applied standard in hedlth care services and
was launched in the medical field in Japan. S4S-J constructs a contribute to open science through the_ secondf'ary use of plata in
mobile cloud network designed for Japan's medical situation Japan. In the near future, ametad_atamtegratlon scenario will
that enables data sharing based on personal choiceswithappv e selected that allows for ageneric metamodel approach to be
for siloed I0T systems. In accordance with Japaneseinformation used, with the objective of creating an information infrastructure
handling practices, the development of amobile cloud network ~ that enables deep semantic understanding. In order to achieve
through SAS-J is expected to lower barriers to entry and IS Objective, it would be prudent to adopt a metamodel
accelerate information sharing. To ensure cross-compatibility ~ aPProach that is based on 5 key characteristics: extensibility,
and compliance with future international data standardization, medularity, refinement, multilinguaism, and ~machine
S4S-Jcomplieswith the HL 7-FHIR standard and unifiesmedical  Processability [62]. Concurrently, efforts should be made to
language using globally standardized terminology viaLOINC, develop @ sustainable information society through the
The patient-centric data flow of the S4S-Jin Japan is expected  |MPlementation of green computing practices, in response to

to guarantee the right to data portability and promote a € growing concern over energy consumption and global
warming [63].
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Abstract

Background: Thereis considerable evidence of the burden of care encountered by informal caregivers of persons with severe
and enduring mental health conditionsin low- and middle-income countries. Previous studies have highlighted the need to support
these informal caregivers as key playersin the care of these patients. To date, limited evidence exists on the extent and types of
strategies for supporting these informal caregiversin low- and middle-income countries.

Objective: This scoping review aims to identify and describe the extent and type of evidence on the existing strategies for
alleviating the burden of care among informal caregivers of persons with severe and enduring mental health conditions in low-
and middle-income countries.

Methods: A systematic literature search was completed foll owing the Joanna Briggs I nstitute methodol ogy for scoping reviews.
The participants, concept, and context framework was used to guide the search for literature sources across 5 databases. PubMed,
MEDLINE, CINAHL, and PsycINFO for published literature and ProQuest for unpublished literature. This review included
studiesthat reported on strategiesfor aleviating the burden of care among informal caregivers of personswith severe and enduring
mental health conditions, with afocus on studies that evaluated or recommended caregiver interventions and support strategies
in low- and middle-income countries. The search was limited to studies conducted between 2001 and 2021, and only papers
written in English were considered for inclusion. Using the Covidence software (Veritas Health Innovation), 2 reviewers
independently screened the papers, applied theinclusion and exclusion criteria, and met biweekly to discuss and resolve conflicts.
The relevant studies and reported outcomes were summarized, organized, and analyzed descriptively using humeric summary
analysis and deductive content analysis.

Results: Of the 18,342 studies identified, 44 (0.24%) met the inclusion criteria. The included studies were from 16 low- and
middle-income countries in Asia, Africa, Europe, and South and North America. Most studies (21/44, 48%) were randomized
controlled trials conducted in Asian countries. The identified strategies were grouped into 2 categories. implemented and
recommended intervention strategies. |dentified strategiesincluded community-based interventions, psychoeducation interventions,
support groups, cognitive behavioral therapy, spirituality-based interventions, and smartphone-based interventions. In addition,
mindfulness and empowerment, collaborative interventions, standard care, financia and socia support, counseling, occupation-based
interventions, policy and legislature, and access to mental health care were identified. Psychoeducation and support group
interventions were identified as common strategies for alleviating the burden of care among informal caregivers of personswith
severe and enduring mental health conditions.
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Conclusions: Thisreview provides evidence on the types of implemented and recommended strategies for alleviating the burden
of care among informal caregivers in low- and middle-income countries. Although psychoeducational interventions were the
most preferred strategy for alleviating burden, their benefits were short-lived when compared with peer-led support groups.

International Registered Report Identifier (IRRID):

(Interact J Med Res 2024;13:e48587) doi:10.2196/48587
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severe mental disorders; informal caregivers, caregiver stress; caregiver support; low- and middle-income country; mobile phone

Introduction

Background Functional Implications of Severe and
Enduring Mental Health Conditions

People with severe and enduring mental health conditions are
unable to cope with the demands of everyday life and need care
after being discharged from ahealth facility. Serious functional
limitations frequently interfere with the ability of people with
severe and enduring mental health conditions to perform
essential roles such as being aworker, family member, or friend
[1]. The lack of independence among people with severe and
enduring mental health conditionsin daily living activities and,
in some cases, behavioral problems result in poor quality of
life. Psychosis, bipolar mood, major depressive, anxiety, eating,
and personality disorders are often classified as severe and
enduring mental health conditions [2]. The amount of care
needed varies greatly depending on the diagnosis, severity of
symptoms, and level of independent functioning. As such,
assistance is needed in areas of basic self-care, healthy eating,
following daily routines, medication management and
compliance, engagement in meaningful activities, and
community integration. Therefore, informal caregivers are
essential to fulfill the care needs of people with severe and
enduring mental health conditions. Thistask becomesdraining,
and the caregiver burden should not be underestimated [3,4].

Informal Caregiversin Mental Health

Informal caregivers are people who deliver care without
remuneration to personswith achronic condition. The caregivers
of persons with severe and enduring mental health conditions
are most often family members or neighbors who assist with
the care of the person with amental health condition [5]. Dixon
et al [6] noted that, often, the caregiver of aperson with asevere
and enduring mental health condition does not have achoicein
being the caregiver, which is an additional burden of care for
the carer. Informal caregivers roles include monitoring
medication, being the contact person between the health provider
and family, early identification of signs of relapse, taking care
of daily tasks such as self-care, providing meals, and ensuring
the safety of the person [7,8]. Informal caregivers provide
emotional support when needed and deal with the challenging
behavior of the person with asevere and enduring mental health
condition, which may lead to policeinvolvement [9]. Involving
informal caregivers in the routine care and management of
persons with severe and enduring mental health conditions has
shown a positive influence on the course of the illness but only
if the caregivers’ needs are addressed and they are supported
in one way or another [5,6,10].

https://www.i-jmr.org/2024/1/e48587

Caregiver Burden and Need for Support

The burden of care experienced by caregiversis classified into
objective and subjective burden. Objective burden refersto the
tangibleimpact of the demands of caring tasks and encompasses
the practical and concrete aspects of caregiving that can be
quantified or assessed externally [11,12]. Subjective burden
refersto the emotional and psychological experiences, feelings,
and perceptions of caregivers related to their caregiving role
[8,13]. It focuses on how caregivers perceive theimpact of their
responsibilities on their well-being and mental health.

In low- and middle-income countries, objective burden can
easily overshadow subjective burden, such as a lack of
community mental health care services and clinics that are out
of stock of medication for people with severe and enduring
mental health conditions, causing relapse and often readmission
[11]. Other concrete aspects of objective burden, such aslong
hours of being available to the care recipient, time lost from
daily activities, and not being able to earn an income, have
serious consegquencesfor caregivers asthey are unableto pursue
their own goals in life and, accordingly, experience a lower
quality of life [9,12]. Cultural beliefs about being cursed by
ancestors [14] and stigma from health care professionals [15]
further aggravate the caring duties of caregivers, precipitating
objective burden. The objective burden of care isless reported
intheliterature than subjective feelings of burden. Many studies
have reported the subjective burden of care, which highlights
emotional distress and feelings of anxiety, depression, and
sadness related to the challenges of caregiving and witnessing
the struggles of their family member. Loss of freedom and
autonomy has also been reported owing to the demand of
caregiving [16]. Feelings of shame and social isolation stem
from the stigma of mental illness and cultural beliefs about
being cursed by ancestors. Caregivers can also experience role
strain asthey haveto juggle responsibilities at home, which can
cause fatigue and overall dissatisfaction in life [17]. Both
dimensions of burden are crucia for understanding the
challengesfaced by family caregivers of individuaswith severe
and enduring mental health conditions and play avita rolein
informing support strategies and interventions.

There is overwhelming evidence in the literature for the need
to support caregivers, and several studies from high-income
and low- and middle-income countries have indicated successful
strategies for alleviating caregiver burden. Studies on informal
caregivers of people with severe and enduring mental health
conditions in low- and middle-income countries have aso
increased over the past 10 years, and the burden of caregivers
has been well described [18-21]. Yerriah et al [16] reported on
the extent of the burden of caregivers of persons with
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schizophreniain rural South Africaand found that this sample
has a higher burden of care. A recommendation from this study
was to devel op strategies to support caregivers with the aim of
improving their quality of life.

Support Strategiesfor Caregivers

To date, anumber of strategiesto support caregivers have been
investigated with varying results. In Turkey, family-to-family
support programs have shown a positive impact on the burden
of care[22]. A meta-analysis by Chen et a [23] showed some
support for nonpharmacological interventions (mostly
psychoeducation) for caregivers of personswith schizophrenia,
but the authors reported a potentia bias in the results because
of the small sample size. In contrast, the systematic review and
meta-analysisby Sin et a [24] did not support psychoeducation
to improve compliance with treatment and prevent relapse in
persons with psychosis, and they reported a lack of available
data; thus, no meta-regressions could be conducted. Ewertzon
and Hanson [18] conducted a narrative review and identified
provision of knowledge, problem-solving, stress management,
mutual support groups, and individual-support interventions as
successful support interventions for caregivers. Finadly, a
systematic review by Napa et al [25] revedled that there is
insufficient evidence of interventionsfor psychological distress
and expressed emotionsin families of personswho experienced
first-episode psychosis.

Thereislimited evidence of web-based health care servicesand
digital health technologies for supporting informal caregivers
of individual swith severe and enduring mental health conditions
[26]. Sin et a [27] developed an eHedlth intervention called
Carersfor Peoplewith Psychosis e-support, but its effectiveness
has not yet been investigated. Ploeg et a [28] conducted arapid
review of web-based interventionsto improve general caregiver
outcomes. More than half of the 17 included studies showed a
positive outcome for decreased depressive symptoms, stress,
and anxiety among caregivers. If virtual strategies can support
caregiversinrura areas, they may be afeasible method to reach
people in remote areas who have poor access to health care.

Informal caregivers in rural or remote areas face additional
objective burdens such as poor access to services, lack of
integration of mental health into community health services
[29], and poor intersectoral collaboration. They often have to
wait long hours before any support arrives, and in many cases,
they have to deal with challenges with the limited resources
they have available.

If the types of intervention strategies that could be relevant for
low- and middle-income countries, how they wereimplemented,
and the outcome that was achieved were mapped, it could guide
health care workers to support informal caregivers on various
levels and with various strategies. The availability of virtual
support strategies could add another dimension of support to
caregivers, which may lead to additional positive outcomessuch
as immediate support, available information, and contact with
support groups. People with severe and enduring mental health
conditions benefit as they are most likely to receive optimal
care, and their relapse rate may decrease, which meanslessneed
for readmission in overextended mental health care wards or
hospitals. In addition, people with severe and enduring mental

https://www.i-jmr.org/2024/1/e48587
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health conditions may also experience a better quality of life if
their carersare supported. Thus, it isessential to understand the
strategies to alleviate informal caregiver burden and how these
strategies should be implemented.

This scoping review aimed to map the strategiesto alleviate the
objective and subjective burden of informal caregivers of
persons with severe and enduring mental health conditions in
low- and middle-income countries. The objectives of this
scoping review were to (1) identify the types of existing
strategies (virtual and face-to-face) for alleviating the objective
or subjective burden of care, (2) describe the characteristics of
the identified strategies, and (3) list the positive outcomes that
were achieved using the identified strategies.

Methods

Review Methodology

This scoping review followed the Joanna Briggs Institute
methodology specific to scoping reviews [30]. An a priori
protocol for this review has been published [31].

Review Question
The scoping review addressed two research questions related
to the strategies for aleviating the burden of care among

informal caregiversof personswith severe and enduring mental
health conditions:

1. Which existing strategies are reported in the literature for
alleviating the burden of informal caregivers of persons
with severe and enduring mental health conditions in low-
and middle-income countries?

2. What are the outcomes reported by the authors of the
strategiesfor alleviating burden among informal caregivers?

Eligibility Criteria
Participants

Studies were included if participants were informal caregivers
of persons with severe and enduring mental health conditions
in low- and middle-income countries. Studies that focused on
informal caregivers of patients diagnosed with Alzheimer
disease and dementia were excluded. This included family,
friends, neighbors, and community members who voluntarily
provided care without any remuneration. Studies that included
both informal caregivers and patients as participants were
considered for inclusion, whereas those that reported only on
patients were excluded.

Concept

Caregiver burden was defined as the physical, psychological,
emotional, social, and financial stresses of providing care to a
person with severe and enduring mental health conditions[32].
Severe and enduring mental health conditions in this scoping
review included the schizophrenia spectrum and other psychotic
disorders, bipolar and related disorders, mood or depressive
disorders, and personality disorders. Studies that investigated
strategies for alleviating caregiver burden were considered for
inclusion. This also included studies that investigated the
synonyms used to describe the burden of care among informal
caregivers, such as caregiver strain, stress, and role fatigue.
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Studies that reported on the burden of care without suggesting
strategies for alleviating it were excluded.

Context

Studies from low- and middle-income countries, including
countries in Africa, Asia, Latin America, and the Caribbean,
were considered for inclusion. In addition, theinclusion criteria
comprised studies from lower-middle-income countries using
the World Bank classification of the economic status of a
country at the time the study was conducted. The term
developing country was included as it is similar to
lower-middle-income country, and thus, countries in Africa,
Asia, and Latin America(including the Caribbean) weredigible
for inclusion.

Types of Sources

This review included published qualitative, quantitative, and
mixed methods studies with all types of designs as well as
unpublished studies, including dissertations and theses. Over
the last decade, there has been a growing body of knowledge
from studies outlining strategies for alleviating burden among
informal caregivers in low- and middle-income countries. As
a result, this review was only restricted to studies conducted
between 2011 and 2021. Only papers written in English were
included in this review.

Textbox 1. Search terms used in the databases.

Silaule et a

Search Strategy

A 3-step search strategy process was used to identify relevant
studies. The search strategy commenced with an initial limited
search of PubMed, MEDLINE, CINAHL, and PsycINFO for
published studies between 2011 and 2021. The keywords were
as follows. “[informal caregiver/s OR caregiver/s] AND
[caregiver burden OR caregiver stress)] AND [support
strategy/ies OR intervention/s] AND [severe mental disorder/s
OR mental illness] AND [devel oping country/ies].”

The second search was refined with the assistance of the
librarian at the University of the Witwatersrand, and additional
terms were added: “[Carers or ‘Informa Carers or ‘Male
Caregiver’ or Women Caregiver’ or ‘ Family Caregivers'] AND
[Caregiver* strain’ or ‘Caregiver *Exhaustion’ or ‘ Caregiver*
burnout’ or ‘ Carer* burden’] AND [ underserved’ or ‘ deprived’
or ‘middle-income’ or low income country].” On advice from
the librarian, gray literature such as conference presentations
and unpublished studieswas searched on ProQuest Dissertations
and Theses Global and public health and conference databases.
Finally, 2 reviewers (OS and DC) screened the reference lists
of theincluded articlesfor additional studies. Textbox 1 presents
the final list of search terms used to search published and
unpublished studies across all the selected databases in this
review. The identified references were imported into the
Mendeley reference manager (Elsevier) for screening.

‘Informal caregiver*’ or Caregiver* or Carers or ‘Informal Carers or ‘Male Caregiver’ or ‘Women Caregiver’ or ‘Family Caregivers or ‘Unpaid

Caregiver’ or ‘ Spouse Caregiver’ or ‘ Caretaker’ or ‘Older Caregiver’

AND

‘Caregiver* burden’ or ‘Caregiver* stress' or ‘Caregiver* strain’ or ‘ Caregiver * Exhaustion’ or ‘ Caregiver* burnout’ or ‘Carer* burden’ or ‘Carer*
stress’ or ‘ Caretaker* role fatigue’ or ‘Burden of Caregiver*’ or ‘ Caretaker* burden’ or ‘ Caretaker* load’ or ‘ Caregiver* Psychology’

AND

‘Strategy’ or ‘Strategies or ‘Intervention’ or ‘Procedure’ or ‘Programme*’ or ‘Management’ or ‘Protocol* Guidelines or ‘Guide’ or ‘Policy’ or

‘Policies

AND

‘Mental disorders or ‘Mental illness or ‘ schizophrenia’ or ‘ bipolar mood disorder’ or ‘ Major depressive disorder’ or  Psychotic disorder’ or ‘ Personality

disorder’ or ‘Bipolar affective disorder’

AND

(developing OR (less* N1 developed) OR “under developed” OR underdevel oped OR “under served” OR underserved OR deprived OR poor* OR
“middleincome” OR (low* N1income)) N1 (countr* OR nation* OR population* OR world)) OR ((developing OR (less* N1 devel oped) OR “under
developed” OR underdevel oped OR “under served” OR underserved OR deprived OR poor* OR “middleincome” OR (low* N1income)) N1 (countr*

OR nation* or population* OR world)) OR ((developing OR (less* N1 developed) OR “under developed” OR underdevel oped

Sour ce of Evidence Selection

Following the search, all identified citations were exported to
the Mendeley reference manager and thereafter to aweb-based
software, Covidence (Veritas Health Innovation), for primary
screening and data extraction from the selected articles.
Duplicates were removed, and 2 reviewers (OS and DC)
independently conducted the screening for titles, abstracts, and
full texts using theinclusion and exclusion criteria. To enhance
the reliability of the review results, the first 5 abstracts were
screened, and the 2 reviewers compared the screening results
and clarified conflicts. Following this, the criteriawere revised

https://www.i-jmr.org/2024/1/e48587

to ensure a detailed description of the various types of burden.
The remaining abstracts were screened, and comparisons were
made after 10 screenings to manage conflicts. The 2 reviewers
(OS and DC) proceeded to screen texts and extract data from
the selected articles. Any disagreementsregarding theinclusion
of the studies were resolved through discussion between the 2
reviewers.

Data Extraction

The Covidence software hastemplatesfor dataextraction. These
templates were modified using the data extraction tables
proposed by Peters et a [30]. To ensure the extraction of
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relevant data to answer the review question, these templates
were piloted by the reviewers before use. In total, 2 separate
data extraction templates (Multimedia Appendix 1) were used
to extract data from studies that implemented an intervention
and from studiesthat recommended interventions and strategies
for dleviating caregiver burden. Data related to the
characteristics of the studies were extracted, including study
title; study aims; citation details; population of interest; concept
of interest; context of the study, including the country and type
of setting; type of evidence sources; study approach and designs;
and participant characteristics, such as age, gender, and
diagnosis of the care recipients. In addition, information on the
characteristics of the interventionswas extracted. Thisincluded
the intervention content (ie, type of intervention, intervention
developer and deliverer, and type of burden targeted by the

Silaule et a

intervention). Theintervention description included the duration
of the intervention, number of sessions, and location for the
intervention. The templatesfor extracting the data are available
in Multimedia Appendix 1. The reviewers extracted the data
independently. Web-based meetings were held biweekly to
discuss and resolve any discrepancies in the extracted data.
Regular comparisons were easy and quick to conduct and
improved the consistency of the extracted data. After completing
the data extraction, the 2 reviewers scanned the references of
the included articles to ensure that no articles were missed.
Included and excluded studieswerereported in a PRISMA-ScR
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses extension for Scoping Reviews) flow diagram
(Figure 1).

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram.
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Focus on patients not caregivers (n=1)
No abstract or full text available (n=1)
— Out of date range (n=1)
Wrong outcomes (n=1)
Wrong study design (n=1)
E Studies included in review
= (n=44)
2
-
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Data Analysis and Presentation

Toincrease consistency inthedata, thisreview followed a 3-step
analysis process as proposed by Levac et al [33]. Thisincluded
analyzing the data, reporting the results, and applying meaning
to the results [33]. The first step was reviewing the extracted
dataand identifying thetype of datato be analyzed, which were
then grouped according to the objectives of the review. This
wasfollowed by identifying the type of analysisappropriatefor
the specific type of data and then analyzing the extracted data.
A descriptive quantitative analysiswas conducted in aMicrosoft
Excd (Microsoft Corp) spreadsheet to describe the
characteristics of the studies. Thisincluded the overall number
of studies, types of study design, years of publication,
characteristics of the study populations, countries where the
studies were conducted, and types of interventions. In addition,
descriptive content analysis was conducted deductively using
the NVivo software (Lumivero) to code the characteristics of
the extracted data into overall categories [34]. Data were
categorized into types of strategies—implemented and
recommended intervention strategies—and the outcomes of the
strategies aimed at alleviating the burden of informal caregivers
as reported by the authors. To enhance the clarity of the
emerging findings, the data were summarized and presented in
graphs and tables.

Results

Study Inclusion

A total of 18,323 studies were identified from the databases
using the keywords. In total, 19 additional studies were
identified from the referencelists of the included studies, thereby
bringing the total number of potentially relevant studies to
18,342. Subsequently, of the 18,342 studies, 256 (1.4%)
duplicates were removed, thereby leaving 18,086 (98.6%)
studies deemed relevant to the review based on the keywords.
A total of 98.83% (17,875/18,086) of these studies were then
excluded; this exclusion of numerous studies occurred because
of their incongruence with the predefined inclusion criteria,
such as instances in which the study did not pertain to a low-
or middle-income country context or in which the primary
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emphasislay on the patient rather than the caregiver. Therefore,
1.17% (211/18,086) of the studies were screened by title and
abstract based on set inclusion and exclusion criteria. Thisled
to the exclusion of 58.8% (124/211) of these studies from the
review. A total of 41.2% (87/211) of the studies were then
retrieved as full texts based on eligibility by screening their
titlesand abstracts. Of these 87 studies, 43 (49%) were excluded
for various reasons. 31 (72%) were not from low- or
middle-income countries; 3 (7%) did not specify theintervention
strategy; 2 (5%) focused on the wrong patient population; and
another 7 (16%) were excluded for being a clinical guideline,
focusing on patients rather than caregivers, having misaligned
outcomes and a study design within the exclusion criteria (eg,
review articles), being out of the date range of this review, the
full text being in a language other than English, and a lack of
an abstract and full text. Finally, 44 studies were included in
this scoping review. The PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) flow diagram was
used to present the selection of the studies (Figure 1). It took
approximately 8 months, from September 2021 to June 2022,
to carry out the study from conception to completion of the
project.

Characteristics of the Eligible Studies

Summary of Studies and Evidence Type

The included studies were published between 2011 and 2021.
Most studies (31/44, 70%) were published between 2016 and
2021, and 30% (13/44) were published between 2011 and 2016.
The types of studies included peer-reviewed journal articles
(40/44, 91%), research reports or theses (2/44, 5%), and opinion
pieces (2/44, 5%). Of the 44 included studies, 29 (66%b) reported
on a specific implemented intervention strategy, and 15 (34%)
outlined recommended intervention strategies aimed at
aleviating the burden of informal caregivers of people with
severe and enduring mental health conditions in low- and
middle-income countries. The study designs included
randomized controlled trials (21/44, 48%), quantitative studies
(15/44, 34%), quditative studies (3/44, 7%), mixed methods
studies (3/44, 7%), and gray literature (2/44, 5%; Table 1).
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Table 1. Characteristics of the included studies (N=44).
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Characteristic

Studies, n (%)

Summary of studies
Implemented strategy studies
Recommended strategy studies

Type of evidence
Journal articles
Research reports or theses
Opinion pieces

Year of publication
2011-2015
2016-2021

Study design
Randomized controlled trial
Quantitative design
Qualitative design
Mixed methods
Gray literature

29 (66)
15 (34)

40 (91)
2(9)
2(5)

13 (30)
31 (70)

21 (48)
15 (34)
3(7)
3(7)
2(5)

Context of the Studies

A total of 44 studiesidentified from 16 low- and middle-income
countriesin Asia, Africa, Europe, and South and North America
(Mexico) were included. The countries included China (12/44,
27%); Iran (10/44, 23%); India (5/44, 11%); Brazil (3/44, 7%);
Greece (2/44, 5%); Ghana (2/44, 5%); and Thailand, Nepal,
South Korea, Indonesia, Jordan, Mexico, Ethiopia, Turkey,
Botswana, and mixed countries (including Brazil, Iran,
Colombiaand Mexico 1/44, 2% of the studies each). As shown

in Table 2, mgjority of the studies with implemented strategies
(24/29, 83%) and those with recommended strategies (9/15,
60%) were from Asian countries. Overall, 7% (2/29) of the
studies each from Europe, South America, and North America
implemented the strategiesfor alleviating burden and 13% (2/15)
of the studiesfrom South and North Americarecommended the
strategies. Only 3% (1/29) of the studies conducted in Africa
implemented the strategies and 20% (3/15) of the studies
recommended the strategies. A study (1/15, 7%) from mixed
countries recommended the strategies for alleviating burden.

Table 2. Continents of the recommended and implemented strategies (N=44).

Continent Implemented strategies, n (%) Recommended strategies, n (%)
Asia 24(83) 9 (60)

Africa 1(3) 3(20)

Europe 2(7) 0(0)

South and North America 2(7) 2(13)

Mixed countries 0(0) 1(7)

Characteristics of the Study Populations

The targeted populations in the included studies were mainly
family caregivers (38/44, 86%), 7% (3/44) of the studiestargeted
informal carers, and some studies (3/44, 7%) did not specify
their targeted popul ation but rather identified them as caregivers.
Most studies (33/44, 75%) included both male and female
caregivers, and 25% (11/44) did not specify the sex of their
sample. Similarly, most studies (24/44, 55%) included both
male and female care recipients, only 2% (1/44) of the studies
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focused only on male care recipients, and 43% (19/44) did not
specify the gender of the carerecipientsincluded in the studies.
The diagnoses of the carerecipientsin theincluded studieswere
grouped into 6 categories: schizophrenia (17/44, 39%), mood
disorders (4/44, 9%), multiple diagnosesincluding schizophrenia
and mood disorders (5/44, 11%), mixed severe and enduring
mental health conditions (5/44, 11%), other psychotic and
chronic conditions (6/44, 14%), and unspecified mental disorders
(7144, 16%,; Table 3).
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Table 3. Characteristics of the study populations in the included studies (N=44).

Characteristic

Studies, n (%)

Population of interest
Family caregiver or caregivers
Informal carer or carers
Caregiver or caregivers
Carer or carers
Concept of interest
Caregiver burden
Family burden
Caregiver stress
Caregiver strain
Sex of caregivers
Mixed-gender groups (male and female)
Not specified
Gender of carerecipients
Mixed-gender groups (male and female)
Male
Not specified
Diagnosis of carerecipients
Schizophrenia
Mood disorders
Schizophrenia and mood disorders
Mixed diagnoses of severe mental disorders
Unspecified mental disorders
Other (drug dependency, psychotic disorders, and chronic conditions)

38 (86)
3(7)
2(5)
1(2)

18 (41)
16 (36)
9 (20)
1(2

33(75)
11 (25)

24 (55)
1(2)
19 (43)

17 (39)
4(9)
5(11)
5(11)
7(16)
6 (14)

Concept of Interest

The concepts of interest reported in the studies included
caregiver burden (18/44, 41%), family burden (16/44, 36%),
caregiver stress (9/44, 20%), and caregiver strain (1/44, 2%;
Table 3).

Review Findings
This section outlines the findings of the scoping review and
includes the types of intervention strategies, characteristics of

the intervention strategies, and author-reported outcomes from
theincluded studies.

Types of I ntervention Strategies

The various strategies for alleviating caregiver burden were
grouped into 2 categories: implemented and recommended
intervention strategies. Theimplemented intervention strategies
emerged from studies that investigated the effects of a specific
intervention to alleviate the burden of informal caregivers. The
recommended interventions were identified from studies that
investigated caregiver burden and outlined recommended
intervention strategies to be used to alleviate the burden of
informal caregiversof personswith severe and enduring mental
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health conditions. Most studies (29/44, 66%) reported on an
implemented intervention strategy, and 34% (15/44) of the
studies recommended strategies to alleviate caregiver burden.

Most of the studiesand articles (33/44, 75%) originated in Asia,
with 55% (24/44) implemented and 20% (9/44) recommended
intervention strategiesreported on, followed by Africawith 2%
(1/44) implemented and 7% (3/44) recommended intervention
strategies, South and North America with 5% (2/44)
implemented and 5% (2/44) recommended intervention
strategies, and Europe with 5% (2/44) implemented intervention
strategies (Table 2). A study from mixed countries only reported
recommended intervention strategies. The identified strategies
were grouped into the following categories. community-based
interventions, psychoeducation interventions, support groups,
cognitive behavioral therapy (CBT), spirituality-based
interventions, smartphone-based interventions, mindfulnessand
empowerment, collaborative interventions, standard care,
financial and social support, counseling, occupation-based
interventions, policy and legidature, and accessto mental health
care (Table 4 and Textbox 2). These categories are discussed
in the following subsections.
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Table 4. Description of the identified evaluated strategies for alleviating informal caregiver burden.

Type of strategy

Evaluated interventions

Author-reported outcomes

Community-basedinterventions

Psychoeducation interventions  «

Support groups .

Cognitive behavioral therapy

Spirituality-based intervention

Guided self-help interventions  «

Smartphone-based interven- .
tions

Mindfulnessand empowerment  «
interventions

Collaborative interventions .

Standard care .

CoMHIP?
RESHAPE?

Psychoeducation program
Group psychoeducation

FLEP®
Peer-assisted education

FPGP'
Family-led mutual support program

Emotional regulation training

Spirituality-based program

Manual-guided PBSP?
The Good Mood Guide

MHapps”
IEP

MBSR/ program

Participatory care model

Multimodal intervention (genera medicine, psy-
chiatry, psychology, family therapy, neuropsycho-
logical rehabilitation, and occupational therapy)

Positive outcomes (positive effects on family care-
givers)

Improved coping skills
Enhanced recovery

Improved QoLd

Knowledge and skill acquisition
Reduced burden of care
Reduced anxiety and stress
Reduced psychological strain
Enhanced family functioning
Relapse prevention

Reduced prolonged admissions
Negative outcomes (no efficacy on burden of care, QoL

or self-esteem among BM D€ caregivers)

Knowledge and skill acquisition

Enhance help seeking

Alleviation of guilt

Improved family and patient functioning
Decreased demand on mental health services
Improved psychosocial health

Improved QoL

Reduced burden of care
Reduced anxiety and stress
Increased resilience

Reduced anxiety and stress

Strengthened positive caregiving experience
Reduced negative caregiving experience
Increased access to support

None

Caregiver empowerment
Improved QoL

Decreased depressive symptoms
Increased self-efficacy

Reduced burden of care
Increased resilience

Reduced burden of care
Increased social support

8CoMHIP: community mental health early intervention project.
PRESHAPE: Reduci ng Stigma Among Healthcare Providers.
®FLEP: Family Link Education Programme.

onL: quality of life.
®BMD: bipolar mood disorder.

'FPGP: Family-led Peer Support Group Program.
9PBSP: problem-solving—based self-learning program.

M Happs: mental health apps.

IEP; integrated empowerment program.
JMBSR: mindfulness-based stress reduction.
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Textbox 2. Description of the identified recommended strategies for alleviating informal caregiver burden.

Community-based interventions

«  Strengthening existing primary health care system
«  Establishment of day nursing or care

. Respitecare

« Vocationa training for patients

«  Single-family caregiver organization

«  Supported employment for patients

« Homevisits

Psychoeducation interventions

«  Group psychoeducation

o  Family education

«  Continuing education programs for effective practice
«  Educational lectures

«  Psychoeducation program

Support groups
«  Nongovernmental mental health—related support groups

«  Family caregiver assistance programs

Cognitive behavioral therapy
o Family therapy groups

Spirituality-based intervention
«  Turning to traditional healers and spiritual leaders

Smartphone-based interventions
«  Menta health apps

Mindfulness and empower ment interventions

«  Stress management training

Collaborative interventions
o  Caregiver involvement in al program elements

« Plurdistic and ecological approach to service delivery

Standard care
«  Telepsychiatry

« Availability of emergency teams

Financial support
« Disability grant
o  Feefree mental health services

« Medical insurance and free medication

Social support
« Medica care social security

«  Social resources

Counseling
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« Basic counseling

«  Supportive psychotherapy

Occupation-based interventions

«  Physical and leisure activities

Policy and legislature
« National health insurance schemes

« Advocacy for astrong mental health policy

« Integration of caregiver actions and interventions into national mental health care plans

« Feefree mental health services

Accessto mental health care

o  Caregiver careinclusionin daily treatment facilities

« Accessto therapeutic tools

« Availability of mental health units or departments

«  Periodic health checks for caregivers (every 6 months on average)

«  Improvement in institutional mental health care

Psychoeducational | nterventions

The first strategy was psychoeducational interventions, which
was identified as the most common strategy implemented and
recommended to alleviate caregiver burden. A total of 27%
(12/44) of the studiesimplemented 4 different psychoeducational
interventions, including 58% (7/12) of these studies using a
psychoeducation program [35-40], 17% (2/12) using group
psychoeducation [41,42], 17% (2/12) using the Family Link
Education Programme [43,44], and 8% (1/12) of the studies
implementing peer-assisted education [45] (Table 4). Similarly
to the implemented intervention strategies, the recommended
psychoeducational  interventions  identified  included
psychoeducational programs, group psychoeducation, family
psychoeducation, continuing education programs for effective
practice, and educational lectures[7,46] (Textbox 2).

Support Group I nterventions

The second strategy was support groups. In total, 7% (3/44) of
the studiesimplemented support group strategies, including the
Family-led Peer Support Group Program, family-led mutual
support programs, and nongovernmental mental health—related
support groups [47-49] (Table 4). The recommended support
group strategies identified in this review included
nongovernmental mental health—related support groups and
family caregiver support programs [50-54] (Textbox 2).

Community-Based | nterventions

Community-based interventions were identified as a third
strategy to aleviate caregiver burden, and 5% (2/44) of the
included studies reported on implementing acommunity mental
health early intervention project and Reducing Stigma Among
Healthcare Providers[55,56] as community-based interventions
(Table 4). The recommended community-based interventions
included strengthening existing primary health care systems,
establishing day nursing or care for the care recipients, respite
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care, vocational rehabilitation training for patients, single-family
caregiver organizations, supported employment for patients,
and home visits[46,52,53,57] (Textbox 2).

Guided Self-Help I nterventions

A total of 5% (2/44) of the studiesimplemented guided self-help
interventions, namely, amanual-guided problem-solving—based
self-learning program [58] and the Good Mood Guide [59]
(Table4). No recommended guided self-help interventionswere
identified in this review.

Mindfulness and Empowerment | nterventions

Mindful ness and empowerment i nterventionswere implemented
in 5% (2/44) of the studies, and the programsimplemented were
amindfulness-based stress reduction program and an integrated
empowerment program [60,61] (Table 4). Stress management
training was identified as a recommended mindfulness and
empowerment intervention strategy in thisreview [7] (Textbox
2).

CBT Interventions

Emotional regulation training was the only implemented CBT
strategy identified in 5% (2/44) of the included studies [62,63]
(Table 4). The recommended cognitive behavioral strategy
identified in this review was family therapy groups [64]
(Textbox 2).

Spirituality-Based | nterventions

In total, 2% (1/44) of the studies implemented a
spirituality-based program for informal caregiversin which the
comparison intervention was 2 standard group training sessions
related to general mental disorders [65] (Table 4). Turning to
traditional healers and spiritual leaders was identified as a
recommended spirituality-based intervention for alleviating
informal caregiver burden [52] (Textbox 2).
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Participatory Care Model

In total, 2% (1/44) of the studies implemented a participatory
care model as a collaborative intervention strategy [66] (Table
4). Therecommended collaborative interventionswere caregiver
involvement in all program elements and a pluralistic and
ecological approach to service delivery [56,67] (Textbox 2).

Standard Care

The implemented standard care interventions were multimodal
interventions that encompassed general medicine, psychiatry,
psychology, family therapy, neuropsychological rehabilitation,
and occupational therapy with no comparison intervention [68]
(Table 4). The recommended standard care interventions were
telepsychiatry and ensuring the availability of emergency teams
[53] (Textbox 2).

Smartphone-Based | nterventions

Only 2% (1/44) of the studies implemented smartphone-based
interventions using mental health apps to alleviate the burden
of informal caregivers with no comparison intervention [67]
(Table 4). Although the study indicated the use of the mental
health appswith care recipientsand their caregivers, the specific
intervention offered was not described. No recommended
smartphone-based interventions were identified in this review.

Additional Strategies Recommended for Alleviating
Caregiver Burden

The additional recommended intervention strategies were
financial support, including the provision of a disability grant,
fee-free mental health services, medical insurance, and free
medication for care recipients [7,57,68]. The recommended
social support comprised medical care socia security and social
resources [52,54,56,57,69]. Recommended counseling
interventions comprised basic counseling and supportive
psychotherapy [64,69]. Occupation-based interventionsincluded
participation in physical and leisure activities [64]. Policy and
legislature recommended interventions comprised the
implementation of national health insurance schemes, advocacy
for astrong mental health policy, integration of caregiver actions
and interventions into national mental health care plans, and
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fee-free menta health services [53,62,68]. Finaly, other
recommended interventions were access to mental health care,
which considers caregiver care inclusion in daily treatment
facilities; access to therapeutic tools; availability of mental
health units or departments; periodic health checksfor caregivers
(every 6 months on average); and improved institutional mental
health care [35,52,54,67] (Textbox 2).

Characteristics of the | mplemented | ntervention
Strategies

Most of the implemented intervention strategies (18/29, 62%)
weretargeted at alleviating both objective and subjective burden,
and 38% (11/29) were exclusively aimed at aleviating
subjective burden. The intervention developers were reported
as being researchers based on evidence (13/29, 45%) and
researchers with expert input (5/29, 17%). In total, 28% (8/29)
were existing interventions implemented without any
adaptations, and 10% (3/29) of theinterventions did not specify
theintervention devel oper. Theintervention deliverersidentified
in the studies included trained peer facilitators (7/29, 24%),
researchers (7/29, 24%), psychiatrists and nurses (5/29, 17%),
multiple health care professional's (4/29, 14%), and psychologists
(3/29, 10%), and 10% (3/29) of the interventions did not specify
who delivered them.

The number of sessions offered in theimplemented intervention
strategies was between 6 and 8 sessions (13/29, 45%), <5
sessions (8/29, 28%), and =11 sessions (5/29, 17%), and 10%
(3/44) of the interventions did not specify the number of
sessions. The duration of the implemented interventions in the
studieswas 6 to 15 weeks (10/29, 34%), <5 weeks (7/29, 24%),
and =16 weeks (4/29, 14%), and 28% (8/29) of theinterventions
did not specify the duration. Most interventions (9/29, 31%)
were delivered once per week, some were offered twice aweek
(8/29, 28%), and some of the interventions (12/29, 41%) did
not specify the frequency of their sessions. The length of the
sessions in the implemented interventions ranged between 2
and 2.5 hours (8/29, 28%), 1 to 1.5 hours (6/29, 21%), and <1
hour (1/29, 3%), and 48% (14/29) of the interventions did not
specify the length of their sessions (Table 5).
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Table 5. Characteristics of the implemented strategies for alleviating informal caregiver burden (N=29).

Silaule et a

Study Year of Typeof inter- Typeof burden Interventionde- Interventionde- Number  Durationof Frequency Length
publica  vention targeted by the  veloper liverer of ses- interven- of sessions  of the
tion intervention sions tion per week  sessions

Ngetal [56] 2018 CoMHIP? Subjectiveand  Not specified TheIntegrated Notspeci- Not speci- Not speci-  Not

objective Community fied fied fied speci-
Centrefor Men- fied
tal Wellness

Rai et al [55] 2018 RESHAPE®  Subjectiveand  Developed as TPO' Nepal,a SSessions 4days Not speci- ~ Not

objectivebur-  part of WHOC Nepali non- fied speci-
den mhGAP? and governmental fied
PRIME® organization
Rajai et a 2021 Peer- assisted Subjectiveand Researchersand Trainedpeerfa- 6sessons 3 weeks Twice 1 hour
[45] education objectivebur-  approved by 3 cilitators weekly
den faculty members
of the Army Col-
lege of Medical
Sciences
Zhou et ad 2020 FLEPY Subjectiveand  FLEP: peer-led  Group facilitas  8sessions 8 weeks Once 2 hours
[44] objectivebur-  psychoeducation torswho were weekly
den program devel-  peer specialists
oped from the of experienced
stressand coping caregivers
model by Pearlin
eta [70]
Dewi et al 2019 Family psy-  Subjectiveand Researchers Researchers 3sessions 3 weeks Not speci-  35-40
[37] choeducation  objective bur- fied minutes
and caredeci- den
sion without
pasung

Tabeledoetal 2018 Psychoeduca- Subjectiveand  Not specified 10 psycholo- 6sessions Not speci- Not speci-  Not

[36] tion objective bur- gists fied fied speci-

den fied

Ntsayagae 2017 Psychoeduca- Subjectiveand  Researcher based Researcher 2sessions  Not speci-  Not speci-  Not

[40Q] tion objectivebur-  onexisting litera- fied fied Speci-

den ture fied

DeSouzaeta 2016 Psychoeduca- Subjectiveand  Psychoeducation- Psychiatristre- 6sessons 6108 Twice Not

[39] tion objectivebur- &l intervention sponsible for weeks weekly Speci-

den for patientswith  specific case fied

BD" by Colom et

a [71] tranglated

and adapted by

Dell-Aglioet a

[72]
Kolostoumpis 2015 Psychoeduca- Subjective bur-  Adaptedfromthe Psychiatristand 7sessons Not speci-  Not speci-  Not
et a [38] tion den treatment proto-  psychologist fied fied Speci-

col developed by fied

Reinares et al

[73] inthe

Barcelona Bipo-

lar Disorders Pro-

gramin Spain

Jessy and 2014 Psychoeduca- Subjectiveand Researcher based Researcher 5 mod- 10weeks  Twice 1 hour

Kalaimathy tion objectivebur-  on WHO guide- ules weekly

[35] den lines for educa-

tional interven-
tionsand existing
literature. Manual
trandated into
Tamil.
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Study Year of Typeof inter-  Typeof burden Interventionde-  Interventionde- Number  Durationof Frequency Length
publica  vention targeted by the  veloper liverer of ses- interven- of sessions  of the
tion intervention sions tion per week  sessions

Fallahi 2014 Group psy- Subjectiveand  Researchers Organized 4sessions 4 weeks Once 2 hours

Khoshknab et choeducation  objectivebur-  based on educa-  based on educa- weekly

a [41] den tional programof tional program

psychiatric nurs-  of psychiatric

ing and psychi-  nursing and

atric textbooks psychiatric text-
books (Camp-
bell [74]) and
converted to un-
derstandable
text for patients
and families

Navidianetal 2012 Psychoeduca- Subjective bur-  Researchers Psychiatristand 4sessions 4 weeks Once 2 hours

[42] tion den based onthefam- mental health weekly

ilies needsand  nurse
theexigting litera-
ture
Sharif et a 2012 Psychoeduca- Subjectiveand  Psychiatristand  Psychiatrist, 10 ses 5 weeks Not speci- 1.5
[75] tion objectivebur-  psychiatric nurse nurse, andguest sions fied hours
den based ontheliter- speakers
ature and needs
of the families
Chiueta [43] 2011 FLEP Subjectivebur-  Task forcecon-  Trainerswho 8sessions Not speci-  Once Not
den sisting of amen-  were them- fied weekly Speci-
tal heathsocial  selves family fied
worker, arecov-  members of
ered patient with  people with
editorial experi- g\l They re-
ence, and acae-  ceived training
giverbasedon  gng atrainer
availablerelated  anual.
local educational
materials and the
NAMI' Family-
to-Family pro-
gram
Chienet a 2018 Family-led Subjectiveand  Family-ledmutu- Family-led mu- 16 ses- 36 weeks  Twice 2 hours
[48] support pro-  objectivebur- @ support tual support sions weekly
gram den group—contents  group—co-led
were based on by 2 peer fami-
similar program  ly caregivers
protocolsand the alongwithare-
researcher-devel- searcher andre-
opedfamily mutu-  habilitation
al support groups nurse
for psychotic dis-
orders
Mentis et al 2015 Supportgroup Subjectivebur-  Nongovernmen-  Not mentioned Notspeci- Not speci-  Not speci-  Not
[49] intervention  den tal mental health fied fied fied Speci-
organization fied
(NGOMHK)
Chienet a 2018 Family-led Subjective bur- 6 expertson psy- Peerleaderwho 14 ses- 39weeks  Twice 2 hours
[48] mutual sup-  den chidgricrehabilita- receivedtrain-  sions weekly
port program tion (including ing fromthere-
psychiatrists, searchers and
clinica psycholo- worked closely
gists, and nurse  with agroup
specialists) leader who was
atrained psychi-
atric nurse
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Study Year of Typeof inter-  Typeof burden Interventionde-  Interventionde- Number  Durationof Frequency Length
publica  vention targeted by the  veloper liverer of ses- interven- of sessions  of the
tion intervention sions tion per week  sessions
Chien and 2013 FPGP Subjectiveand  Content and for-  Peer sup- 1l4group 39weeks Twice 2 hours
Chan [47] objectivebur-  mat werebased  port—peerlead- sessions weekly
den on previous pro-  er supported by
grams conducted principal re-
by Li and Arthur  searcher
[76] in mainland
China. Appropri-
ateness of the
content wasrated
by 7 experts, in-
cluding psychia-
trists, psycholo-
gists, and nursing
specialists.
Behrouianet 2021 Emotional Subjective bur-  On the basis of Clinicd psychol- 8sessions 8 weeks Once Not
al [62] regulation den the Dialectical ogist weekly Speci-
Behavior Thera fied
py Skills Work-
book and CBT™
principles
Behrouianet 2020 Emotionregu- Subjectiveand  Sessions were Clinicd psychol- 8sessions Not speci-  Not speci-  Not
a [63] lation training objectivebur-  based on previ-  ogist fied fied Speci-
den ous studies fied
(Gratz and Gun-
derson [77]).
Trainings were
based on the Di-
aectical Behav-
ior Therapy
Skills Workbook
(McKay et d
[78]).
Faghih and 2019 CBT Subjective bur-  Researchers Researcher 16 ses 8 weeks Twice 15
Pahlavan- den based on existing sions weekly hours
zadeh [79] literature
Khosravi etal 2021 Spirituality-  Subjectivebur- Researcher Researcher 6sessions 8 weeks Twice 1 hour
[65] based progran  den weekly
Chienet a 2020 Manual-guid- Subjectiveand  Developed by Psychiatric 5 mod- 21 weeks  Not speci- Not
[58] ed PBSP" objectivebur-  McCann et a nurse ules fied Speci-
den [80] in Australia, fied
and its Chinese
translated version
wasvalidated and
refined by the re-
search team.
McCannetal 2015 Guided self-  Subjectiveand The Good Mood Researcher via 8 mod- 8 weeks Once Not
[59] helpmanual  objectivebur-  Guide developed telephone ules weekly Speci-
den by Lifeline South fied
Coast NSW°,
Australia
Debetad [67] 2018 Smartphone-  Subjectiveand  Researcher Psychiatrist Notspeci- Not speci- Not speci-  Not
basedinterven-  objective bur- fied fied fied Speci-
tions den fied
(MHapps)
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Study Year of Typeof inter-  Typeof burden Interventionde-  Interventionde- Number  Durationof Frequency Length
publica  vention targeted by the  veloper liverer of ses- interven- of sessions  of the
tion intervention sions tion per week  sessions

Hyun et a 2018 IEPY Subjective bur-  Developed by Mental health  4sessions 4 weeks Once 2 hours

[61] den Hyun et al [61] professionals weekly

for community-  who received
living PM1s training with a
based ontheem-  Written struc-
powerment theo-  tured interven-
ries of Kanter tion protocol
[81] and McLean from there-
[82] search team
Houeta [60] 2014 MBSRS pro- Subjectivebur- Not statedbutas-  3trainedindruc- 8sessions 8 weeks Once 2 hours,
gram den sumedthatthere-  torswith >3 weekly witha
searchersmod-  years of experi- CD of
eled the program encein MBSR 30-45
on the original minutes
MBSR by Kabat- for
Zinn [83] home
practice

Zoladl et al 2020 Participatory ~ Subjective bur- Researchers Researchersand 8sessions 12 weeks  Once 15

[66] care model den steff at there- weekly hours

search site

Ramirezeta 2017 Standard Subjectiveand  Not stated Medical officer, 12-18sess 10weeks  Not speci- Not

[68] care—includ-  objective bur- psychiatrist, sions fied Speci-

edcarefrom  den psychologist, fied
genera and occupation-
medicine, psy- al therapist
chiatry, psy-

chology, fami-

ly therapy,

neuropsycho-

logical rehabil-

itation, and

occupational

therapy

8CoMHIP: community mental health early intervention project.
PRESHAPE: Reduci ng Stigma Among Health Care Providers.

SWHO: World Health Organization.
dmhGAP: Mental Health Gap Action Programme.

€PRIME: Programme for Improving Mental Health Care.

TPO: Transcultural Psychosocial Organization.
9FLEP: Family Link Education Programme.
hBD: bi polar disorder.

'NAMI: National Alliance on Mental Iliness.
ISMI: severe mental illness.

KNGOMH: nongovernmental mental health.
'FPGP: Family-led Peer Support Group Program.
MCBT: cognitive behavioral therapy.

"PBSP: problem-solving-based self-learning program.

ONSW: New South Wales.

PMHapps: mental health apps.

Y EP: integrated empowerment program.
'PMI: person with mental iliness.

SMBSR: mindfulness-based stress reduction.
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Per ceived Effectiveness of the lmplemented | ntervention
Strategies

This review outlines the effectiveness of the implemented
intervention strategies asreported by the authorswho conducted
the studies (Table 4). It should be noted that this scoping review
included both published and gray literature, and therefore, no
critical appraisal of the studies or meta-ana yseswere conducted.
Therefore, care should be taken as these interpretations may be
clouded by author bias[84].

The authors expressed the effectiveness of the implemented
intervention strategies by highlighting whether the strategy
resulted in a positive or negative outcome for the informal
caregivers or their care recipients. Overall, the implemented
strategies were reported to be effective in reducing the burden
of care and improving the quality of life of informal caregivers.
Psychoeducation intervention strategy outcomes included
improved coping skills, improved quality of life, reduced anxiety
and stress, reduced burden of care, reduced psychological strain,
improved knowledge and skillsin caregiving, enhanced family
functioning, enhanced recovery, relapse prevention, and reduced
prolonged admissions. Support group outcomes included
alleviation of guilt, enhanced hel p-seeking behavior, improved
quality of life, improved knowledge and skills in caregiving,
improved psychosocia health, improved family and patient
functioning, and decreased demand for mental health services.
CBT outcomes included reduction in burden of care, anxiety,
and stress and increased resilience of informal caregivers.
Guided self-help outcomes included strengthened positive
caregiving experiences, reduced negative caregiving
experiences, and increased access to support. The reported
outcomes for mindfulness and empowerment interventions
included empowerment of caregivers, increased self-efficacy,
improved quality of life, and decreased depressive symptoms.
Collaborative intervention outcomes included reduced burden
of care and increased resilience. The standard care outcomes
reported included positive outcomes in caregiving, reduction
in the burden of care, and increase in socia support for
caregivers.

Negative outcomeswere only reported for the psychoeducation
and mindfulness and empowerment intervention strategies. The
reported negative outcomes of psychoeducation interventions
were no improvement in the burden of care, quality of life, or
self-esteem. The reported negative outcomes of mindfulness
and empowerment interventions included short-lived
improvement in anxiety, and the authors highlighted no
improvement after 3 months of follow-up with the participants
and no effect on percelved sress, quality of life, and
self-compassion, indicating that the effects of the interventions
were not sustainable.

Discussion

Principal Findings

This scoping review set out to map the literature on strategies
for aleviating the burden of informal caregiversof personswith
severe and enduring mental health conditions in low- and
middle-income countries. The review identified types of

https://www.i-jmr.org/2024/1/e48587
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strategies, strategy characteristics, and outcomes of the strategies
as reported by the authors. The types of strategies identified
were categorized asimplemented and recommended intervention

strategies and included community-based interventions,
psychoeducational interventions, support groups, CBT,
spirituality-based interventions, guided self-help,

smartphone-based i nterventions, mindful ness and empowerment,
collaborative interventions, standard care, financial and social
support, counseling, occupation-based interventions, policy and
legislature, and access to mental health.

Most of theimplemented and recommended intervention studies
(33/44, 75%) were conducted in Asian countries and targeted
both subj ective and objective burdens, and some studies (18/29,
62%) focused exclusively on subjective burden. This shows an
increasing research interest in caregiver interventionsin mental
health research in Asian countries over the last decade. In
contrast, the small number of studies from other low- and
middle-income countries possibly confirmsthe limited research
on support strategies for alleviating caregiver burden in mental
health. Despite consensus on the high levels of burden of
informal caregiversof personswith severe and enduring mental
health conditions in these countries [56,85-87] and the
importance of supporting caregivers, few studies (44/18,086,
0.24%) implemented and recommended intervention strategies
for aleviating caregiver burden. This evidence gap raises
significant concerns considering the scarcity of mental health
care professionals and limited access to quality mental health
servicesin many low- and middle-income countries. Asaresult,
informal caregivers assume avital rolein the support and care
of persons with severe and enduring mental health conditions
intheseregions[88,89]. Having limited strategiesfor alleviating
the burden of informal caregivers may have dire conseguences
for the management of personswith severe and enduring mental
health conditions in these countries.

The implemented and recommended intervention strategies
weremainly focused on both male and femalefamily caregivers.
Thesefindings are consistent with the literature asfamilies have
long been acknowledged as key stakeholders in the care and
management of mental disorders [90-93]. Therefore, it is
important to ensure that the strategies for alleviating caregiver
burden are targeted specifically to this population, particularly
inlow- and middle-income countries, where occupying thisrole
is often obligatory [94]. The fact that most implemented
intervention strategies were aimed at both male and female
caregiversisimportant to note. Although caregiving isidentified
asafemale-oriented role, thereis evidence that men also occupy
the primary caregiver roleand are also likely to experience high
levels of caregiver burden [20,94]. This emphasizes the need
to ensure that, where strategies for alleviating caregiver burden
are implemented, they focus on all caregivers irrespective of
their gender. The care recipients in these studies were mostly
diagnosed with schizophrenia and mood disorders. This is
consistent with the literature highlighting that depressive
disorders, schizophrenia, and bipolar disorders are among the
top 10 leading causes of disability in low- and middle-income
countries [95].

The findings of this scoping review emphasize the need for
evidence-based intervention strategies aimed at aleviating the
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burden of informal caregivers in low- and middle-income
countries. Most implemented intervention strategies were
informed by evidence, in which researchers consulted existing
literature and sought expert input to devel op their interventions.
Trained peer facilitators delivered most of the implemented
interventions and were informal caregiversthemselves. Thisis
important to note asit alignswith task shifting, which isfocused
on transferring skills and responsibilities to local people with
the aim of increasing access to mental health services in low-
and middle-income countrieswhere thereisashortage of human
resources[96,97]. In addition, the findings of thisreview reveal
that researchers, nurses, and psychiatrists offered some of the
interventions, which may not be sustainable in low- and
middle-income countries given the shortage of mental health
professionals [95]. Most studies (13/29, 45%) offered 6 to 8
sessions over 6 to 8 weeks, and the sessions were facilitated
once or twice a week for 1 to 2 and a half hours. Given the
number and frequency of sessions, it may be useful to use peer
facilitators to offer these interventions as most are already in
the community, which will ensure sustainability in
resource-constrained contexts in low- and middle-income
countries.

Overall, theimplemented intervention strategies were reported
to have a positive effect on alleviating the burden of informal
caregivers of people with severe and enduring mental health
conditions in low- and middle-income countries. In some
studies, these effectswere reported for both informal caregivers
and their care recipients. The authorsreported the effectiveness
of the strategies in their studies in terms of the help, benefit,
and effect that a specific implemented intervention strategy had
on theinformal caregivers. Some compared their interventions
mainly with standard psychiatric care and psychoeducation,
which focused on providing caregivers with information on
specific or general mental disorders. Psychoeducational
interventions were frequently implemented intervention
strategiesand wereidentified ashelpful, beneficial, and effective
in reducing caregiver burden [35,38,42,75]. This type of
intervention was reported to improve caregiver knowledge and
skills to enable them to cope with the demands of caregiving.
In addition, psychoeducational interventions were linked with
positive patient outcomes as they were reported to enhance
patient recovery, which subsequently reduced relapses and
prolonged admissions. These interventions were commended
for being simple, feasible, and cost-effective, making them the
most preferred form of intervention strategy to address the
burden of informal caregivers.

Similarly, implemented intervention strategies such as support
groups, community-based interventions, guided self-help,
mindfulness and empowerment, and CBT werereported to have
a positive effect on the burden of informal caregivers in low-
and middle-income countries. It is important to note that the
family-led mutual support program, a peer-facilitated
intervention, was reported to have long-term desirable benefits
on the psychosocia health of both caregivers and their care
recipients compared with the psychoeducational program and
standard care offered by psychiatrists, clinical psychologists,
and nursing specialists. Similarly, the manual-guided
problem-solving—based self-learning program, aguided self-help
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intervention, was reported to have a superior treatment effect
on caregiver burden, carerecipients’ symptom severity, and the
duration of rehospitalizations at the 6-month follow-up
compared with awell-accepted family psychoeducation group
program. Thisimpliesthat support groups and guided self-help,
although not frequently implemented, should be considered
beneficial strategiesfor alleviating caregiver burden. In addition,
as self-directed and peer-evaluated interventions, these
intervention strategies may be considered cost-effective in
extending the servicesto informal caregivers, especialy inlow-
and middle-income countries where a shortage of human
resources affects the delivery and quality of mental health
services.

Although not frequently implemented, intervention strategies
such as spirituality-based, collaborative, and standard care
interventions were also reported to reduce caregiver burden.
Spirituality-based interventions were identified as an
inexpensive and readily available resource for aleviating the
burden of informal caregivers. Similarly, the participatory care
model was reported to be an efficient and low-cost method for
reducing caregiver burden and increasing caregiver resilience.
Therefore, it is necessary to further explore the use of these
interventions with informal caregivers of people with severe
and enduring mental health conditions in low- and
middle-income countries.

Despite their potential, the use of virtual interventions or
telehedth dtrategies for informal caregivers remains
underrepresented in the literature. This may be attributed to the
relatively dow adoption of telehealth among informal
caregivers. Notably, only 1 smartphone app was identified in
this scoping review. However, telehealth holds promise as a
viable approach for disseminating psychoeducational
information, providing real-time support, and facilitating
participation in virtual caregiver support groups, particularly in
remote areas. The increasing proliferation of smartphones and
internet access in Africa further emphasizes opportunities for
the development of telehealth programs tailored to caregivers
of individuals with severe and enduring mental health
conditions. Although most of the implemented intervention
strategies reported positive effects on caregiver burden, there
were negative outcomes reported for some interventions. Hou
et a [60] reported that the mindfulness-based stress reduction
program led to a short-lived improvement in the stress and
anxiety of theinformal caregiversbut that no improvement was
noted after the 3-month follow-up. In addition, thisintervention
did not demonstrate a sustained effect on health-related quality
of life, perceived stress, or self-compassion. These outcomes
were attributed to the loss to follow-up and the fact that the
measurement instruments could have been less sensitive to
changes in quality of life and stress. Similarly, the 6-session
individual psychoeducation intervention for informal caregivers
of persons with bipolar mood disorder showed no effect on
burden, quality of life, or self-esteem. This was attributed to
the reduction in the number of sessions from 21 in the original
instruction [71] to 6 in this study [35]. Another reason was that
the sessionswere conducted individually, whereasthe literature
highlights that multifamily intervention groups are effective
[71,73,98].
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Implications for Practice and Policy

The findings of this review provide evidence for the reported
evaluated and recommended interventions having benefits in
reducing the burden of care among informal caregiversin low-
and middle-income countries. Previous studies conducted in
low- and middle-income countries have since emphasized the
urgent need to strengthen informal caregiver support regarding
mental health. The need for information and skillsin handling
mental health care users, as well as the need for emotional and
tangible support, has been highlighted in previous studies
[42,99]. The findings of this review reveded that
psychoeducation and support groupswere highly used strategies
for improving knowledge and skills as well as building support
for informal caregivers in low- and middle-income countries.
Furthermore, these strategieswere reported to be beneficial and
cost-effective, thereby making them a viable option for
implementation in low- and middle-income countries, where
limited access to mental health resources prevails [100]. The
need to ensure that these strategies are offered on a continuous
basis was highlighted in many studies, indicating the need for
6 to 10 sessions over a period of 6 to 10 weeks [7]. To ensure
sustainability, training of peer facilitators to deliver these
interventions may be realistic asthis aligns with atask-shifting
approach, which haslong been advocated for as a cost-effective
strategy for increasing access to mental health servicesin low-
and middle-income countries[101]. It isinteresting to note that
peer support groups and guided self-help were reported to have
long-term benefits on caregiver burden compared with
psychoeducation; this highlights that using self-directed
interventions is considered a practical option for aleviating
informal caregiver burden. In low- and middle-income countries
where a shortage of human resources prevails, it is important
to consider such interventions as they empower informal
caregivers to build support and take ownership of their health
and well-being [35]. Spiritual-based interventions, although not
frequently implemented, are important to note in the context of
low- and middle-income countries as most informal caregivers
have been identified asrelying on spiritual and religious coping
[102,103]. Recommended strategies such as the provision of
financial and social support as well as policy and legislature
strategies call for an urgent need for policies in mental health
to shift focustoward integrating caregiver-oriented servicesinto
practice. In addition, these findings highlight the need to adopt
an intersectoral approach [104] in which various sectors such
as religious and spiritual organizations provide mental health
services to extend their accessibility to informal caregivers.

Limitations

In alignment with Arksey and O’ Malley, this review did not
includeacritical appraisal to ascertain the quality of the studies
as the purpose of this scoping review was to map existing

Silaule et a

strategies for aleviating caregiver burden and report on the
outcomes as stated by the authors. In their study, Woo et al
[105] cautioned that the exclusion of critical appraisals in
scoping reviews means that the review cannot ascertain the
research gaps that it aims to address if the included studies are
of poor methodological quality. Although this scoping review
provides evidence on the existing strategies for alleviating
caregiver burden, it is important that the suggested strategies
be evaluated in the specific context to ensure their effectiveness
beforeimplementationin clinical practice. This step was omitted
as the purpose of this review was to map the available
intervention strategies and the outcomes reported by the authors
in alleviating burden among informal caregivers in low- and
middle-income countries. This review only included studies
conducted in low- and middle-income countries, and only papers
written in English were considered, thus reducing the extent
and scope of the evidence on the strategiesfor alleviating burden
among informal caregivers regarding mental health.

Conclusions

The findings of this scoping review provided the authors with
categories they can use to develop semistructured interview
guides to use when exploring the existing formal and informal
community mental health services to alleviate the burden of
informal caregiversinrural South Africa. The categoriesoutline
the different types of strategies that can be used to aleviate
caregiver burden, in particular the types of strategies offered to
informal caregivers and the intervention developers and
deliverers in and outside the mental health care system.
Although most of the included studies (29/44, 66%)
implemented these strategies, afew studies conducted in other
low- and middle-income countries (15/44, 34%) recommended
the use of these interventions to alleviate caregiver burden.
Future studies from low- and middle-income countriesin other
continents, including Africa and South and North America,
should address this gap in the research by evaluating these
intervention strategies to aleviate the burden of informal
caregivers.

Critical appraisal, which is used to ascertain the quality of the
studies, was omitted as the purpose of this scoping review was
to map existing strategies for alleviating caregiver burden and
report on the outcomes as stated by the authors. Future studies
should conduct quality appraisals to establish the effectiveness
of these strategies in alleviating the burden of informal
caregivers. Peer-facilitated support group interventions, although
not frequently implemented, wereidentified as having long-term
benefits compared with frequently implemented interventions
such as psychoeducation. It isrecommended that future research
be directed at implementing and eval uating these interventions
to alleviate burden in low- and middle-income countries.
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Abstract

Background: Generation Z (Gen Z) includes individuals born between 1995 and 2012. These individual s experience high rates
of anxiety and depression. Most Gen Z individual sidentify with being spiritual, and aspects from religion and spirituality can be
integrated into mental health treatment and care as both arerelated to lower levels of depression. However, research on the spiritual
and mental health of Gen Z is sparse. To date, there are no systematic or scoping reviews on digital methodsto addressthe spiritual
and mental health of Gen Z.

Objective: This scoping review aimed to describe the current state of digital methods to address spiritual and mental health
among Gen Z, identify the knowledge gaps, and make suggestions for how to leverage digital spiritual and mental health
interventions for Gen Z.

Methods: A comprehensive literature search was conducted in PubMed, Scopus, Psycinfo, CINAHL, Education Full Text,
Google Scholar, Soclndex, and Sociological Abstracts. Theinclusion criteriawere asfollows: (1) study population born between
1995 and 2012 (ie, Gen Z); (2) reporting on spiritual health or well-being, spirituality or religion, and mental health or well-being;
(3) reporting on using digital methods; (4) publicationin 1996 or beyond; (5) human subject research; (6) full text availability in
English; (7) primary research study design; and (8) peer-reviewed article. Two authors screened articles and subsequently extracted
data from the included articles to describe the available evidence.

Results: A total of 413 articles were screened at the title and abstract levels, of which 27 were further assessed with full text
for eligibility. Five studies met the inclusion criteria, and data were extracted to summarize study characteristics and findings.
The studies were performed across 4 different countries. There were 2 mixed-methods studies (South Africa and Canada), 2
cross-sectional studies (China and United States), and 1 randomized controlled trial (United States). Of these studies, only 2
discussed digital interventions (atext messaging—based intervention to improve spiritual and mental health, and afeasibility study
for a mental health app). Other studies had a digital component with minor or unclear spiritua and mental health measures.
Overdll, there was alack of consistency in how spiritual and mental health were measured.

Conclusions: Few studies have focused on assessing the spiritual and mental health of Gen Z in the digital context, and no
research to date has examined a digital spiritual and mental health application among Gen Z. Research is needed to inform the
development and evaluation of approaches to address the spiritual and mental health of Gen Z via digital means (eg, mobile
apps).

(Interact J Med Res 2024;13:e48929) doi:10.2196/48929
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Introduction

The digital age is marked by widespread internet use and the
ability to quickly communicate and find information online.
Individuals born from 1995 to 2012 are considered “digital
natives,” asthey are the first generation to live in an age where
technology and the internet are accessible at all times[1]. The
Pew Research Center considers these individuals as part of
Generation Z (“Gen Z") and identifies the beginning of this
generation to be in 1997 [1]. For the purpose of our research,
we used the definition of Gen Z by Katz et a [2], who defined
Gen Z asindividuals born from 1995 to 2012, to account for
those born when the World Wide Web made its public debut
in 1995.

As a generation that grew up with technology, digital devices
are familiar and seamlessly woven into the daily routines of
Gen Z. It hasbeen reported that 95% of Gen Z individuals have
accessto asmartphone[3]. In astudy of 1000 Gen Z individuals
aged 13to 25 years, more than half spent 4 or more hoursonline
compared with just 28% of all US adults who spent 4 or more
hours online [4]. In a world where it is nearly impossible to
socialize, work, and get an education without technology, Gen
Zindividualsare“awayson,” and thisis associated with higher
rates of depression, attention deficit disorder or attention deficit
hyperactivity disorder, and technology addiction [5]. Compared
with other generations, Gen Z individuals spend more time
alone or on digital communication platforms than engaging in
in-person interactions. Between 2000 and 2015, Gen Z high
school seniors spent an hour lesson in-person socia interactions
compared with early millennials [6]. Adolescents who spend
moretimeon social mediathaninin-person interactionsarethe
loneliest compared with those who spend less time on social
media. Moreover, between 2007 and 2018, there were great
increases in the relative percentage rates for self-injury (47%),
seriously considering suicide (76%), and suicide attempts (58%)
among Gen Z [7].

The American Psychological Association (APA) statesthat Gen
Z individuals are more likely to report mental health concerns
(eg, depression and anxiety) than previous generations [8]. In
a 2022 survey of 1055 Gen Z adults, 1 out of 4 reported having
more bad days than good within a 1-month time frame. More
than 2 out of 5 (42%) had a diagnosed mental health condition,
with more than a quarter of those being diagnosed during the
COVID-19 pandemic (March 2020) or later. Anxiety and
depression arethe 2 largest mental health issues among Gen Z,
with 9 out of 10 individuals diagnosed with a mental health
condition having anxiety and 8 out of 10 having depression [3].
Notably, Gen Z individual s are the most comfortable discussing
their mental health [3,8]. Onethird of Gen Z individuals report
posting about their mental health on social media. They aso
attend therapy and are willing to pay out of pocket for mental
health care and services [3]. Despite the comfort of Gen Z in
talking about their mental health, there is a crucial need to
address the high rates of anxiety, depression, and other health
issues that they experience [8].

https://www.i-jmr.org/2024/1/e48929

Spirituality may be an untapped resource to address the mental
health crisis experienced by Gen Z today. While spirituality can
serve as a component within organized religion, the 2 aspects
are distinct. Religion is an organized belief or specific set of
practices focusing on a higher power (ie, Christian, Mudlim,
Buddhist, etc) [9]. Spirituality is a broader concept in which
individual s seek connection to self, others, nature, and asacred
or higher being [10]. Individuals may identify with being either
religious or spiritual, or both. Gen Z individuals do not
necessarily identify with a particular religion or belief but
instead practice spirituality. Only half of Gen Z individuals
report turning to their faith for support in times of uncertainty
[11], and they are more likely to engage in spiritual practices
than religious practices [12]. In a study of 10,000 Gen Z
individuals aged 13 to 25 years, 68% considered themselves
religious and 77% considered themselves spiritual [13]. Gen Z
individuals define spirituality as autonomous and faith
unbundled, and it isinclusive of all faithsand practices[11,13].

Spirituality isrelated to several positive health and psychosocial
outcomes, namely greater mental health [14]. A recently updated
review of the literature on the relationship between spirituality
and mental health found that greater spirituality was associated
with lower depressive symptoms, lower suicidality, and lower
substance abuse[14]. Gen Z individual s face some of the highest
rates of mental health conditions (eg, depression) [15,16]; thus,
spirituality should be considered in addressing youth mental
health today. In the aforementioned report by Singer [13], the
majority of Gen Z individuals attributed their spiritual
connection to their positive mental health state. Another aspect
of menta health that is influenced by spirituality is quality of
life among chronically and terminally ill patients. Palliative
care patientswho struggle with spirituality report poorer quality
of lifecompared with thosewho feel stablewith their spirituality
[17]. Additionally, teens and young adults with cancer mention
searching for meaning, hope, and life perspectives, even though
they may not consider themselves as spiritual [18]. Interventions
that promote spiritual well-being (one's sense of purpose,
meaning in life, and connection to something greater [19]) may
be a powerful resource for improving mental health in Gen Z.

Research on digital mental health interventions and spirituality
exist separately. Little is known about digital methods (eg,
mobile apps, text messaging, etc) that incorporate both spiritual
and mental health among Gen Z. Scoping or systematic reviews
on this topic are nonexistent, and research on thistopic is very
limited. Given that technology is woven into the daily lives of
Gen Z, digital mobile apps that promote spirituality may offer
a novel approach to supporting the mental health of Gen Z
adolescents and young adults. Therefore, the purpose of this
scoping review was to describe the current state of digital
methods to address spiritual and mental health among Gen Z,
identify the knowledge gaps, and make suggestions for how to
leverage digital spiritual and mental health interventions for
GenZ.
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Methods

Eligibility Criteria

The inclusion criteria for targeted articles were as follows: (1)
study population born between 1995 and 2012 (ie, Gen Z); (2)
reporting on spiritual health or well-being, spirituality or
religion, and mental health or well-being; (3) reporting on using
digital methods; (4) publication in 1996 or beyond; (5) human
subject research; (6) full text availability in English; (7) primary
research study design; and (8) peer-reviewed article.

Information Sources

Guided by the Preferred Reporting Itemsfor Systematic Reviews
and Meta-Analyses (PRISMA) extension for scoping reviews
(PRISMA-ScR) [20], searches were conducted in PubMed,
Scopus, Psycinfo (EBSCO), CINAHL Plus with Full Text
(ProQuest), Education Full Text (H.W. Wilson), Google Scholar,
Soclndex with Full Text, and Sociological Abstracts (ProQuest)
on May 2 and 3, 2023, by ahealth scienceslibrarian (J Hermer)
at Arizona State University. The sameinformation sourceswere
searched on September 21-26, 2023, and again on November
7-8, 2023, and were also included in theresults. ERIC and Atla
Religion Database were also searched, but they returned no
results.

Search Strategy

The searches were optimized for each individual database but
included a combination of keywords and subject headings for
the following 4 categories: Generation Z or Gen Z; spirituality
or religion; mental well-being; and mobile health, mHealth, and
eHealth (Multimedia Appendix 1). Owing to the very limited
nature of the results, only languagefilters were applied to ensure
that all relevant literature was available to be screened. All
records wereimported into Zotero to check if any articleswere
retracted and then into Covidence systematic review software
for deduplication and screening [21]. Apart from the initial
search, 2 additional searches were conducted to ensure that all
relevant literature was found and to add any recent literature
from the following 6 months. A search of al databases was
performed on September 21-26, 2023, using the additional
keywords of “faith,” “transcenden*,” and “life purpose’ or
“existential needs” and a final search was performed on
November 7, 2023, using the additional keywords of “ spiritu*”
and “relig*.” The scoping review protocol was registered online
in Open Science Framework (OSF) on May 16, 2023.

Selection Process

The selection process was completed entirely on Covidence.
Prior to reviewing titles and abstracts, duplicate titles were
eliminated by Covidence. Two authors (SY P and BD) screened
all titles and abstracts independently and were blinded to each
other’'s decisions. Any disagreements were discussed between
the authors SYP and BD, and agreed upon before full-text
review. Agreement scores for article selection between the 2
authors were not logged in Covidence for the initial search;
however, the agreement scores were 85% (81/95) and 90%
(80/87) for reviewing titles and abstracts between the 2 authors

https://www.i-jmr.org/2024/1/e48929
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for the September and November searches, respectively. For
full-text article review, the author SY P independently reviewed
half of the articles, and the author BD independently reviewed
the remaining articles. The authors SYP and BD deliberated
with each other, and with J Huberty and JY if there were any
questions regarding inclusion based on the article eligibility
criteria. Articleswere excluded if the study population included
Gen Z but did not explicitly distinguish Gen Z in the popul ation
sample and the resultswere not disaggregated by age. Thefinal
articlesincluded in the review were agreed upon by all 4 authors.

Data Collection Process and Synthesis M ethods

Prior to the search, al authors agreed on the following
characteristics for data extraction and synthesis: title; authors;
study country; study objectives; study design; data collection
timeframe; recruitment methods;, sample size; participant
characteristics; description of digital methods; constructsrelated
to religion, spirituality, or spiritual well-being; assessment or
measure for religion, spirituaity, or spiritual well-being;
constructs related to mental health; assessment or measure for
mental health; main findings;, and study limitations. These
characteristics were sel ected to ensure adetailed understanding
of available literature as it relates to the goal of the scoping
review. For articles included in the scoping review, the author
SYP independently extracted data based on the a priori
characteristics for haf of the articles and the author BD
independently extracted datafrom the remaining articles. Given
that each article had data extracted by a single author, there
were no agreement scores. After evaluating theincluded articles,
study characteristics and main findings were summarized in a
descriptive manner.

Somestudiesthat initially appeared eligiblefor thisreview were
ultimately excluded because they did not meet specific criteria.
For instance, a cross-sectional study on the perceptions of 475
Gen Z individuals and young millennials and their use of a
spiritual self-care app [22] was originaly included when
reviewing titles and abstracts. However, upon full-text review,
wefound that the study resultsdid not distinguish between Gen
Z individuals and young millennials, thus failing to meet our
review’s criteria (ie, Gen Z only).

Results

Study Characteristics

Detailson article selection areillustrated in aPRISMA diagram
(Figure 1). Our search identified 824 articles from 8 databases
based on the search terms. After removing 411 duplicates in
Covidence, 413 articles were screened by title and abstract.
After the initial screening based on the inclusion criteria, the
full texts of the remaining 27 articles were screened. Review
articles were not included in the fina review, but references
were screened to seeif any additional literaturewasadmissible.
Ultimately, the scoping review included 5 articles. Of these 5
articles, 1 [23] was included in the review from the updated
search conducted in September 2023 and 1 [24] was included
from the updated search in November 2023. Characteristicsand
results of the studies are summarized in Table 1.
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Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram of article selection.
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Table 1. Characteristics and main findings of the included studies.

Park et a

Referenceand ~ Study de-  Samplecharacteris-  pjgital aspect® Religion/spiritudity ~ Mental healthmea-  Main findings
study country  sign tics measures® sures®
Mindu et al Mixed- 93 youth and Assessed partici-  Wheredo youth seek  Mental hedlth aware- «  No participants had ex-
[25], 2023 methods young adultsaged pants knowledge treatment or assis- ness (eg, taught about perience using amental
(South Africa)  study 16-24 years; 44%  and preferencesfor tance when they have mental health and no health app, but 99%in-
femae adigital mental mental health prob- prior education on dicated mental appsare
health app lems (Responseop-  mental health) important and can ben-
tions: Visit aspiritud  \ental health condi- efit youth.
healer; Goto achl_Jrch tions affecting youth ~ * Rel_l gious and cultgral
for prayers; Tradition- i, the community (eg, beliefs were a barrier
al medicine; Clin- substance abuse or to using digital plat-
ic/hospital; Visit a misuse, posttraumatic forms (eg, socia me-
health care worker) Stressdisorder, depres- dia).
sion, and anger)
Gaoetd [26], Cross 1017 first-year col- Participantswere  Religion (Response  Generalized Anxiety «  95.3%indicated having
2021 (China) sectional  lege students recruited through  options: No religion;  Disorder-7 (GAD-7) no religion.
study (mean age 19 aneHedthapplica Buddhism; Christian; and depression; P&«  Beélief in Christianity
years); 77.8%fe-  tionto completea Others) tient Health Question- and in Buddhism were
male survey naire-9 (PHQ-9) associated with greater
[27,28] anxiety.
Craig Rushing Random- 833 Americanindi- The2intervention Rate your spiritual Rate your mental «  Nosignificant differ-
eta [29],2021 izedcon- anorAlaskaNa armsincluded 3 health (Response op-  health (Response op- encesbetweenthe2in-
(United States)  trolledtri- tiveteenagersand SMStext messages tions: Excellent; Very tions: Excellent; Very tervention arms within
a young adultsaged  per week for 8 good; Good; Fair) good; Good; Fair) subjects.
15-24years; 66.3% weekswithinfor-  [30] [30] «  Mean scores of per-
femae mation, role model ceived health (physical,
videos, images, mental, and spiritual)
and engagement significantly increased
opportunities (eg, over timefor both inter-
reply for morein- vention arms.
formation, resource «  Thosewho reported
links, etc) better health aso report-
ed greater cultural re-
silience, identity, and
cultural pride.
Reed et a [23], Cross- 349AmericanIndi- Assessed partici-  Selectthetop3health Self-reported mental «  53.5% of participants
2022 (United sectional  anor AlaskaNa-  pants useof media topicsfrom alist of health (How good is relied heavily on the
States) study tiveyouthaged 15- technologies (ie, 15, including spiritual  your mental health? internet to access
24 years, 71.1% mediatypes, fre-  health Response options: 4- health information.
femae quency, and dura- point Likert-type «  Nonsexua and gender

tion) and how they
use mediatechnolo-
gies (ie, online be-
haviors and activi-
ties)

scale; 4=Excellent and
1=Poor)

Select thetop 3 health
topics from alist of
15, including mental
health

minority participants
reported better mental
health than sexual and
gender minority partic-
ipants.

«  Thetop 3 most impor-
tant health topics were
Native identity, mental
health, and socia jus-
tice and equality.

o Spiritua healthwas se-
lected as the most im-
portant health topic
14% of the time.
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Referenceand ~ Study de- Samplecharacteris-  pjgital aspect® Religion/spirituality ~ Mental healthmea=  Main findings
study country  sign tics measures® sure®
Au-Yeungeta Mixed- 5Indigenousyouth Assessed partici-  Qualitative question:  Perceived mental o Participants had mixed
[24], 2023 methods aged 11-16 years, pants opinionson “What doesa‘Good ~ wellness (5-point Lik- ratings for their mental
(Canada) study 60.0% female the JoyPop app, Mind’ (Hau- ert scale) health from “fair” to
andtheaccessibili- - denosaunee concept)  quglitative question: “very good.”
ty andfeasibility of mean to you?”’ “Would you please o Participants reported
the app “The Good Mindisa describe what mental nature to be important

for a“Good Mind.”
Participants reported
enjoying the app’'sfea-
tures (eg, games and
breathing techniques)
and made suggestions
to make it relevant to
their culture.

wellness means to
you?’ *

physical, psychologi-
cal, and spiritual jour-
ney that includesare-
flective awareness of
thoughts and inten-
tions, and away of
being that isexpressed
through self-compas-
sion and compassion
for other beings”

8Refers to the digital component of the study, which may include the mode through which an intervention was given (eg, mobile text messages) or the
constructs measured (eg, social media use and preferences for a mobile app).

b\ easures refer to assessments, tools, or specific survey items that were used in the study to assess the construct of interest (eg, religion or spirituality,

and mental health).

Study Design and Study and Sample Char acteristics

All 5 studies examined Gen Z (adolescents and young adults;
aged 11-24 years; born between 1995 and 2012). Of the 5
articles, 2 were published in 2023, 1 was published in 2022,
and 2 were published in 2021. There were 2 mixed-methods
studies (1 in South Africa [25] and 1 in Canada [24]), 2
cross-sectional studies (1 in China [26] and 1 in the United
States [23]), and 1 randomized controlled trial in the United
States [29]. Sample sizes varied across the 5 studies, ranging
from5to 1017.

Study by Mindu et al, 2023

Mindu et al [25] conducted a mixed-methods study in South
Africato inform the implementation of a mobile phone-based
mental health intervention [25]. The study did not use any
specified measures for mental health but asked questions via
guantitative and qualitative methods to understand participants
understandings or perceptions of mental health. Questions
addressed (1) mental health awareness; (2) digital interventions
for mental health; (3) accessto digital devices and the internet;
(4) preferences for digital mental health interventions; and (5)
barriers to the use of digital menta health innovations.
Quantitative results showed that almost half (49%) of the
participants had heard about mental health apps, none had
experience using one, and 99% indicated that mental health
apps are important and can benefit youth. These results
underscore the severe lack of mobile mental health apps
designed for individuals in South Africa. Qualitative results
revealed that religious and cultural beliefs were a barrier to
using digital platforms (eg, socia media), and the authors
highlighted the crucial need to develop culturally appropriate
and relevant digital apps that represent those who they serve.
Overall, participants expressed high interest in using a digital
mental health app (eg, social media) to learn about mental health
and seek resources. The study authors acknowledged that while
no digital methods or interventions were implemented in the

https://www.i-jmr.org/2024/1/e48929

study, the results provided a unique Gen Z perspective on the
usability of digital methods.

Study by Gao et al, 2021

Gao et al [26] conducted across-sectiond study in Chinaamong
first-year Chinese college students. Using a health management
app (Residents e-Health), a questionnaire was distributed to
examine depression and anxiety, and their associations with
other health-related constructs, such as stressand nutrition. The
authors examined participants’ religious beliefs (ie, Christian,
Buddhism, other, and no religion) as a correlate of anxiety and
depression. However, most of the sample (95%) did not have
areligion. Belief in Christianity and belief in Buddhism were
associated with greater anxiety in the sample. The study authors
noted that the large number of participants ascribing to no
religion limited the understanding of the relationship between
religion and mental health. The overall conclusion of the study
indicated that early lifestyleinterventions assessing religion, as
well as other demographic and behavioral factors, areimportant
for understanding the factors contributing to mental health in
GenZ.

Study by Craig Rushing et al, 2021

Craig Rushing et a [29] conducted a randomized controlled
trial in the United States to examine the efficacy of an mHealth
intervention (BRAVE) for physical, mental, and spiritual health;
resilience; self-esteem; and coping and help-seeking skills
among American Indian or Alaska Native teenagers and young
adults. Participants were randomized to participate in 1 of 2
groups: (1) An 8-week intervention arm involving 3 SM S text
messages per week highlighting common coping strategies,
preferred wellness strategies, help-seeking skills, and related
protective factors such as cultural resilience, identity, and
cultural pride; or (2) An 8-week control arm involving 3 SMS
text messages per week designed to el evate and reaffirm Native
voices in STEM (science, technology, engineering, and
mathemati cs) and medicine. Participantswerein both arms, and
both had messaging that included acombination of information,
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role model videos, images, and opportunities of engagement
(eg, reply for more information and links to access resources).
Thefindingsindicated that there were no significant differences
between the 2 study armswithin subjects, such that participants
intheintervention arm did not report better outcomesthan those
in the control arm. However, mean scores of perceived health
(ie, physical, mental, and spiritual) significantly increased over
timein both arms. In addition, participants who reported better
health also reported greater cultural resilience, identity, and
cultural pride. The percentage of participants who used the
resources and information in the intervention arm text messages
alsoincreased over 5 months. The study authors acknowledged
some limitations, including high or favorable survey measure
outcomes at baseline, only a 1-week break between receiving
interventions in the arms, and control messaging likely being
novel and helpful. Another limitation to note is the assessment
of perceived health, which combined 3 separate survey measures
assessing perceived physical, mental, and spiritua health. The
combination of 3 different aspectsof health makesit challenging
to derive valid inferences regarding mental or spiritual health
on their own. Overall, the intervention demonstrated improved
health outcomes and underscores the acceptability of text
messaging to promote and support well-being.

Study by Reed et al, 2022

Reed et a [23] conducted a cross-sectional study in the United
States, in which 349 American Indian or Alaska Native youth
(aged 15-24 years) were asked about the extent to which they
use media technologies, how they use technologies, and their
health priorities. Several trends were revealed. The mgority of
participants (64.7%) reported sending 1 to 50 text messages a
day. Instagram was the most popular daily technology used,
and 65.3% of participants reported using social media3-7 hours
per day. Participants also self-rated their mental health. The
findings indicated that nonsexual and gender minority youth
(56.7%) reported better mental health than sexual and gender
minority youth (36.4%). To better understand important health
topics, participantswere asked to select their top 3 health topics
fromalist. The most popular topic sel ected was Native identity
or cultural pride (73%), followed by mental health (57%) and
socia justice and equality (31%). Spiritual health was selected
by 14% of youth in their top 3 health topics. While spiritual
health was not among the top health topics selected, it is
important to note that the range of options offered spanned
across several categories (eg, socia justice or inequality, a cohol
and drug use or abuse, and the environment). Overall, the study
authors concluded that building resources that foster cultural
pride and positive identity must be included in any programs
or technologies for addressing mental health among American
Indian or Alaska Native youth.

Study by Au-Yeung et al, 2023

Au-Yeung et a [24] conducted a Haudenosaunee (Canada's
largest First Nations reserve, Six Nations of the Grand River)
community-based study in which 5 Haudenosaunee youth (aged
11-16 years) tested the JoyPop mobile app (availablein English
and French) that isdesigned to promote resilience among youth.
The app offers breathing exercises, mood tracking, journaling,
personalizable social support, a 24-hour helpline, and games.
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Theresultsindicated that participants had mixed ratings on their
self-reported mental wellness, ranging from “fair” to “very
good,” and that they used the app 1 to 3 times a day. Of the 5
participants, 4 were interviewed about their experiences using
the app, perspectives of mental wellness, and characteristics of
a “Good Mind” (an Indigenous concept on the physical,
psychological, and spiritual journey that maintains balance and
harmony in a person). Interview participants reported that the
app was easy to useand esthetically pleasing. They also enjoyed
all of the app’sfeatures, with the exception of the Circle of Trust
feature (ie, personalizable social support). Interview participants
identified positivity and happiness, understanding emotions,
acts of kindness, personal hobbies, and positive body language
asimportant to their mental wellness. Participants also discussed
important characteristics of a Good Mind, such as positivity,
kindness, and connecting with nature. Overall, the app was
favorable to the participants, but they suggested incorporating
specific features like words in their own language and
Indigenous visuals (eg, feathers and clan animals). While the
app lacked explicit content on a Good Mind, the authors
recommended incorporating concepts of a Good Mind to
enhance its relatability to Haudenosaunee youth, given its
cultural significance to the Haudenosaunee people. Although
the study had a small sample size, the authors concluded that
mobile health interventions can be beneficial to Indigenous
youth, as mental health apps continue to be of interest and
Indigenous cultures value the promotion of health and resilience.
Further, Indigenous tribes across North America have unique
perspectives, and pan-Indigenous resilience apps like JoyPop
will need to be tailored to specific cultural contexts.

Discussion

Overview

The purpose of this scoping review was to describe the current
state of digital methods to address spiritual and mental health
among Gen Z, identify the knowledge gaps, and make
suggestions for how to leverage digital spiritual and mental
health interventions for Gen Z. A comprehensive literature
search across 8 databases identified only 5 relevant studies,
emphasizing the significant lack of published research on digital
methods to address the spiritual and mental health of Gen Z.
Among the 5 studies, only 2 discussed digital interventions, and
of these studies, 1 examined atext messaging—based intervention
to improve spiritual and mental health and reported
improvementsin spiritual and mental health over time[27], and
1 examined the feasibility of a mental health app [24]. The
sparse availableliterature limits conclusions on the current state
of digital methods to address spiritual and mental health, and
warrants future research to address these gaps.

Current State of Digital Methods for Spiritual and
Mental Health

Gen Z individuals are facing a mental health crisis as they
experience high rates of depression and anxiety [8,16]. For
example, one of the included studies reported that the
preval ences of anxiety and depression among college freshmen
were 40.3% and 45.3%, respectively [26]. Gen Z individuas
also report feeling lonely, having low self-confidence, and being
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distressed about the future [3,5,12]. All 5 studies included in
this review discussed the overall well-being of Gen Z and, to
some extent, aspects of spirituality. The findings suggest that
spirituality may play arole in the mental health of Gen Z and
should be considered in the development and implementation
of future digital applications that address mental health. The
study by Mindu et a [25] particularly underscores the need for
customizability in mental health applications considering that
participants expressed that using digital platforms (ie, social
media) conflicted with their religious and cultural beliefs. Thus,
the introduction of applications that allow users to engage in
practices and view content that aligns with their values and
beliefsisapotential avenuefor combating thisbarrier and could
inturn strengthen one’s spirituality. However, research is needed
to determine the acceptability of digital mental health
applications that involve spiritual content.

Nearly every facet of the lives of Gen Z involves technology,
for example, using computersfor school or work, using mobile
apps to order food, and using social media and texting to
communicate with friends. Despite the widespread use of
technology among Gen Z and the increasing number of research
studies employing digital methods to test and deliver mental
health programs and interventions [31], only 1 of the studies
included in this review examined the effects of a digital
intervention on spiritual and mental health [27] and 1 assessed
the feasibility of a mental health mobile app [24]. The lack of
digital methods or interventions to address the spiritual and
mental health of Gen Z warrants the devel opment of accessible
ways for Gen Z to practice spiritual and mental self-care. Gen
Z individual s spend moretime (4 or more hoursdaily) on social
media compared with other generations [3], and poor mental
health is often attributed to social media use [32]. However,
social mediais not necessarily harmful and isinstead dependent
upon what Gen Z individuals do and see online, their
pre-existing strengths or vulnerabilities, and the environment
in which they are raised (eg, parental monitoring) [32,33].
Digital methods for spiritual wellness that are specifically
targeted for Gen Z and built to empower Gen Z to practice
self-care and build healthy coping mechanisms may benefit the
mental health of Gen Z. Results from this review illustrate the
acceptability of a mobile intervention promoting spiritual and
mental health [24,29], and the interest Gen Z individuals have
toward using digital methods to address their spiritual and
mental health [25]. However, given that little is known about
thistopic, more research is needed to truly grasp the feasibility
and efficacy of digital approachesto address spiritual and mental
health with regard to the well-being of Gen Z.

Gapsin thelLiterature

Published literature or research about the spiritual and mental
health of Gen Z is limited, reporting mostly mental health
statistics rather than examining determinants of mental health
or interventions for improving mental health (eg, spirituality)
[1,33]. Research to date on spirituality in Gen Z has only been
performed by faith-based organizations or by nonacademic
research institutions and has mainly focused on comparing the
views of Gen Z onreligion and spirituality to the views of other
generations [11,12,34]. For example, the mgority of Gen Z
individuals (77%) identify as spiritual, preferring to ascribe to
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a set of values from various beliefs [13]. While we know that
themajority of Gen Z individualsidentify as spiritual, empirical
research that specifically examines their spiritual practicesand
preferences, overall spiritual well-being, and associations with
mental and physical health outcomesis warranted. Among the
5 studies included in this review, 3 examined spiritual health.
The randomized controlled trial [29] asked participants to rate
their spiritua health using acombined measurefor overall health
that included physical, mental, and spiritual health, limiting the
ability to assess spiritual well-being explicitly among these
participants. The cross-sectional survey [23] asked participants
to select the top 3 health topics important to them (eg, mental
health, spiritual health, and Native identity), but the study did
not examine any associations between spiritual health and
mental health. Spiritual health was not defined for participants
in either study. The mixed-methods study in Canada [24]
interviewed participants who used an app designed to promote
resilience in youth with regard to a Good Mind, an Indigenous
concept on the physical, psychological, and spiritual journey
that maintains balance and harmony in a person. However, this
concept is specific to the Haudenosaunee people; therefore, the
findings may not be applicabl e to the perspectives on spirituality
of other young communities. In addition, only 1 article
administered a valid measure to assess mental health,
spirituality, or spiritual well-being (ie, Generalized Anxiety
Disorder-7 [GAD-7]) [26]. The validity and reliability of
instruments used to measure mental health and spirituality or
spiritual well-being in the study samples were not reported in
any of the included articles. Identified gaps offer research
opportunitiesto comprehensively examine spiritual and mental
health among Gen Z.

Suggestions for L everaging Digital Spiritual and
Mental Health Interventionsfor Gen Z

Gen Z individuals are remarkably familiar with navigating
digital spaces and integrating spirituality into their lives, and
are the most comfortable talking about their mental health
compared with other generations [3]. Gen Z individuals who
have a spiritual connection have better perceptions about their
mental health and believe their spiritual health contributes to
their mental health, compared with those who do not have a
spiritual connection [11]. Since Gen Z individuals primarily
consume information through technology, digital interventions
are apromising method to teach and facilitate various practices
in spiritual and mental self-care. For example, the digital
intervention content of Craig Rushing et a [29] included
wellness strategies, such as self-care and goal setting, which
resulted in improved perceived health (eg, physical, mental,
and spiritual) for participants. In the study by Mindu et a [25],
digital mobile interventions through socia media were
concluded to be potentialy useful to increase mental health
literacy and knowledge of resources. Additionally, the study by
Gao et a [26] suggested that early interventions that target the
lifestyle behaviors of Gen Z (ie, smoking) can improve their
depression and anxiety. A spiritual self-care app tailored for
Gen Z, for example, may alow Gen Z to engage with full
autonomy and convenience. Rather than requiring Gen Z to
seek out places to practice religious or spiritual beliefs, a
spiritual self-care app can be available wherever they are and
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whenever they want. Digital spiritual self-care interventions
should also consider incorporating topics that are deemed
important to Gen Z, such as cultural relevance, inclusivity, social
justice, and nature [23,24].

Mobile appsgrant usersthe ability to customize their experience,
which vastly differsfrom traditional meansof practicing religion
that ascribe to a predetermined set of beliefs, values, and
practicesthat are often fixed [13]. Accessto technology enables
Gen Z individuals to autonomously decide which aspects of
different spiritual beliefsand practicesthey resonate with. Most
digital appsinclude featuresthat allow usersto customize their
experience and the content they engage with. Thus, a mental
health app that includes various components of spiritual
practices that users can choose from may provide a new way
for young people to tend to their spiritual and mental health.
Based on this review, research examining the feasibility,
acceptability, and efficacy of digital health tools specifically
targeting spiritual and mental health among Gen Z is absent,
indicating the need for research in this area. Researchers,
companies, and nonprofit organizations can leverage existing
digital spaces that Gen Z individuals frequently use (eg,
Instagram and TikTok) to garner feedback on what they might
desirein adigital spiritual and mental health intervention. For
example, 2 of the studies [24,29] incorporated feedback from
Indigenous youth on existing digital methods (eg, SMS text
messaging and JoyPop) to inform the development of their
digital content. Spiritual well-being apps, for example, can be
used to target Gen Z and deliver evidence-based content that
integrates spirituality and mental health. These studies also
emphasize the importance of culturally relevant interventions
that can speak to diverse cultural backgrounds and beliefsamong
GenZ.

Strengthsand Limitations of This Review

There are multiple strengths of this review. First, this scoping
review indicates that there is a limited knowledge base
surrounding digital methods for addressing the spiritual and
mental health of Gen Z and summarizesthe current state of the
literature on thistopic. Thisisthefirst scoping review to address
this topic and highlights a crucial gap in supporting young
people’'s mental health. Additionally, alibrarian was consulted
and involved in the search process to bolster the rigor and
accuracy of the review. Covidence was used to minimize human
error in screening eligible articles. Along with these strengths,
thereare somelimitationsinthisreview. First, ascoping review
limits the objective understanding of a topic such that
guantitative results cannot be compiled to determine effect sizes
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across studies. Second, database searches are not uniform and
require nuanced search methodologies, which can result in
relevant studies being missed. Third, manuscripts during the
full-text screening stage were split between the authors SYP
and BD, and thus, manuscripts were assessed by a single rater.
Finally, research on thistopic is severely lacking, which limits
the number of articles included in this review and impacts the
ability to construct a cohesive narrative or draw definitive
conclusions about the state of the field. This underscores the
necessity of this review to highlight the gaps and urge further
investigation.

Scientific Contribution

Thegoal of thisscoping review wasto assessthe extent towhich
research on digital methods to address the mental and spiritual
health of Gen Z has been conducted. The scoping review
revealed alack of available research on spirituality and mental
health. Specificaly, there is a dearth of studies on the use of
digital methodsto deliver spiritual well-being for mental health
in Gen Z. Despite an increase in mental health concerns among
Gen Z and the growing body of evidence on the beneficial
effects of spiritual self-care on mental health, few published
articles touch on this topic. The findings from this review
highlight the opportunity for addressing the mental and spiritual
health of Gen Z through digital methods (eg, mobile apps). The
use of digital methods to address mental health is a growing
area of research; however, spirituality and spiritua self-care
have received little attention. Thereis potential for researchers
to examine spiritual self-care, which isddlivered through digital
methods, and itsimpact on popul ations experiencing significant
mental health problems. Overall, the scoping review underscores
the need for future research to examine the acceptability and
feasibility of digital approachesto address spiritual and mental
health among Gen Z.

Conclusion

This scoping review underscores the dearth of research
surrounding digital methods to address spiritual and mental
health among Gen Z. Considering that digital methodsto address
aspects of mental health are increasingly popular and effective
[35,36], research is needed to examine digital platforms that
address spiritual and mental health. Thisis especially pertinent
for Gen Z individual s as they have some of the greatest rates of
mental health issuesand are the most digitally savvy generation
to date, and most indicate that they are spiritual. Leveraging
spirituality asaway to address mental health among Gen Z via
digital means offersanovel and relevant approach for addressing
the mental health crisisimpacting young people today.
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Abstract

Background: The International Classification of Diseases, Eleventh Revision (1CD-11) improved neoplasm classification.

Objective: We aimed to study the alterations in the ICD-11 compared to the Chinese Clinical Modification of the International
Classification of Diseases, Tenth Revision (ICD-10-CCM) for neoplasm classification and to provide evidence supporting the
transition to the ICD-11.

Methods: We downloaded public data files from the World Health Organization and the National Health Commission of the
People’'s Republic of China. The ICD-10-CCM neoplasm codes were manually recoded with the ICD-11 coding tool, and an
|CD-10-CCM/ICD-11 mapping table was generated. The existing files and the ICD-10-CCM/ICD-11 mapping table were used
to compare the coding, classification, and expression features of neoplasms between the ICD-10-CCM and ICD-11.

Results:. The ICD-11 coding structure for neoplasms has dramatically changed. It provides advantages in coding granularity,
coding capacity, and expression flexihility. In total, 27.4% (207/755) of ICD-10 codes and 38% (1359/3576) of ICD-10-CCM
codes underwent grouping changes, which was a significantly different change (x%,=30.3; P<.001). Notably, 67.8% (2424/3576)
of ICD-10-CCM codes could be fully represented by 1CD-11 codes. Another 7% (252/3576) could be fully described by uniform

resource identifiers. The ICD-11 had a significant difference in expression ability among the 4 ICD-10-CCM groups (x23:93.7;

P<.001), aswell asa considerable difference between the changed and unchanged groups (x%,=74.7; P<.001). Expression ability
negatively correlated with grouping changes (r=—144; P<.001). In the ICD-10-CCM/ICD-11 mapping table, 60.5% (2164/3576)
of codes were postcoordinated. The top 3 postcoordinated results were specific anatomy (1907/3576, 53.3%), histopathology
(201/3576, 5.6%), and alternative severity 2 (70/3576, 2%). The expression ability of postcoordination was not fully reflected.
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Conclusions: ThelCD-11 includes many improvementsin neoplasm classification, especially the new coding system, improved
expression ability, and good semantic interoperability. Thetransition to the ICD-11 will inevitably bring challengesfor clinicians,

coders, policy makersand I T technicians, and many preparations will be necessary.

(Interact J Med Res 2024;13:€52296) doi:10.2196/52296

KEYWORDS

Chinese Clinical Modification of the International Classification of Diseases, Tenth Revision; ICD-10; ICD-10-CCM; ICD-11;
improvement; International Classification of Diseases, Eleventh Revision; International Classification of Diseases, Tenth Revision;

International Classification of Diseases; neoplasm; transition

Introduction

The World Health Organization (WHO) adopted the
International Classification of Diseases, Tenth Revision
(ICD-10) in May 1990 [1]. The ICD-10 has been widely used
in over 120 countries over the past 30 years. In multiple
countries, expansions of the ICD-10, such as the Chinese
Clinical Modification of the International Classification of
Diseases, Tenth Revision (ICD-10-CCM), based on the second
edition [2], have been devel oped to meet specific requirements.
The ICD-10-CCM has been used for national performance
assessment and medical insurance payment in public hospitals.
Given the advances in medical knowledge and health
information, the WHO started working on the International
Classification of Diseases, Eleventh Revision (ICD-11) in 2007
[3], and it was expected to be implemented by WHO member
countries starting in January 2022.

Themost critical changesin the | CD-11 werethe establishment
of a semantic knowledge base and the reconstruction of the
coding system. It introduced the Foundation Component, the
Common Ontology, and linearization, as well as the new
concepts of precoordination and postcoordination [3-5]. The
chapter on neoplasms has also changed. It adds crucial
morphology to precoordination, having the highest proportion
(98.9%) and the most dimensions (3.5) of postcoordination.
Cancer has been one of the top 3 causes of death in Chinasince
2005 [6]; thus, the coding system of the ICD-11 will
significantly impact cause of death reporting, cancer registration,
and disease diagnosis records. Stakeholders need to have agood
understanding of the classification of neoplasmsin the |CD-11.

This study analyzesthe changes between the |CD-10-CCM and
ICD-11interms of coding features, classification features, and
expression features in neoplasm classification and hopes to
provide evidence supporting the transition in China.

Methods

Ethical Consider ations

According to the Measures for Ethical Review of Human Life
Science and Medical Research issued by the National Health
Commission of the People's Republic of China, this study
utilized public data and did not involve human subjects, and
thus, the requirement of ethical permission was waived. All
examples were constructed and neither correspond to real
clinical cases nor to any datasets.

https://www.i-jmr.org/2024/1/€52296

Materials

The following 3 existing, publicly available files were used in
this paper: (1) ICD-10/ICD-11 mapping tables[7], (2) ICD-11
simple tabulation [8], and (3) the second revision of the
ICD-10-CCM [9].

Thefirst 2 files were downloaded from the WHO website, and
the ICD-10-CCM was released by the Nationa Health
Commission of the People’s Republic of China.

Research Methods

The ICD-10-CCM neoplasm codes were manually recoded by
the ICD-11 coding tool [10] based on the International
Classification of Diseases, Eleventh Revision, Mortality and
Morbidity Statistics (ICD-11 MMS) codes to generate an
ICD-10-CCM/ICD-11 mapping table for neoplasms. The 3
existing filesand the |CD-10-CCM/ICD-11 mapping table were
used to analyze |CD-11 features, namely, the coding structure,
coding capacity, grouping changes, expression ability,
expression flexibility, and the expression of postcoordination
in the neoplasm classification.

Mapping | CD-10-CCM to ICD-11 Codes

Due to the homology of the morphology section between the
ICD-10 and ICD-11, mapping was performed for only the
topography codes. To ensure the accuracy of the results, manual
recoding was independently implemented by 2 authors who
both had more than 10 years of coding experience and had
received | CD-11 training. Inconsistent resultswere resolved by
consulting asenior coder from the Collaborating Center for the
WHO Family of International Classificationsin China.

Statistical Standards

Leaf Codes
The ICD-10, ICD-10-CCM, and ICD-11 MMS codes that can

be used at the lowest level are called leaf codes. All statistical
analyses were based on the leaf codes.
Coding Capacity
This capacity involvesthe number of leaf codesthat can be used
in actual coding.
E
Grouping Changes
Grouping was based on the block structure of the ICD. The

equivalent groups included ICD-10 group 1 (malignant
neoplasms) and |CD-11 group 3 (malignant neoplasms, except
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for lymphoid, hematopoietic, central nervous system, or related
tissues), ICD-10 group 2 (in situ neoplasms) and ICD-11 group
4 (in situ neoplasms, except for lymphoid, hematopoietic, central
nervous system, or related tissues), and |CD-10 group 3 (benign
neoplasms) and ICD-11 group 5 (benign neoplasms, except for
lymphoid, hematopoietic, central nervous system, or related
tissues). If an1CD-10/ICD-10-CCM leaf codewas not classified
into the equivalent ICD-11 group, it was considered to have
undergone a grouping change.

Expression Ability

For each ICD-10-CCM code, we identified the best-matching
ICD-11 MMS leaf code. When all the clinical details in the
diagnosis were expressed without redundant information, the
code was considered fully represented. This study also defined
the synonyms contained in the Foundation Component as afulll
representation.

Statistical Analysis

All data were analyzed with SPSS (version 25.0, IBM). The
changes in coding capacity, groups, and expression ability
between the ICD-10 and ICD-11 were described as rates and
percentages. The chi-square test was used to determine the
difference in grouping changes when mapped to the ICD-11
between the ICD-10 and |CD-10-CCM. The chi-squaretest was
also used to analyze the difference in full expression ability
among the 4 1CD-10-CCM groups, and the Bonferroni method
was used for pairwise comparisons. The chi-square test was
used to analyzethedifferencein full expression ability between
the changed and unchanged groups mapped to the ICD-11. The
¢ correlation coefficient was used to analyze the correlation

Xuet al

between expression ability and grouping changes. Statistical
significance was set at P<.05.

Results

Coding Features

Coding Structure

Chapter 2in both the ICD-10 and |CD-11 addresses neoplasms,
and the codes in both versions are alphanumeric but have
different structures. The ICD-10 codes for neoplasms consist
of topography codes and morphology codes. The topography
codesrangefrom C00 to D48. Except for leaf codes, the coding
range, categories, and subcategories of the ICD-10-CCM are
the same asthose of the |CD-10. The |CD-10 morphology codes
consist of 5 digits. The first 4 digits identify the histological
type of the neoplasm, and the fifth digit, following a dlash (/),
indicates its behavior. In the ICD-10-CCM, the morphology
codes consist of 6 digits, with afifth number before the slash.

In contrast, the coding structure of the ICD-11 MM S codes has
dramatically changed. It is composed of stem codes and
extension codes that are connected by an ampersand (&). The
precoordinated stem codes consist of sites and essential
morphology types. The newly added chapter on extension codes
addresses other morphology types and greater site specificity
[11], as well as stage, grading, laterality, and the diagnostic
method. These codes can be used for postcoordination. The
stem codes range from 2A00 to 2F9Z. The extension codes for
morphology are 6-digit codes composed of | etters and numbers,
starting with the letter X. Examples of the ICD-10 and ICD-11
complete neoplasm codes are shown in Table 1.

Table 1. Examples of the International Classification of Diseases, Tenth Revision (ICD-10), Chinese Clinical Modification of the International
Classification of Diseases, Tenth Revision (ICD-10-CCM), and International Classification of Diseases, Eleventh Revision (1CD-11) complete neoplasm

codes.
Neoplasm ICD-10 ICD-10-CCM ICD-11
Topography code Morphology code Topography code Morphology code Stemcode — Extension codes
Adenocarcinoma of thecommon  C24.0 8140/3 C24.003 81400/3 2C15.0 e &XS6H
bile duct, stage 11, diagnosis con- o &XYO9Q

firmed by histology

In the ICD-10, C24.0 represents a malignant neoplasm of the
extrahepatic bile duct, and 8140/3 represents adenocarcinoma.
InthelCD-10-CCM, C24.003 represents amalignant neoplasm
of the common bile duct, and 81400/3 represents
adenocarcinoma. In the ICD-11, 2C15.0 represents
adenocarcinoma of the distal bile duct, X S6H represents stage
I, and XY 9Q represents a diagnosis confirmed by histology.
We used the the ICD-11 coding tool website [10].

Coding Capacity

Categories, subcategories, and leaf codes can be used for
statistics, but only leaf codes can be used for actual coding. In
the ICD-10, chapter 2 includes 759 leaf codes [7]. In the
|CD-10-CCM, thetopography codes are basically expanded by
refining the sites, with 3634 leaf codes for neoplasms. Taking
malignant neoplasm of the nasal cavity (C30.0) as an example,
the ICD-10-CCM contains 5 additional leaf codes, such as a

https://www.i-jmr.org/2024/1/€52296

malignant neoplasm of nasal cartilages (C30.001) and a
malignant neoplasm of the nasal concha (C30.002).

IntheCD-11, chapter 2 includes 1037 leaf codes[8]. Compared
with the ICD-10, the number of ICD-11 |eaf codeswas expanded
by 36.6%, which is conducive to better granularity of statistics
and classification.

Classification Feature

ThelCD-11 hasreadjusted the neoplasm groups. Inthe ICD-10,
chapter 2 was divided into 4 groups: malignant neoplasms, in
situ neoplasms, benign neoplasms, and neoplasms of uncertain
or unknown behavior. In the ICD-11, chapter 2 was increased
to 7 groups (Table 2). The newly added ICD-11 group 1 includes
all neoplasms of thebrain and central nervous system, regardless
of behavior, and the newly added 1CD-11 group 2 includes all
hematopoietic and lymphoid tissues. The ICD-10 group 4 was
split into 2 separate groups: ICD-11 group 6 (neoplasms of
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uncertain behavior) and ICD-11 group 7 (neoplasms of unknown

Xuet al

behavior).

Table 2. Grouping changes between the International Classification of Diseases, Tenth Revision (ICD-10) and the International Classification of

Diseases, Eleventh Revision (ICD-11).

Classification system ICD-11
Groupl Group2 Group3 Group4 Group5 Group6 Group7 Other chapters No mapping
ICD-10 codes, n
Group 1 238 912 352 nAP NA NA NA @ 2
Group 2 N/A N/A N/A 57 N/A N/A N/A N/A N/A
Group 3 112 N/A 12 N/A 146 N/A N/A 12 N/A
Group 4 112 182 N/A N/A N/A 482 512 s 2
|CD-10-CCM codes, n
Group 1 032 4992 1252 NIA N/A N/A N/A 172 3
Group 2 N/A N/A N/A 169 N/A N/A N/A N/A N/A
Group 3 1182 NA 4 NA 79 NA  NA g N/A
Group 4 852 602 N/A N/A N/A 3162 1492 182 55

8 ndicates grouping changes. The ICD-10 and |CD-10-CCM no mapping codes were not included in the statistical analysis of this study. Hence, 755
1CD-10 codes and 3576 |CD-10-CCM codes were used for percentage and chi-square analyses.

BN/A: not applicable.

Intotal, 27.4% (207/755) of ICD-10 codes underwent grouping
changes. Among them, 150 codes were migrated by 1 group,
56 by 2 groups, and one by 3 groups. Inthel CD-10-CCM, 38%
(1359/3576) leaf codes underwent grouping changes (Table 2).
A chi-square test revealed significant differences in grouping
changes between the ICD-10 and ICD-10-CCM (x%,=30.3;
P<.001).

Expression Features
Expression Ability
Because of the classification changes, 58 of the 3634

ICD-10-CCM codes for neoplasms could not be recoded. In
total, 3576 codes were included in the manual recoding study.

Theresults of 2 separate recodings showed that 6% (213/3576)
codes were mapped inconsistently. A total of 32 stem codes
were inconsistent, and 181 extension codes differed. The 213
codeswereal identified after consultation with the senior coder
from the Collaborating Center for the WHO Family of
International Classificationsin China.

The final results showed that 16.6% (594/3576) codes were
fully represented without postcoordination, 51.2% (1830/3576)
codes were fully characterized with postcoordination, and the
remaining 32.2% (1152/3576) codes were only partialy
described (Table 3). In addition, 7% (252/3576) codes were
fully represented when using uniform resource identifiers
(URIs).

Table 3. Comparison of the International Classification of Diseases, Eleventh Revision (ICD-11) expression ability among the 4 Chinese Clinical
Modification of the International Classification of Diseases, Tenth Revision (ICD-10-CCM) groups.

ICD-10-CCM  Tota Full representation Partial representation
group codes, N
With PC? (a), n Without PC (b), n  Codes (n1=atb), n Codes(n1/N), % Codes(n2), n Codes (n2/N), %

Group 1 1861 935 406 1341 72.1 520 27.9
Group 2 169 106 44 150 88.8 19 11.2
Group 3 918 501 73 574 62.5 344 375
Group 4 628 288 71 359 57.2 269 428
Tota 3576 1830 594 2424 67.8 1152 32.2

8pC: postcoordination.

Based on the 4 ICD-10-CCM groups, ICD-11 significantly
differed in expression ability (x23:93.7; P<.001). The Bonferroni

method showed that the |ICD-11 had the most robust expression
ability in the ICD-10-CCM group 2, followed by the

https://www.i-jmr.org/2024/1/€52296

ICD-10-CCM group 1, and there was no significant difference
between the remaining 2 groups.

Based on whether grouping changes occurred during mapping,
73.1% (1620/2217) ICD-10-CCM codesin the unchanged group
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and 59.2% (804/1359) ICD-10-CCM codesin the changed group
were fully expressed, and the difference was significant

(X?,=74.7, P<.001). Expression ability had anegative correlation
with grouping changes (r=—144; P<.001).

Expression Flexibility

The expression flexibility of the ICD-11 is reflected in many
aspects. For instance, in the 1CD-10, the subcategory “.8"
generaly describes overlapping neoplasm sites, while in the
ICD-11, several methods are used. Specificaly, the ICD-11
uses multiple extension codes. Sometimes, only 1 extension
code is used, such as XA4YWS8 (overlapping sites of the
esophagus). Occasionally, the ICD-11 describes this condition
through stem codes, such as 2B71.0 (adenocarcinoma of the
esophagogastric junction). ICD-11 classifications can also be
represented through URIs, for instance,
http://id.who.int/icd/entity/419755630 (Kaposi sarcoma of
multiple organs).

Xuet al

Expression flexibility is also reflected in the additional option
of postcoordination, which can meet the different requirements
of most hospitals for clinical phenotype mining. For example,
a patient with hepatocellular carcinoma in the left lobe of the
liver that causes chronic intermittent cancer pain and tumor
anemia would be coded as
2C12.02& X A5766/M G30.10& X T5G/3A71.0. Postcoordination
fully expresses the clinical phenotypes and demonstrates the
relationship between diseases and clinical phenotypes.

Expression of Postcoordination

According to the ICD-10-CCM/ICD-11 mapping table, 60.5%
(2164/3576) of codes had postcoordination, and the average
amount of postcoordination per code was approximately 0.7.
Regarding the type of postcoordination, the proportion of
specific anatomy (1907/3576, 53.3%) wasthe highest, followed
by histopathology (201/3576, 5.6%), and the remaining
dimensions were basically less than 2% (Table 4).

Table4. Expression of postcoordination in the Chinese Clinical Modification of the International Classification of Diseases, Tenth Revision/International
Classification of Diseases, Eleventh Revision (ICD-10-CCM/ICD-11) mapping table.

Codes, n (%)

Number and dimensions of postcoordination

0 1412 (39.5)
No

1
Specific anatomy 1750 (48.9)
Histopathology 176 (4.9)
Alternative severity 2 60 (1.7)
Laterality 5(0.1)
Course of the condition 3(0.1)
Stem codes 3(0.1)

2
Specific anatomy/specific anatomy 118(3.3)
Specific anatomy/hi stopathol ogy 17 (0.5)
Specific anatomy/laterality 8(0.2)
Histopathol ogy/alternative severity 2 8(0.2)
Alternative severity 2/stem codes 2(0.1)

3
Specific anatomy/specific anatomy/specific anatomy 11 (0.3
Specific anatomy/specific anatomy/laterality 3(0.1)

Discussion ability (67.8%) was dlightly higher than that in other studies

(60%) [12,13]. Among the 4 ICD-10-CCM groups, there were

Principal Findings

The different coding structure of the ICD-11 provides
advantagesin terms of coding granularity, coding capacity, and
expression flexibility. According to the mapping tables, the
grouping changes between the ICD-10 and ICD-10-CCM
differed ()(21:30.3; P<.001). Meanwhile, neither the ICD-10

group 2 nor the | CD-10-CCM group 2 exhibited group migration
when mapped to the ICD-11. In this study, ICD-11 expression

https://www.i-jmr.org/2024/1/€52296

significant differencesin expression ability (x23:93.7; P<.001),
with 1CD-10-CCM group 2 having the highest expression ability.
The expression ability negatively correlated with grouping
changes (r=-0.144; P<.001).

The expression ability of the ICD-11 was still underestimated.
There were many reasons why 1152 ICD-10-CCM codes did
not have full representation, some of which can be avoided in
actual cases. Firgt, of the 296 ICD-10-CCM codes mapped to
the |CD-11 group 1, only 26 (8.8%) codeswerefully expressed,
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which is far below the overall level. Among them, 217 codes
cannot be fully expressed because most of the stem codes in
ICD-11 group 1 do not include behavior. However, in coding
actual cases with morphological types, some stem codes,
including behavior, would be used instead of the residual
category. Therefore, in actual coding, the expression ability of
this group would be higher than that determined in this study.

Second, 714 codes could not be fully expressed due to site
classification. Fortunately, 109 codes detailing specific sites
may be resolved by refining the value set of extension codes.
Examples include the frenulum of the upper lip, the ileocecal
valve, and the rectouterine recess. However, there were also
some codes for which the classification was different, such as
peripheral nervous system neoplasms. This condition could be
solved by coding the actual cases. In addition, somewords, such
as canceration of the gastric stump and cervical stump, need to
be addressed.

Third, URIs can supplement the function of the ICD-11 MMS
codes, especially for some diseases that cannot be identified by
the ICD-11 codes. For instance, URIs
(http://id.who.int/icd/entity/1595913346) make classic Kaposi
sarcoma classifiable. The new coding system can also make
other diseases identifiable [14-16], such as chronic pain and
rare diseases. In summary, the ICD-11 has advantagesin terms
of actual coding and can address the expression needs of
neoplasms.

ThelCD-11VsthelCD-10

Compared to the ICD-10, the ICD-11 has undergone significant
changes from design to use. First, the design purpose of the
| CD-11 has changed. For more than acentury, the |CD hasbeen
the basis for comparable statistics on causes of mortality and
morbidity between places and over time. As a statistically
friendly classification system, when the ICD-10 is used for
clinical term records and diagnosis-related grouping, it cannot
meet practical needs, resulting in various expanded versions of
the WHO ICD-10 in multiple countries, which often leads to
inconsistent statistical standardsfor data. In contrast, the|CD-11
isaclinically friendly classification system that meets diverse
goals beyond mere health statistics, including clinical term
records, patient safety and quality, reimbursement, decision
support, and more. The ICD-11 is entirely digital, terminology
is coded with the coding tool and application programming
interface, and it has a semantic knowledge base; these features
are beneficial for standardized data collection. In short, the
ICD-11 has benefits in terms of obtaining statistics as well as
multiaxial coding, coding granularity [4,17,18] and
standardization, achieving the integration of terminology and
classification. Asshownin Table 1, although the ICD-10-CCM
codes are expanded and refined at the leaf codelevel, the capture
of clinical detailsistill weaker compared to the |ICD-11 codes.

Second, the design concept of the ICD-11 is different. The
|CD-10isanindependent classification system, and the standard
terminology set for the ICD-10 has been developed
independently. Differently, the ICD-11 has good semantic
interoperability with other classification systems through
harmonized methods. The Systematized Nomenclature of
Medicine-Clinical Terms (SNOMED CT) is considered one of
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the most comprehensive clinical terminologies in the world
[19]. The ICD-11 Foundation Component, which includes
semantic network concepts and their relationships, is organized
around the Common Ontology from a subset of the SNOMED
CT [20,21]. The Common Ontology has been harmonized with
ICD text definitions, primarily from the SNOMED CT clinical
findings hierarchy (findings, disorders, and disease) and
secondarily from other hierarchies (situations, events, social
context, and so on) [22]. The rich Foundation Component has
approximately 80,000 entries and 40,000 synonyms [5]. The
ICD-11 linearizations, including the ICD-11 MMS and the
International Classification of Diseasesfor Oncology (ICD-0),
are subsets derived from the Foundation Component. The
|CD-11 integrates the morphology section of the |ICD-O, ICD-O
linearization, and tumor node metastasi s classification, and the
histopathology codes of the ICD-11 are also compatible with
the ICD-O [4]. Additionally, the ICD-11 integrates numerous
clinical terminologies from some expanded versions of the
WHO ICD-10. Compared to other classifications, the ICD-11
has advantagesin terms of concept coverage and compatibility.

Third, the ICD-11 has stronger logical links between codes. If
multiple codes are needed for disease expression, thereisalack
of practical connections between ICD-10 codes. Inthe ICD-11,
precoordination contains the site and morphology, and the
postcoordination of morphology and the clinical phenotype is
linked to stem codes through an ampersand (&) and slash (/).

In addition, the ICD-11 contains rich dimensions of
postcoordination. Compared to the 1CD-10, which provides
information only about topography and morphology, the|CD-11
can also include other dimensions of postcoordination, such as
stage, grading, laterality, and the diagnostic method. ThelCD-11
coding system is more conducive to unifying national cancer
registration in these dimensions. However, dueto thelimitations
of the ICD-10 coding structure, these dimensions of
postcoordination were missing when mapped to the ICD-11,
with only 0.7 postcoordination per code, and its expression
ability cannot be truly reflected.

Moreover, the ICD-11 has more expression flexibility. The
ICD-10 coding systemisfixed and single. TheCD-11 provides
2 setsof codes: ICD-11 MM Scodesand URIs. InICD-11MMS
codes, astem code can be used alone or with optional extension
codes. A URI isastring of characters that uniquely identifies
a particular entity. Therefore, a coding system with good
expression flexibility can meet the coding granularity and
clinical phenotype mining requirements of hospitalsat different
levels.

Finaly, the ICD-11 has different update mechanisms. The
|CD-10 updatesrelatively slowly. In 1999, the WHO established
the Update Advisory Committee as the only authoritative body
revising the ICD-10. In 2005, the WHO officially published the
second edition of the ICD-10 and continued to issue revisions
to the relevant content of the ICD-10 through official channels
every year. The ICD-11 provides a web-based coding tool
instead of paper environments, which is highly beneficial for
timely updates. It has a real-time updated orange version and
an annually updated blue version.
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Overdll, the eleventh revision is more extensive than any other
revision since the sixth in 1948. These design-level features
makethe | CD-11 competitive with other classification systems.

Challenges of Replacement

The improvements described above also pose challenges for
replacing the|CD-10 with the|CD-11. Compared to the ICD-10,
the ICD-11 leaf codesfor neoplasms have expanded by 36.6%,
and there are also approximately 16,000 extension codes. Hence,
the expression ability of the ICD-11 for clinical details far
exceedsthat of the |CD-10 and ICD-10-CCM. However, codes
with better granularity require clinicians to record diagnoses
and treatments in greater detail. It is essentia to carry out the
necessary interventions to enhance medical record
documentation according to ICD-11 before or simultaneously
with country-wide implementation [23]. Clinicians will be
required to have agood understanding of the |ICD-11. Otherwise,
the best classification system is just a decoration.

Second, coders are accustomed to using the old classification
system and need time to familiarize themselves with the new
coding system and tool. Studies have shown that some coders
have difficulties coding on the web due to alack of familiarity
with software [24,25]. In this study, 2 skilled coders who
received ICD-11 training till had 213 inconsistent codes.
Web-based coding requires high professional ability. Studies
have also shown that the reliability and accuracy of ICD-11
coding are lower than those of ICD-10 coding [23-25]. In the
early stages of ICD-11 promotion, countries involved in the
transition need to conduct | CD-11 training and transform coders
coding concepts. To maintain coding accuracy, developing
high-quality ICD-11 training materials, training processes, and
local ICD-11 guidelinesis effective [23,26].

Moreover, many countries have applied the ICD-10 in different
fields, such as mortality and morbidity statistics,
diagnosis-related grouping, and cancer registries. Thereisaso
apotential challengewith IT systems being able to adopt anew
classification that alows for unlimited width in fields.
Stakeholders must upgrade their information systems to meet
the needs of the ICD-11, which requires a significant amount
of time and money to hire medical, IT, and management
personnel to complete this transformation. The experience of
the United Statesin replacing | CD versions can provide abetter
reference. Inthe United States, because of significant opposition
and reservations expressed by stakeholders, it took 6 yearsfrom
the adoption of the International Classification of Diseases,
Tenth Revision, Clinical Modification (ICD-10-CM) to complete
the transition [27], and the costs associated with the transition
were estimated to be between US $475 million and US $1.5
billion dollars, including training, productivity losses, and
system changes [28].

Importantly, the ICD-10 and ICD-11 will coexist for a long
time before replacement, which contributes to solving some
problems. The parallel implementation of the 2 classification
systems can ensure government policy continuity. In January
2022, the pilot application program to promote ICD-11 was
launched in China, with 59 large general public hospitals from
al provinces participating. However, ICD-11 is not fully
understood by other hospitals. The impacts of the new
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classification system implementation included coding accuracy,
| CD version mapping, and more[29]. The ICD version mapping
can be used for interoperability between coded data sets [30].
Hospitals do not require dual coding and use ICD-11 to report
data. If a hospital needs dua coding, a mapping table can
significantly reducethetime, at least by half, spent on duplicate
coding. A map can also maintain the same accuracy of ICD-11
coding for al hospitals and alert codersif there are any coding
errors. Usually, ahigh-quality map requires substantial manual
curation, and some studies use a gorithmic mapping approaches,
such as sequential mapping [30]. Some scholars have devel oped
hybrid methods, such as automatic mapping and manual review
[31], semiautomatic mapping, and manua evaluation [32].
Although automatic coding has many benefits, supervised and
manual mapping are still necessary [33]. Undeniably, there may
be some issues with the use of mapping tables. A study has
shown that 14.5% of International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) codes used
by internists, when mapped to the ICD-10-CM, resulted in
potential clinical inaccuracies [34]. In general, a high-quality
map would contribute to the smooth transition of ICD-11, and
multiple mapping methods can be explored. Thisstudy confirms
the feasibility of using manual mapping tables for neoplasms
between the ICD-10-CCM and ICD-11. To date, the results of
some studies on the transition to the ICD-11 have also been
optimistic [17,18].

In addition, although the WHO providesan ICD-11 coding tool,
countries must continue optimizing thistool. A mapping table
can improvethe intelligence of the coding toal. If thetermsare
the same as those in the mapping table, the coding tool can
automatically load the coding cluster without selecting
postcoordination one by one. The accuracy and efficiency of
ICD-11 coding largely depend on how well the coding tool is
optimized. It is necessary to continuously optimize the coding
tool before fully promoting the ICD-11.

Limitations

This study had some limitations that must be considered. First,
this study focused only on the clinical condition of neoplasms.
However, the chapter on neoplasms is quite complex and one
of the most varied chapters on other conditions, with significant
changes. Moreover, patients with cancer may experience
different manifestations, including chronic, surgical, and
emergency conditions. For example, a patient with long-term
chronic hepatitis B causing cirrhosis and liver cancer was
admitted to the hospital for emergency surgery due to a tumor
rupture. Furthermore, the burden of cancer in China continues
to grow with the aging population. According to statistics, the
crude cancer mortality rate increased from 108.3 per 100,000
individuals in the 1990-1992 period to 170.1 per 100,000
individuals in 2015 [35]. Significantly, the research method is
well thought out. Manual mapping can provide a good
understanding of the new ICD-11 features and help individuals
familiarize themselves with the characteristics of the new
classification systems. As a method, manual mapping can be
extended to other conditions. More conditions can be gradually
incorporated, especially emergency and surgical conditions, in
the future.

Interact JMed Res 2024 | vol. 13 | €52296 | p.128
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH

Second, this study used only manual mapping, which is
time-consuming and laborious. Other methods combined with
manual mapping can be continuously explored, especially
automatic mapping between the 1CD-10-CCM and I1CD-11,
including algorithmic mapping and machine learning
approaches.

Conclusion

Neoplasm classification has undergone many improvementsin
the ICD-11, especially the new coding system, improved
expression ability, and good semantic interoperability. The new
coding system provides advantagesin coding granularity, coding
capacity, and expression flexibility. Moreover, 67.8% of
|CD-10-CCM neoplasm codes can be fully represented by the

Xuet al

ICD-11, and expression ability negatively correlates with
grouping changes (r=—0.144, P<.001). The more significant the
changesin anew classification system are, the lessinformation
can be expressed when mapped to other databases. The use of
URIs and mai ntenance mechanisms can increase the expression
ability for coding in actual cases. In addition, the good semantic
interoperability of the ICD-11, integrating numerous clinical
terminologies from the SNOMED CT, the ICD-O, the tumor
node metastasis classification, and expanded versions of the
WHO ICD-10, makes the ICD-11 competitive with other
classification systems. The transition to the ICD-11 will
inevitably bring numerous challenges for clinicians, coders,
policy makers and IT technicians, and many preparations will
be necessary.
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Abstract

Background: Artificial intelligence (Al) has garnered considerable attention in the context of sepsis research, particularly in
personalized diagnosis and treatment. Conducting a bibliometric analysis of existing publications can offer a broad overview of
the field and identify current research trends and future research directions.

Objective: The objective of this study isto leverage bibliometric data to provide a comprehensive overview of the application
of Al in sepsis.

Methods: We conducted a search in the Web of Science Core Collection database to identify relevant articles published in
English until August 31, 2023. A predefined search strategy was used, evaluating titles, abstracts, and full texts as needed. We
used the Bibliometrix and VVOSviewer tools to visualize networks showcasing the co-occurrence of authors, research institutions,
countries, citations, and keywords.

Results: A total of 259 relevant articles published between 2014 and 2023 (until August) were identified. Over the past decade,
the annual publication count has consistently risen. Leading journals in this domain include Critical Care Medicine (17/259,
6.6%), Frontiersin Medicine (17/259, 6.6%), and Scientific Reports (11/259, 4.2%). The United States (103/259, 39.8%), China
(83/259, 32%), United Kingdom (14/259, 5.4%), and Taiwan (12/259, 4.6%) emerged as the most prolific countries in terms of
publications. Notable institutions in this field include the University of California System, Emory University, and Harvard
University. The key researchersworking in thisareainclude Ritankar Das, Chris Barton, and Rishikesan Kamaleswaran. Although
theinitial period witnessed arelatively low number of articles focused on Al applications for sepsis, there has been a significant
surge in research within this areain recent years (2014-2023).

Conclusions: This comprehensive analysis provides valuable insights into Al-related research conducted in the field of sepsis,
aiding health care policy makers and researchers in understanding the potential of Al and formulating effective research plans.
Such analysis serves as a valuable resource for determining the advantages, sustainability, scope, and potential impact of Al
modelsin sepsis.

(Interact J Med Res 2024;13:e€54490) doi:10.2196/54490

KEYWORDS

Al; artificia intelligence; bibliometric analysis; bibliometric; citation; deep learning; machine learning; network analysis;
publication; sepsis; trend; visualization; VOSviewer; Web of Science; WoS
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Introduction

Sepsis is a life-threatening medical emergency [1] affecting
approximately 48.9 million individuals globally each year and
potentially contributing to over 11 million deaths[2]. Previous
studies indicated that sepsis-related hospitalization can result
infatal outcomesin 30%-50% of cases[3,4]. However, prompt
stratification and the timely administration of specific treatments
have the potential to lower sepsis-related mortality. Identifying
sepsis at an early stage can be challenging due to the complex
pattern of the disease [5,6] and the diversity of the septic
population [7].

Artificial intelligence (Al) has piqued interest in its excellent
potential to stratify patients with a high risk of sepsis [8]. In
recent times, Al models have seen widespread application in
the prediction of sepsis and have shown superior performance
compared with conventional statistical methods [9,10]. Yet, no
study has shed light on the variety of Al applications and their
potential and limitations in sepsis through a scientific
consolidation of knowledge. Bibliometric analysis aids
researchersin comprehending specific research fields, acrucial
aspect for guiding both future research endeavors (eg, what else
should we know) and practical implementation (eg, what should
we do) [11]. This research aims to address the following
guestions, with the intent of advancing the previous research
on the application of Al in sepsis: (1) What countries,
institutions, sources, and documents have demonstrated the
highest productivity within the realm of Al applied to sepsis?
(2) What are the hot research topics and themes of research in
the application of Al in sepsis? (3) What methods are mainly
applied in the existing body of literature? (4) What types of
limitations appeared in the existing literature regarding the
application of Al in sepsis? and (5) What are the literature gaps
and future research agendas?

In this study, we could systematically investigate shifts in
publication growth, offering more valuable insights to fellow
researchers and policy makers engaged in priority setting and
assessment.

Methods

Data Source

We leveraged extracted data from the Web of Science Core
Collection as of August 31, 2023. We used Web of Science for
its comprehensive coverage across multiple databases,
comprising awiderange of bibliometricindicatorsand literature
from various disciplines. Using a predefined search strategy,
we intended to include all relevant literature for bibliometric
analysis. We used the following key words: artificial intelligence
OR computational intelligence OR deep learning OR computer
aided OR machine learning OR support vector machine OR
data learning OR artificial neural network OR digital image
OR convolutional neural network OR evolutionary algorithms
OR feature learning OR reinforcement learning OR big data
ORimage segmentation OR hybrid intelligent system OR hybrid
intelligent system OR recurrent neural network OR natural
language processing OR Bayesian network OR Bayesian
learning OR random forest OR evolutionary algorithms OR

https://www.i-jmr.org/2024/1/€54490
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multiagent system AND sepsis. The collected records contained
essential attributes, including publication date, authorship,
institutional affiliation, geographic origin, and cited references.
This data set served as the foundation for our subsequent
analytical investigations.

Inclusion and Exclusion Criteria

The titles and abstracts underwent initial screening by 2
independent authors (MW and TNP). If there was uncertainty
from one reviewer regarding whether the article met the
inclusion criteria, it wasincluded for athorough full-text review.
Following this, both authors independently assessed the fulll
text, and any differences in opinion were resolved through
consensus with the research team. We considered studies for
inclusion if they met thefollowing criteria: (1) they werewritten
in English, and (2) they applied Al models in the context of
sepsis. In this study’s screening process, we included research
or review articles published in peer-reviewed journas,
conference proceedings, reviews, and early access articles. We
excluded studies if they were published as letters, editorials,
book chapters, or books.

Data Collection and Preprocessing

To ensure compatibility with Bibliometrix and VOSviewer [12],
we saved the data in the “**.txt” format, a format recognized
by both toolsfor conducting analyses. Our data set encompasses
a comprehensive range of information, including titles, list of
authors, name of countries, list of ingtitutions, abstracts,
keywords, name of journals, and publication dates.

Statistical Analysis

Bibliometrix and VOSviewer tools were used to uncover the
knowledge structure, most influential countries, research hot
spots, and productive authors, along with various bibliometric
insights. The processed data were uploaded into these
bibliometric tools, and analysis was conducted based on the
information included within the datadocuments[13]. Afterward,
we generated network maps among journal s, authors, countries,
and ingtitutions, where individual points symbolized authors,
countries, or ingtitutions. Moreover, connected lines in the
network maps depi cted the rel ationships between these entities.
Larger points and more robust lines indicated a higher number
of articles and more substantial collaborative relationships,
respectively [14,15].

We computed the annual growth rate of publications. Theannual
publication count, annual growth, and average growth rate of
publications were determined through the following methods:

]

Where N is the total number of articlesin the current year, and
N,_; isthe total number of articlesin the previous year.

Furthermore, we conducted an analysis of publication trends
based on the following criteriac the top 10 most prolific
countries, ingtitutions, journals, authors, and studiesin thisarea.
The rankings of countries, ingtitutions, journals, and authors
were determined based on the number of articles.
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Results

Distribution of Articles by Publication Year

Theinitial searchyielded 327 articlesfocused on the application
of Al in sepsis. After applying predefined inclusion criteria, 68
articles were deleted, leaving 259 articles for the final analysis
(Figure 1).

Wuetd

Over time, there has been a substantial rise in the number of
publicationsin thisfield. Notably, the yearly publication number
increased from just 2 articlesin 2014 to 72 articlesin 2022. It
is important to note that before 2018, the yearly publication
count did not cross 10 articles. The calculated annual growth
rate was found to be 44.81% (Figure 2).

Figure 1. A diagram for the detailed selection criteria and bibliometric analysis steps of applying artificial intelligence to sepsisin the Web of Science

Core Collection database.
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Figure 2. Trendsin the number of publications on the application of artificial intelligence to the study of sepsis from 2014 to 2023 (August).
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Distribution of Source Journals

A total of 122 journals published articles on the application of
Al in sepsis. Among them, the Critical Care Medicine journal
was the most productive, having published 6.6% (17/122) of
articles in this domain (Table 1). Frontiers in Medicine,

https://www.i-jmr.org/2024/1/€54490
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2018

2019 2020 201 2022 2023 2024

Year

Scientific Reports, and the American Journal of Respiratory
and Critical Care Medicinewerein the second, third, and fourth
positions, publishing 17, 11, and 7 articles, respectively, on this
topic. However, the top 10 journals published 86 articles,
accounting for 33.2% (86/259) of al publicationsin this area.
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Table 1. Thetop 10 journals with publications on the application of artificia intelligence in sepsis from 2014 to August 2023.

Rank  Journal Country Category Publication frequency, Impact 5-year
n (%) factorin  impact
2022 factor
1 Critical Care Medicine United States  Engineering, electrical, and 17 (6.6) 8.8 8.4
electronics
2 Frontiersin Medicine Switzerland Multidisciplinary science 17 (6.5) 3.9 4.2
3 ientific Reports United King-  Multidisciplinary science 11 (4.2) 4.6 4.9
dom

4 American Journal of Respiratory and Critical  United States  Multidisciplinary science 7(2.7) 24.7 219
Care Medicine

5 Frontiersin Immunology Switzerland  Clinica neurology 6(2.3) 73 8.0

6 Intensive Care Medicine United States  Neurosciences 6(2.3) 38.9 27

7 Journal of the American Medical Informatics United States  Computer scienceandinterdis- 6 (2.3) 6.4 6.3
Association ciplinary applications

8 PLoSOne United States  Neurosciences 6(2.3) 3.7 38

9 BMC Medical Informatics and Decision United King-  Engineering and multidisci-  5(1.9) 35 39
Making dom plinary

10 Computersin Biology and Medicine United States  Engineering and biomedical 5 (1.9) 7.7 6.9

Distribution of Countries and Regions

This study reveadled that researchers from 73 countries and
regions engaged in research on these subjects and published
their work in various international peer-reviewed journals. Out

of the total 259 articles, the United States made the most
substantial contribution with 103 publications (39.8%), followed
by Chinawith 83 publications (32%), United Kingdom with 14
publications (5.4%), and Taiwan with 12 publications (4.6%)
(Table 2).

Table 2. Thetop 10 countries and regions with publications on the application of artificial intelligence in sepsis from 2014 to August 2023.

Rank Country Articles, n (%)
1 United States 103 (39.8)
2 China 83(32)

3 United Kingdom 14 (5.4)

4 Taiwan 12 (4.6)

5 India 11 (4.2)

6 Netherlands 10(3.9)

7 Australia 8(3.1)

8 Canada 8(3.1)

9 Spain 7(2.7)
10 Germany 72.7)

Distribution of Institutions

Table 3 shows the top 10 most productive institutes that used
Al applications in sepsis. The University of California system
(22/259 articles, 8.5%) ranked first among all research

https://www.i-jmr.org/2024/1/€54490
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institutions, followed by Emory University (10/259 articles,
3.9%), Harvard University (10/259 articles, 3.9%), and Central
South University (8/259 articles, 3.1%).

Figure 3 shows the institution cooperation network of 117
institutions that published at least 1 article.
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Table 3. Thetop 10 institutes with publications on the application of artificia intelligence in sepsis from 2014 to August 2023.

Rank Institutions Country Publications, n (%)
1 University of California system United States 22 (8.5)
2 Emory University United States 10 (3.9)
3 Harvard University United States 10(3.9)
4 Central South University China 8(3.1)
5 Dascenalnc United States 8(3.1)
6 University of Pennsylvania United States 8(3.1)
7 Zhegjiang University China 8(3.1)
8 Stanford University United States 7(2.7)
9 Sun Yat-sen University China 727
10 Fudan University China 6(2.3)
Figure 3. Institution co-operation network.
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Distribution of Authors

A total of 259 articles were authored by 1444 individuals, each

swriss fediist technol S0 YARERN UNIV L

position with 8 articles, closely followed by Chris Barton (6
articles), Rishikesan Kamaleswaran (6 articles), and Suchi Saria

of whom had at least 1 article to their name. In Table 4, we

present the top 10 most prolific authors who conducted and
published research in these fields. Ritankar Das secured the top

https://www.i-jmr.org/2024/1/€54490
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(6 articles).

Our analysis shows that 1444 authors have published at least 1
article. The largest set of associated authors consisted of 20

authorsin 3 clusters (Figure 4).

Interact JMed Res 2024 | vol. 13 | €54490 | p.136
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Wu et &

Table 4. Thetop 10 authors with publications on the application of artificial intelligence in sepsis from 2014 to August 2023.

Rank Author Articles,n Citations, n h-index Affiliation

1 Das 8 1417 18 Dascenalnc

2 Barton 6 2277 25 University of California San Francisco
3 Kamaleswaran 6 861 14 Emory University

4 Saria 6 2635 23 Johns Hopkins University

5 Calvert 5 1152 17 University of California Berkeley

6 Hoffman 5 957 14 Dascenalnc

7 Li 5 2 1 Sun Yat-sen University

8 Nemati 5 2402 23 University of California San Diego

9 Adams 4 118 6 Johns Hopkins University

10 Davis 4 1253 17 University of Tennessee Health Science Center

Figure 4. The co-authorship network of authors who contributed research on the application of artificial intelligence to sepsis from 2014 to 2023
(August).

. o . Komorowski et al [16], titled “The Artificial Intelligence
Articles Cocitation Analysis Clinician learns optimal treatment strategies for sepsis in
Table 5 shows the top 10 most frequently cited publications.  intensive care” published in Nature Medicine in 2018 and
The publication that received the most citations was by  received atotal of 408 citations as of August 31, 2023.
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Table 5. Top 10 cited articlesin the application of artificial intelligence on sepsis research from 2014 to August 2023.
Rank  Author Journal Title Citation, n
1 Komorowski  Nature Medicine The Artificial Intelligence Clinician learns optimal treatment strategies for sepsisin 408
et a [16] intensive care
2 Nemati et al Critical Care Medicine  An Interpretable Machine Learning Model for Accurate Prediction of Sepsisinthe 329
2018 [17] ICU
3 Taylor et d Academic Emergency Prediction of In-hospital Mortality in Emergency Department Patients With Sepsis. 257
2016 [18] Medicine A Local Big Data-Driven, Machine Learning Approach
4 Desautelsetal  JMIR Medical Informat- Prediction of Sepsisin the Intensive Care Unit With Minimal Electronic Health 226
2016 [19] ics Record Data: A Machine Learning Approach
5 Fleurenetal  Intensive Care Medicine Machinelearning for the prediction of sepsis: asystematic review and meta-analysis 184
[10] of diagnostic test accuracy
6 Horng et a PlosOne Creating an automated trigger for sepsis clinical decision support at emergency de- 148
2017 [20] partment triage using machine learning
7 Gultepeeta  Journal of the American  From vital signsto clinical outcomes for patients with sepsis. a machine learning 101
2014 [21] Medical InformaticsAsso-  basis for aclinical decision support system
ciation
8 Giannini eta  Critical Care Medicine A Machine Learning Algorithm to Predict Severe Sepsisand Septic Shock: Develop- 100

ment, Implementation, and Impact on Clinical Practice

Predicting 30-days mortality for MIMIC-111 patientswith sepsis-3: amachinelearning 98

Medical decision support using machine learning for early detection of late-onset 97

2019 [22]
9 Houeta 2020 Journal of Translational

[23] Medicine approach using X Gboost
10 Mani et a Journal of the American

2014 [24] Medical InformaticsAsso- neonatal sepsis

ciation

Co-Occurrence Analysis of Top 100 Keywords

Keywords encapsul ate the central themes within a publication
and are ideal for examining interconnected areas of research.
In this study, we performed co-occurrence analysis to pinpoint
the prominent research focal pointsin thefield of Al application
in sepsis research, using the top 100 keywords. The extraction
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and clustering of thesetop 100 keywordswere performed using
VOSviewer.

Figure 5 illustrates our use of VOSviewer to create a visua
network map, consisting of 6 clusters based on the co-occurrence
of thetop 100 keywords. The core of this visualization network
map is occupied by the following keywords. sepsis (n=138),
machine learning (n=122), artificia intelligence (n=35), and
deep learning (n=20).
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Figure 5. The co-occurrence network of the top 100 keywords in artificial intelligence research for sepsis from 2014 to 2023 (August).
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Discussion

Main Findings

This study investigated the citation analyses of Al modelsin
sepsis research, scrutinizing the publication patterns related to
their application. This study reports a noteworthy upswing in
interest in this subject over the past decade, particularly
increasing from 2018 to 2022.

The substantial increaseinthe use of Al in health care research
is noteworthy. For instance, there was an 88.88% increase in
the use of Al in health care research after 2012, with only 10
countries contributing to over 96% of the studies [25]. Our
findings also indicate an annual growth rate of 44.81% in the
useof Al insepsis-related research. If this growth rate continues
in the future, we can anticipate the publication volume in the
domain of Al in sepsis-related research doubling approximately
every 5 years. Thisincreased number of publications indicates
advancements, improved functionality, and the overall progress
of Al in sepsis, especially when compared to other application
areas.

The number of publications exhibits geographical disparities
[26-28]. Recent research indicates arise in the application of
Al in health care research, particularly in developed countries
[12,29,30]. These nations are investing increased fundsinto Al
research and the development of Al tools to improve health
outcomes. This study aligns with these findings, highlighting
anincreased number of publications originating from devel oped
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countries. However, it underscorestheimportance of researchers
from devel oping nations stepping forward to contribute toward
achieving ultimate health goals. Effective collaboration among
clinical experts, Al model developers, and health care providers
is essentia to addressing the challenges at hand [31].

Selecting the appropriate journals for publication can be a
complex decision [32]. Authorstake variousfactorsinto account
when submitting, such as the accessibility of open-access
journals and the higher impact factor associated with certain
subscription journals [33]. Some authors prefer open-access
journas for their widespread availability after publication and
the potential for a higher number of citations [34]. Conversely,
subscription journals from reputabl e publishers attract attention
dueto their high impact factors [35,36]. New researchers often
struggle with the dilemma of where to submit their work. This
study shows that authors frequently weigh both open-access
and higher-impact—factor journals when publishing research
related to the application of Al in sepsis.

This study aimed primarily to highlight the most commonly
used data sets and algorithms in the current literature. The
majority of studies used the Multiparameter Intelligent
Monitoring in Intensive Care IIl (MIMIC-III) data set and
supervised machine learning models [37-39]. Notably,
Komorowski et a [16] introduced a reinforcement learning
model to predict sepsis in patients, demonstrating average
reliability levels higher than those of human clinicians. While
many studies used extensive training and testing data sets, the
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majority focused on single-centered data [39]. To apply these
models in real-world clinical settings, external validation
becomes necessary.

Strengths and Limitations

This study has several strengths. First, it is the first
comprehensive bibliometric analysis that sheds light on the
research trends of the application of Al in sepsis, illustrating
how this field has evolved. Second, this study gauges
productivity in terms of sources, authors, institutions, and
countries, while also visualizing word trends. This provides
novel and in-depth insights for both researchers and
practitioners. This study also has some limitations to address.
First, we only collected relevant publications from the Web of
Science, a widely used academic resource, for bibliometric
analyses [13,40-42]. Nevertheless, using other databases, such
as PubMed or Scopus, might have provided dlightly varied
findings. Second, our inclusion criteria comprised articles
published solely in English. However, inclusion of other
languages, gray literature, and books might have influenced
outcomes, particularly considering diverse cultural perspectives
among scholars on the application of Al in sepsis. Finally,

Authors Contributions

Wuetd

relying solely on article titles for the search may pose
limitations. However, our aim was to focus on publications
specifically addressing the application of Al in sepsis. Therefore,
atitle screening was deemed more suitable than a broader topic
search.

Conclusion

This study aimed to present a comprehensive overview of the
use of Al in sepsis through a systematic analysis of existing
literature. Thefindings of this study reveal anoticeableincrease
in the number of publications over the last 10 years. Until now,
developed countries have been the primary contributorsin this
field. Researchers from developing countries should step
forward, leveraging popul ation advantages and core technologies
in different regions to foster collaboration.

L eading multidisciplinary sciencejournals, including Frontiers
in Medicine, <ientific Reports, and the American Journal of
Respiratory and Critical Care Medicine, emerge as key
contributors to this topic based on the volume of published
articles. As the application of Al in sepsis research continues
to rise, this study serves as a valuable resource for researchers
seeking direction and opportunities for collaboration.
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the article critically for content; and approval of the final version to be submitted.
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Abstract

Background: The advent of digital health technologies has transformed the landscape of health care, influencing the dynamics
of the physician-patient relationship. Although these technologies offer potential benefits, they aso introduce challenges and
complexities that require ethical consideration.

Objective:  This scoping review aims to investigate the effects of digital health technologies, such as digital messaging,
telemedicine, and electronic health records, on the physician-patient relationship. To understand the complex consequences of
these toolswithin health care, it contraststhe findings of studiesthat use varioustheoretical frameworks and conceptswith studies
grounded in relational ethics.

Methods: Using the PRISMA-ScR (Preferred Reporting Itemsfor Systematic Reviews and M eta- Analyses extension for Scoping
Reviews) guidelines, we conducted a scoping review. Data were retrieved through keyword searches on MEDLINE/PubMed,
Embase, |IEEE Xplore, and Cochrane. We screened 427 original peer-reviewed research papers published in English-language
journals between 2010 and 2021. A total of 73 papers were assessed for eligibility, and 10 of these were included in the review.
The data were summarized through a narrative synthesis of the findings.

Results: Digital health technologies enhance communication, improve health care delivery efficiency, and empower patients,
leading to shiftsin power dynamicsin the physician-patient relationship. They also potentially reinforce inequitiesin health care
access due to variations in technology literacy among patients and lead to decreases in patient satisfaction due to the impersonal
nature of digital interactions. Studies applying arelational ethics framework have revealed the nuanced impacts of digital health
technol ogies on the physi cian-patient relationship, highlighting shiftstoward more collaborative and reciprocal care. These studies
have also explored transitions from traditional hierarchical relationships to mutual engagement, capturing the complexities of
power dynamics and vulnerabilities. Other theoretical frameworks, such as patient-centered care, and concepts, such as patient
empowerment, were also valuable for understanding these interactionsin the context of digital health.

Conclusions: The shift from hierarchical to collaborative models in the physician-patient relationship not only underscores the
empowering potential of digital tools but also presents new challenges and reinforces existing ones. Along with applications for
varioustheoretica frameworksand concepts, thisreview highlights the unique comprehensiveness of arelational ethics perspective,
which could provide a more nuanced understanding of trust, empathy, and power dynamics in the context of digital health. The
adoption of relational ethicsin empirical research may offer richer insightsinto the real-life complexities of the physician-patient
relationship, as mediated by digital technologies.

(Interact I Med Res 2024;13:e47280) doi:10.2196/47280
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Introduction

Rationale

Digital health technologies are revolutionizing the practice of
health care [1]. Driven by societal, political, and technological
advancements, these technol ogy-mediated changes are occurring
at an unprecedented pace. Envisioning a future in which
medicine can be personalized to individuals and diseases can
be foreseen and prevented, some experts have high hopes for
the potential of technology to improve human life [1,2].
However, skeptics argue that achieving personalization through
technology is an elusive paradox, as it fails to account for the
fundamental uncertainties and complexities of medicine and
the value of human interactions [3].

In the realm of medical practice, a physician’s primary goal is
to diagnose and treat patients' diseases by drawing upon their
biomedical expertise and years of clinica experience.
Nevertheless, a physician’s practice must also be guided and
adapted based on their relationship with the patient. A sustained
physician-patient relationship facilitates the tailoring of
therapeutic interventions to best suit individual patients’ needs
[4]. Interpersona skills honed over time through relational
interactions with patients cannot be directly replaced by
technology. Future technologies, including artificial intelligence,
can only interpret what is explicitly documented as text or
images in the electronic health record (EHR), which could lead
to potentially missing valuable information generated within
the physician-patient relationship, such as the patient’s val ues,
preferences, trust, and rapport [5,6]. Moreover, a doctor’'s
personality and nonreflective actions, such as active listening
or disregarding patient preferences, can have asignificant impact
not only on curing the patient’s iliness but also on maintaining
or exacerbating it [4]. Continuity of carewith the same physician
has been shown to reduce hospital admissions and mortality
rates[7]. Therapid integration of technology introduces complex
dimensionsto an already intricate relationship, necessitating an
exploration of technology’s impact on the physician-patient
dynamic.

Digital technology offers potential for both improvements and
risk, asit can efficiently reach alarger number of patients with
less effort. At best, this technology-mediated efficiency may
offer improved accessibility, real-time monitoring, and
personalized treatments. It can also bridge geographical divides,
connecting remote patients to specialists. At worst, it may be
harmful on a scale far beyond what a single physician could
achievein alifetime, potentially introducing systematic biases
on amassive, automatic scale.

A potential problem with research on digital health technologies
is the risk of bias, for example, when research funding comes
from for-profit organizations and technology providers. Asthere
may also be a dearth of independent research being published
in this domain, we risk developing a skewed view of the
evidence [8]. Additionally, while technological advancements

https://www.i-jmr.org/2024/1/e47280

surge ahead, ethical and regulatory frameworks have struggled
to keep pace with these developments [9], making the need for
new knowledge even more pressing.

Undeniably, digita technologiesare hereto stay and are already
reshaping medical practice and the physician-patient
relationship. Yet, moreresearch is necessary to truly understand
the nuanced implications of this shift. While technology
promises efficiency and precision, the physician-patient
relationship is rooted in intersubjective trust, empathy, and a
deep understanding that transcends quantifiable data. As we
further integrate technology into health care, it is therefore
essential to exploreitsimpact on thisfoundational relationship.
Does it have the potential to augment the bond, creating new
avenues for connection and understanding, or does it carry a
more detrimental potential to create distance, becoming ascreen
that separates rather than connects human beings? By delving
deeper into these questions, we can ensure that, as we advance
technically, we do not lose sight of the human touch that remains
at the heart of healing.

Objectives

This review explores the existing knowledge gap concerning
the impact of digital health on the physician-patient dynamic.
Additionally, we analyze various theoretical frameworks and
concepts used in empirical studies concerning this relationship
and contrast the findings of these studies with the results of
research grounded in relational ethics frameworks [10]. This
research focus has enabled us to identify the consequences of
using digital health technologies (such as digital messaging,
telemedicine, health-related websites, and EHRS) in
physician-patient relationships.

Methods

Overview

Due to the rapid advancementsin digital health care, thereisa
noticeable knowledge gap in the existing literature. A scoping
review was deemed a suitable review approach, as it is well
suited for providing an updated understanding of the current
state of knowledge [11]. This scoping review was conducted
according to the guidelines of the PRISMA-ScR (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
extension for Scoping Reviews) [12]. The study protocol was
preregistered with the Center for Open Science [13].

Eligibility Criteria

The combined emergence of smartphones and 4G networks
from around 2010 has played a crucia role in driving the
development and use of digital heath services [14]. This
convergence has provided individuals with convenient access
to health care services through mobile health (mHealth) apps,
remote monitoring, and telemedicine, while also enabling health
care providersto leverage rea -time health datafor personalized
and data-driven care approaches. Only origina peer-reviewed
research published in English-language journals from January
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1, 2010, to December 31, 2021, was included in this review.
The decision to concludetheliterature review on December 31,
2021, was driven by the aim to provide a comprehensive and
current overview of thefield up to our initial submission at the
beginning of 2023. We carefully evaluated the scope and depth
of available literature within this timeframe, determining that
extending the search would likely not alter our core findings.

Research papers on patients and genera practitioners or
physicians involving health technology were included. Studies
that did not specifically mention the physician-patient
relationship were excluded.

I nformation Sources

Studies for inclusion were identified through searches in the
following databases. MEDLINE/PubMed, Embase, |EEE
Xplore, and Cochrane. Since our review specifically targeted
empirical research on the physician-patient relationship, we
primarily focused on searching medical databases. However,
we aso included |EEE Xplore to ensure that we did not miss
any significant research in the fields of computer science and
electrical engineering. To ensure trustworthy findingsand direct
insights, our search prioritized original papersand solely focused
on high-quality research papers published in peer-reviewed
medical journals. Reviews, opinion pieces, and other
nonempirical textswere not included. Duplicates were removed.

Search

In collaboration with alibrarian, we devised a comprehensive
search string to explore the application of digital health
technology within the physician-patient relationship. To ensure
clarity in our scope, we used the mnemonic strategy PCC

Table 1. Searchterms.

Nassehi et d

(population, concept, and context) to determine which papers
should be included. Specifically, the population consisted of
physicians, patients, or both; the concept involved digital health
technologies used in medical care; and the context revolved
around their implementation within the physician-patient
relationship. The search string encompassed relevant terms,
such as“digital health,” “mHealth,” “eHealth,” “telemedicine,”
or “telehedth” combined with the key phrases
“physician-patient relations’ or “relational ethics” Detailed
explanations of theseterms are provided in Table 1. The search
string used was (“digital health” OR “mHealth” OR “eHealth”
OR “telemedicing” OR “telehealth”) AND (“physician-patient
relations’” OR “relational ethics’).

Our particular focus was on “relational ethics’ due to its
potential to inform a more ethica anaysis of the
physician-patient relationship, thus addressing the intricacies
and challenges unique to this context.

We searched the 4 databases applying the following limitations:
“scholarly (peer-reviewed) journals,” “ date of publication from
January 1, 2010 to December 31, 2021, and “English
language” The search resulted in the identification of 429
journal papers. Of these papers, 427 were discovered in
MEDLINE/PubMed, while 1 paper wasidentified asaduplicate
appearing in both the Cochrane and MEDLINE/PubMed
libraries. Additionally, 1 paper obtained from Embase was
identified as a scoping review and was therefore excluded from
our screening analysis. It is worth noting that no papers were
found in IEEE Xplore during our search process. In short, all
427 papers selected for screening were found in the
MEDLINE/PubMed database.

Search terms Explanation

digital health Refersto technology related to health care services and solutions
mHealth® Short for “mobile health,” involves the use of mobile devices
eHealth Refersto “electronic health,” including digital health services
telemedicine Involves remote diagnosis and treatment using technology

telehealth Broad term covering health care services through telecommunication

Physician-patient relations

relational ethics
in the doctor-patient relationship

Refers to the interactions and dynamics between doctors and patients

Refersto an ethical framework focused on understanding and navigating theintricacies of interpersonal dynamics

3mHealth: mobile health.

Selection of Sources of Evidence

The screening process was performed by 2 researchers. It
involved reviewing the abstracts initially found for inclusion,
and in cases where abstracts lacked sufficient information, the
entire research paper was examined. In instances where 2
researchers could not reach a consensus on whether to include
aresearch paper, athird researcher was consulted as an arbiter
to resolve any disagreements. This process led to the inclusion
of 73 research papers. Subsequently, all 73 included papers
underwent adetailed and thorough examination by 2 researchers.
In the event of any disagreement during this phase, a third

https://www.i-jmr.org/2024/1/e47280

researcher was consulted to ensure accuracy. Studies that did
not specifically mention the physician-patient relationship
(n=63) were excluded, resulting in 10 studiesto be reviewed.

Data Charting Process

A standardized data charting form was created for the data
extraction process, and data charting was performed by 2
reviewers.

Dataltems

Our objective was to collect a range of data items relevant to
the research. These included the year of the study, the country
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where it was conducted, the study type (qualitative or
guantitative), the theoretical or ethical framework and concepts
used, the type of technology studied, the research objectives,
and the participants involved (patients, physicians, and other

Table 2. Overview of the data from the included studies.

Nassehi et d

health care personnel [HCP]; Table 2). Additionally, we
extracted text samplesthat described theimpact of digital health
technol ogies on the physi cian-patient rel ationship. Our approach
involved presenting the main findings in a textual manner.

Authors Year  Journa Country Study type  Typeof technology Aims Participants
Audrain-Ponte- 2018  Health Services Canada Quantitative Onlineheathcom- Examine how online health com-  Patients
viaand Men- Management Re- munity munities impact the physician-pa-
vielle [15] search tient relationship
Balatoetal [16] 2013  British Journal of Italy Quantitative Mobilephonemes- Evaluate the use of telemedicine  Patients and
Dermatology sages inimproving treatment adherence, physicians
patient outcomes, and the physi-
cian-patient relationship
Griinloh et a 2018  Journal of Medical Sweden Qualitative  Web-based patient Investigate how physiciansview  Physicians
[17] Internet Research portal the idea of patient participation
Gyérffy et a 2020 PLOSONE Hun- Qualitative  Socia media Explore physicians' knowledge Physicians
[18] gary and attitudes toward digital health
technologies and the transforma-
tion of the doctor-patient relation-
ship
Jiang [19] 2019 HealthCommunica- China  Quantitative Digital messaging Examine how the quality of face- Patients
tion to-face communication with
providersis associated with their
subsequent internet usefor patient-
provider communication
Kludacz- 2021 PLOSONE Poland Qualitative  Teleconsultation  Study patients satisfaction with  Patients and
Alessandri et al (phone) teleconsultation in primary care  physicians
[20] and theimpact of teleconsultations
on GP?-patient communication
Macdonaldetal 2018  Journal of Medical Canada Qualitative  Digital messaging  Examine HCP'< perspectives on P_atimts, physi-
(21 Internet Research and EHR® how eHealth affectstheir relation-  €ians, and other
ships with patients, aswell asits HCPs
ethical ramifications
Tasneem et a 2019 AmericanJournal of United Qualitative  Videoconsultation Investigatethe need for web-based Patientsand
[22] Hospiceand Pallia-  States videoconferences for oncology physicians
tive Medicine patients
Townsendetal 2015 Journal of Medical Canada Qualitative  Health-related Focus on patients' and HCP'suse  Patients, physi-
[23] Internet Research websites of health-related internet informa-  cians, and other
tion and how it influencesthepas  HCPs
tient-HCP relationship
Yan et a [24] 2020 International Jour- China  Qudlitative  Digital messaging Understand theunderlyingreasons Patients and
nal of Environmen- for poor doctor-patient relation-  physicians
tal Research and ships
Public Health

8GP: general practitioner.
PEHR: electronic health record.
°HCP: health care personnel.

Synthesis of Results

To synthesize the results, wefirst created a summary based on
the extracted data items to capture the key findings and
statements from the included research papers concerning the
physician-patient relationship. Thissummary wasthen compared
with each research paper in its entirety to ensure accuracy.

Next, we conducted a narrative synthesis of the findings from
the included studies, incorporating both the extracted text

https://www.i-jmr.org/2024/1/e47280

samplesand the summaries of the papers. Thisapproach allowed
us to provide a comprehensive overview of the results from
both quantitative and qualitative studies, enabling a
comprehensive summary of the physician-patient relationship
in the context of digital health technologies (Table 3). In
addition, we assessed whether the papers applied any ethical
frameworks or simple concepts and analyzed how their use
contributed to the research (Table 4).

Interact JMed Res 2024 | vol. 13| e47280 | p.146
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Nassehi et al

Table 3. Summary of evidence.

Authors Summary: What does the paper state about the physician-patient relationship?

Audrain-Ponteviaand  «
Menvielle [15]

Baato et al [16] .
Griinloh et a [17] .
Gyorffy et al [18] .
Jiang [19] .

Kludacz-Alessandri et «
al [20]

Macdonald et al [21] .

The paper discusses theimpact of online health communities on the patient-physician rel ationship. The authors explore
how online health communities, which provide users with computer-mediated social support and empowerment, impact
this relationship.

The authors acknowledge that, traditionally, doctors were the main source of medical information and therefore bene-
fited from authority and power over their patients. However, with the advent of online health communities, patients
now have access to social support, resources, and aid, which can make them feel more empowered and influence their
relationships with their physicians.

The authors propose that online health communities offer patients the opportunity to gain the power to handle their
illnesses and their health, presumably leading to increased participation during the consultation and improving their
commitment to their relationship with their physician.

The study found that patient-physician communication improved in agroup receiving SM S text message interventions,
whereas it remained unchanged in the control group. This suggests that the use of digital interventions, such as SMS
text messages, could potentially enhance the patient-physician relationship.

The models of the doctor-patient relationship presented in the paper describe patients as being static and unchanged,
but the authors note that patients with chronic conditions often encounter new situations and need to engagein a
sensemaking and learning process.

The paper suggests that the use of patient-accessible EHRs? can contribute to the devel opment of the doctor-patient
relationship by allowing patientsto play an active role. Thisincreased patient participation makes it more difficult for
physicians to maintain a strategy that potentially excludes patients.

The authors state that eHealth does not have to be a“power struggle” in the doctor-patient relationship but can poten-
tially help both partners improve their relationship collectively and grow individually.

The authors mention the importance of patient participation for patient safety.

Theroleof thedoctor isin transition, with doctors expected to perform more complex tasksincluding health information
technology and aiding in the digital orientation of patients. They see themselves transforming into mediators based on
efficient communication with their patients.

Digitally engaged physicians consider themselves guides, undertaking a guardian and information managing function
in the description, collection, and sharing of credible content in the online space.

For a successful leap from hierarchical patterns to the 21st-century doctor-patient relationship, the future generation
of physicians should be trained differently and prepared for al the above-described changes.

Medical school curricula should emphasize health and prevention rather than only diseases and pathology viathe
newest digital technological solutions.

Medical students need to prepare for predictive and proactive working environments, including their new role as a
guide or mediator for digitally empowered patients, in contrast with the paternalistic physicians of previous generations.

The results of the study emphasize the important roles of patient-centered communication and the physician-patient

relationship in the eHealth and mHealth? movement, particularly in the Chinese health care system.

The interplay of physician-patient communication in face-to-face environments and relationship factors (eg, patient
trust and patient satisfaction) could exert significant effectsin promoting eHealth adoption.

To encourage patients to adopt eHealth technol ogies, health care providers should first build a patient-centered envi-
ronment (eg, responding to patients’ informational and emotional needs and engaging patients in medical decision-
making).

The study concerns patients’ satisfaction with teleconsultation in primary care and the impact of tel econsultations on

GP®-patient communication during the COVID-19 pandemic in Poland. The paper suggeststhat the quality of GP-patient
communication isan essential factor that canimprove the results of treatment and patient satisfaction. Only 55% (n=99)
of the patients found tel econsultation to be as good as in-person visits with their physician.

The study discusses the concept of a“two-way conversation” that isevolving in the health care provider-patient dynamic.
Thisshift toward more collaborativeinteractionswith patientsis, in part, facilitated by eHealth technologies. The authors
examine the impact of eHealth on the current state of collaborative consultation, highlighting how it aidsin having,
using, and supporting conversations with patients.

Some health care professional sin the study embraced theideaof patientsas* partners,” asthey seeapartner assomeone
who helpsin improving an outcome by educating themselves and conscientiously monitoring their condition and be-
havior.

One of the health care professionals stated that patients who are engaged through eHealth and informed about their
condition are more useful clinically.

The paper also mentions a pedagogical approach to interacting with the eHealth users among patients.
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Authors Summary: What does the paper state about the physician-patient relationship?

Tasneem et a [22] .

Townsend et a [23] .

Yan et al [24] .

The study assessed the needs of patients receiving palliative care and their perception of how telemedicine video visits
might influence their care. Despite concerns about truncated physical examinations and prescription limits, the major-
ity of patientsfavored having the opportunity for telemedicinevideo visits. They felt that the physician-patient relation-
ship would not diminish and had few cost concerns. They believed that a video alternative to an in-person visit might
increase access, save time, and increase comfort and safety by avoiding atrip to the hospital.

In this study, patients reported using personal websites, blogs, chat rooms, and online links to medical test results as
part of their eHealth resources. This suggests that patients are actively engaging with digital resources in managing
their health, which can have implications for the physician-patient relationship. The paper discusses how the rapid ex-
plosion in online digital health resources is seen as transformational, accelerating the shift from traditionally passive
patients to patients as partners. Thisis atering the current patient-health care professional relationship.

The proliferation of eHealth strategiesis accelerating a shift in health care from atraditional and paternalistic delivery
model to a more mutual patient-health care professional relationship in which informed patients are actively involved
in their care and treatment decisions.

The authors mention that eHealth resources provide patients with extensive and up-to-date information, access to
medical research, connections to people with similar conditions, immediacy, and convenience in patient-health care
professional communications. These factors can significantly impact the physician-patient relationship.

The paper investigates the underlying reasons for poor doctor-patient relationships in mobile consultation from the
perspective of computer-mediated communi cation. Thissuggeststhat the physician-patient rel ationship may beinfluenced
by the mode of communication, particularly in adigital context.

The paper emphasi zes the emerging use of mobile medical consultation in China, which has propelled the establishment
of doctor-patient relationshipsin the mobile context. This again underscores the impact of digital technologies on the
physician-patient relationship.

The authors also mention different models or concepts used to assess the doctor-patient relationship, suggesting that
the nature of this relationship can be complex and multifaceted.

3EHR: electronic health record.

PmHealth: mobile health.
CGP: general practitioner.

Table 4. Theoretical frameworks and concepts used in the studies.

Authors Framework or concepts Relevance of using specific theoretical frameworks and concepts

Audrain-Ponteviaand  Patient empowerment Evaluates the impact of online health communities on the physician-patient relationship.

Menvielle [15]

Balato et al [16] None mentioned N/AZ

Griinloh et a [17] Shared decision-making, patient-  Assesses the impact of aweb-based patient portal on patient participation.
centered care, and paternalism

Gyorffy et al [18] Petient empowerment and shared  Studies the attitudes of digitally engaged physicians toward transforming the physician-
decision-making patient relationship.

Jiang [19] Patient-centered care, mutual Examines the rel ationship between face-to-face and online patient-provider communica-
trust, and patient satisfaction tion.

Kludacz-Alessandri et Mutual trust Investigates the satisfaction of patients with teleconsultations.

al [20]

Macdonald et al [21] Relational ethics Relational ethics addresses the ethical content and decisionsimplicit in everyday relation-

ships and conversations.
Tasneem et a [22] None mentioned N/A
Townsend et a [23] Relational ethics Core elements of relational ethics are applicable to everyday experiences, practice, and

interactions. Applying relational ethics helps with focusing on what is valued in interac-
tions and relationships and what is at risk rather than specific aspects of eHealth such as
the nature of self-monitoring devices.

Yan et a [24] None mentioned N/A

3N/A: not applicable.
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Results

Selection of Sources of Evidence

Nassehi et d

Out of the 427 studies screened, 73 studies were sought out for
retrieval, and after excluding 63 studies that did not focus on
the physician-patient relationship, 10 studies were included in
thisreview. Figure 1 illustrates the search process.

Figurel. PRISMA (Preferred Reporting Itemsfor Systematic Reviews and Meta-Analysis) diagram: papers included in the review.
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Characteristics of Sources of Evidence

The research papers included in this study [15-24] were
conducted in various countries, with 3 in Canada, 2 in China,
linltaly, 1in Sweden, 1in Hungary, 1 in Poland, and 1 in the
United States. These papers were published between 2013 and
2021, with half of them published in 2019 or more recently.
The magjority of the papers (n=7) were qualitative studies, with
the remaining (n=3) papers being quantitative studies. Only 2
research papers, authored by Macdonald et a [21] and
Townsend et a [23], referred to a specific ethical framework.
Both used relational ethics. A total of 6 other papers adopted
different theoretical frameworks and concepts, while the
remaining 2 did not use any theoretical frameworks at all.

Regarding the technologies investigated, 3 papers focused on
online communities, 3 papers focused on messaging, 2 papers
focused on tel ephone or video consultation, and 2 papersfocused
on patient portals or EHR. The majority of the papers (n=6)
included a mix of patients and physicians or other health care
professional s, while 2 papers focused solely on patients and 2
others exclusively on physicians.

For further details about the characteristics of the included
research papers, please refer to Table 2.
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The Impact of Digital Health Technologies on the
Physician-Patient Relationship

Kludacz-Alessandri et a [20] noted that, while teleconsultations
offer convenience and safety, especially in situations like the
COVID-19 pandemic, they may not always provide the same
level of patient satisfaction asin-person visits. According to the
authors, this could be dueto several reasons such astheinability
to read nonverbal cues, technical difficulties, or the impersonal
nature of digital communication. The authors suggested that,
whiledigital technologies offer new avenuesfor communication,
they may not fully mirror the richness and depth of face-to-face
interactions.

Yan et al [24] discussed the use of mobile medical consultation
in China and noted the potential challenges in establishing
effective physician-patient relationships in a digital context.
According to the authors, 1 key challenge could be the varying
degrees of technology literacy among patients. Not all patients
may be comfortable using digital platformsfor health care, and
some may lack access to the necessary technology. This study
indicates that this could lead to inequities in access to health
care services and affect the quality of the physician-patient
relationship.

When patients become more empowered through access to
digital health resources and online communities, changes could
occur in the power dynamics of the physician-patient
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relationship. Some physicians may struggle to adapt to these
changes, particularly if they are trained in a more traditional,
paternalistic model of health care. This was suggested in the
study by Audrain-Ponteviaand Menvielle[15].

The advent of online health communitiesand accessto awealth
of health-related information on the internet has empowered
patients to take an active role in managing their health. As
discussed by Audrain-Pontevia and Menvielle [15], this
empowerment can lead to increased participation during
consultations and improve commitment to the relationship with
the physician.

Digital technologies, such as SMS text messaging,
teleconsultations, and mHealth apps, can enhance
communication between patients and physicians, making it
more frequent, timely, and convenient. As pointed out by Balato
et al [16], such digital interventions can potentially enhancethe
patient-physician relationship.

The use of eHealth and mHealth technol ogiesfacilitatesamore
patient-centered approach to care. As Jiang [19] noted, health

care  providers who build a  patient-centered
environment—responding to patients informational and
emotional needs and engaging them in medical

decision-making—can promote eHealth adoption and improve
health care outcomes.

Digital health technol ogies can improvethe efficiency of health
care delivery and make health services more accessible. For
example, Tasneem et al [22] found that patients receiving
palliative care favored the opportunity for video consultations,
as they could save time while increasing access, comfort, and
safety by avoiding atrip to the hospital.

eHealth resources provide patients with extensive and up-to-date
information, access to medical research, and connections to
people with similar conditions. Townsend et a [23] mentioned
that these factors can significantly impact the physi cian-patient
relationship, transforming patients from passive recipients of
careinto active partnersin their health care journey.

Theavailahility of health information online and through digital
technologies enables patients to be more informed about their
health conditions and treatment options. This can lead to
better-shared decision-making between patients and physicians
[17,18,21].

The Application of Theoretical Frameworksand
Concepts

In the study by Grinloh et a [17], the use of 2 theoretical
frameworks (shared decision-making and patient-centered care)
and 1 concept of the physician-patient rel ationship (paternalism)
helped highlight the roles of the medical professional and the
patient, as well as the ways in which patients can contribute to
the relationship.

The concept of patient empowerment (used in the study by
Audrain-Pontevia and Menvielle [15]) helped with
understanding how online health communities influence the
patient-physician relationship, but it did not capture the
complexities of the power dynamics and relational aspects
inherent in these interactions.

https://www.i-jmr.org/2024/1/e47280
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Gyérffy et al [18] focused on the attitudes of digitally engaged
physicians toward transforming the physician-patient
relationship. The researchers used the theoretical frameworks
of patient empowerment and physician-patient collaboration to
assess current and ideal physician-patient relationships. Through
this, they recognized that the digital age requires physicians to
transition from arole of authority to one of guidance.

Jiang [19] examined the relationship between face-to-face and
online patient-provider communication through the concepts
of patient-centered care, trust, and satisfaction.

Kludacz-Alessandri et al [20] investigated patients’ satisfaction
with teleconsultations by considering the concepts of respect
and dialogue. These concepts are indeed valuable in
understanding the impacts of teleconsultations on the
physician-patient relationship.

The 3 studiesthat did not apply any theoretical frameworks had
either superficial findings regarding the physician-patient
relationship or it was not clear how they reached their
conclusions. For example, Balato et al [16] simply quantified
the physician-patient relationship through a 10-point scale
guestionnaire. Tasneem et a [22] asked patients only about how
the technology would affect their relationship with their
physicianin 2 out of 15 questions. Finally, Yan et a [24] seemed
to apply the concepts of mutual respect and patient satisfaction
in adeep and meaningful way, but we have no way of knowing
since they do not specifically state what concepts they used.

The Application of Relational Ethics

In contrast with the above-applied frameworks, the use of a
relational ethics framework can help reveal the subtle and
complex impacts of digital heath technologies on the
physician-patient relationship. For example, in the study by
Macdonald et a [21], a relationa ethics lens was used to
examine how eHealth technology contributes to changes in
relations between HCPs and patients, evolving toward more
collaborative care. By focusing on every day relationships and
conversations, the study was able to understand how these
technologies incorporated the relational ethics of
patient-centered care into practice.

Relational ethics can help address the power dynamics and
vulnerabilities that come into play in the physician-patient
relationship, especially with the use of digital technologies. In
the study by Townsend et a [23], relational ethics was used to
understand how technology impacts relational shiftsin ethical
patient-HCP rel ationships. They found that technol ogy use could
lead to atransition from atraditional hierarchical relationship
to a more reciprocal relationship, which could reveal mutual
vulnerabilities.

Discussion

Principal Results

The studiesincluded in this review were diverse, with research
conducted across various countries and contexts and exploring
arange of technologies, such as online communities, messaging,
teleconsultations, and patient portals or EHRS. In terms of user
groups, they examined the experiences of patients, physicians,
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and other HCPs, offering a comprehensive view of the
phenomenon from different user perspectives.

Through the review, weidentified several consequences of using
digital health technologiesin health care. The convenience and
accessibility offered by these technologies have the potential
to transform the hedth care landscape by enhancing
communication, improving efficiency, and empowering patients.
However, they aso provide challenges and complexities such
asincreasing inequitiesin access to health care services dueto
variations in technology literacy among patients and decreases
in patient satisfaction due to limitations in nonverbal
communication and theimpersonal nature of digital interactions.

The review further highlighted the shift in power dynamicsin
the physician-patient relationship from atraditional hierarchical
model toward a more reciprocal and collaborative model. This
shift isfacilitated by the empowering potential of digital health
technol ogies and online health communities but may also present
challengesfor physicianstrained in a more paternalistic model
of approach to medicine.

In addition to mapping key findings, we analyzed the theoretical
frameworks used in the studies to contrast the use of relational
ethics with the application of other theoretical frameworks. Of
the 10 studies in this review, 2 did not apply any theoretical
frameworks to their research. Others used frameworks or
concepts such as patient-centered care, patient empowerment,
or shared decision-making. Only 2 studies used relational ethics
as their framework.

Relationa ethics, by its very nature, emphasizes the value of
intersubjective qualities such as empathy, trust, respect, and
mutual responsibility. These qualitiesare critical to the practice
of effective and compassionate health care, and their importance
is highlighted in the context of digital health technologies
interjected between the physician and the patient. While
theoretical frameworks and concepts, such as patient-centered
care and patient empowerment, provided valuable insightsinto
the impacts of digital health technologies, a relational ethics
perspective could provide amore comprehensive understanding.
For instance, it could explore how trust is built and maintained
in online versus face-to-face interactions, how the power
dynamics between physicians and patients might shift in an
online context, and how empathy and understanding are
conveyed through digital mediums. A relational ethics
framework could further enrich thisunderstanding by examining
how respect and dial ogue contribute to a sense of mutual trust
and understanding, how they shape the power dynamics in a
teleconsultation, and how they can foster a sense of connection
and empathy in adigital environment.

Comparison to Prior Work

Thisreview underscoresthe potential value of using arelational
ethics framework in research on the physician-patient

Nassehi et d

relationship in the complex real-life context of digital health
technologies. While previous works have acknowledged the
importance of relational aspects in health care delivery [3,5],
few have explicitly used relational ethics as a framework to
examine the nuanced ethical implications of digital health
technologies on the physician-patient relationship.

Limitations and Strengths of This Study

Becausethisreview amassed studies from avariety of countries,
we acknowledge that the specific cultural, societal, and health
care contexts of these regions can have a significant effect on
the physician-patient relationship and the use and adoption of
digital health technologies. As such, our findings might not be
applicable everywhere.

The review only included studies published in English, which
could introduce language bias. If there were relevant studies
published in other languages, they would have been left out,
potentially narrowing the range of perspectives and findings
we were able to consider.

While our review touched on a selection of digital health
technologies—including online communities, messaging
services, teleconsultations, and patient portals or EHRs—many
more kinds of technology are being used in health care. Assuch,
our findingsarelimited to the specific digital health technologies
covered in thisreview.

Scoping reviews, likethisone, are primarily intended to provide
abroad overview of the existing literature rather than evaluate
the strength of evidence or perform ameta-analysis. Thismeans
that it isdifficult to draw definitive conclusions or provide firm
recommendations based on our findings.

While our review encapsulates literature up to the end of 2021,
reflecting the state of research at the time of our initial
submission, it may not include the latest developments or studies
published post-2021.

The quality of the studiesincluded in areview can have alarge
effect on its findings. Since we did not conduct a critical
appraisal of the quality of the studies we included, this could
be seen as alimitation.

Conclusions

Overdll, this review offers a comprehensive overview of the
current state of evidence regarding the impacts of digital health
technol ogies on the physician-patient rel ationship. It underscores
the potential of these technologies to transform health care
delivery, whilea so highlighting the challenges and compl exities
they introduce. The review emphasizes the need for further
research using arelevant ethics framework to provide a deeper
understanding of the impact of digital health technologies on
the physician-patient relationship. This will be particularly
crucial asdigital health technol ogies continue to expand, evolve,
and become more integrated into health care delivery.
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Abstract

Background: Digital health literacy has emerged as a critical skill set to navigate the digital age.

Objective: This review sought to broadly summarize the literature on associations between digital health literacy and (1)
sociodemographic characteristics, (2) health resource use, and (3) health outcomes in the general population, patient groups, or
parent or caregiver groups.

Methods: A rapid review of literature published between January 2016 and May 2022 was conducted through a search of 4
web-based databases. Articles were included on the basis of the following keywords: “measured digital health literacy,” “digital
literacy,” “ehealth literacy,” “e-health literacy,” “electronic health literacy,” or “internet health literacy” in adult populations;
participants were from countries where English was the primary language; studies had to be cross-sectional, longitudinal,
prospective, or retrospective, and published in English.

Results: Thirty-six articles met the inclusion criteria. Evidence on the associations between digital health literacy and
sociodemographic characteristics varied (27/36, 75% included studies), with higher education (16/21, 76.2% studiesthat examined
the association) and younger age (12/21, 57.1% studies) tending to predict higher digital health literacy; however, other studies
found no associations. No differences between genders were found across the majority of studies. Evidence across ethnic groups
was too limited to draw conclusions; some studies showed that those from racial and ethnic minority groups had higher digital
health literacy than White individuals, while other studies showed no associations. Higher digital health literacy was associated
with digital health resource use in the majority of studies (20/36, 55.6%) that examined this relationship. In addition, higher
digital health literacy was al so associated with health outcomes across 3 areas (psychosocia outcomes; chronic disease and health
management behaviors; and physical outcomes) across 17 included studies (17/36, 47.2%) that explored these relationships.
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However, not all studies on the relationship among digital health literacy and health resource use and health outcomes were in
the expected direction.

Conclusions: Thereview presents mixed results regarding the relationship between digital health literacy and sociodemographic
characteristics, although studies broadly found that increased digital health literacy was positively associated with improved
health outcomes and behaviors. Further investigations of digital health literacy on chronic disease outcomes are needed, particularly
across diverse groups. Empowering individuals with the skills to critically access and appraise reliable health information on
digital platforms and devices is critical, given emerging evidence that suggests that those with low digital health literacy seek
health information from unreliable sources. Identifying cost-effective strategies to rapidly assess and enhance digital health

literacy capacities across community settings thus warrants continued investigation.

(Interact J Med Res 2024;13:e46888) doi:10.2196/46888

KEYWORDS

digital health literacy; eHealth literacy; health literacy; digital health; web-based database; health information

Introduction

As hedlth technologies evolve, digital devices, heath-related
apps, and web-based portals are increasingly used to deliver
and access medical information and health care services [1].
While such technologies can be agateway to health information
and support [2], research also predictsa“digital divide” inwhich
an individual’s sociodemographic characteristics (eg, age,
education, and income) influence their effective engagement
with digital health information [3]. Digital health literacy has
emerged as avital skill set to navigate health care in the digital
age [4]. Digita hedalth literacy has been described as an
extension of eHealth literacy, which capturesthe skillsto seek,
find, understand, and critically appraise health information from
electronic sources to manage one's own health [5,6]. Digital
health literacy has been posited to expand on the definition by
emphasizing the individual as both an active participant and a
distributer of digital health information, not just a passive
receiver [6]. Digital hedlth literacy has skills unique to health
literacy, including computer literacy, medialiteracy, and critical
appraisal skillstoidentify and evaluate reliable information and
resources [1]. The importance of digital health literacy is
increasingly recognized for its role in optima individual and
population health [4] and critical to limiting health inequalities
[7].

Reviews have reported associations between digital health
literacy and health outcomes across specific populations. Among
people with long-term conditions, higher digital health literacy
was predominantly associated with greater health-promoting
behaviors [8]. A recent review identified that both older adults
with cancer and their carers reported low digital health literacy
and decreased confidence in appraising digital health
information, with barriers identified including low
socioeconomic status, poor digital access, and lack of familiarity
and use[9]. Severa reviews have examined theimpact of digital
health literacy on health outcomes in specific populations of
interest (eg, older adults [9], those with long-term conditions
[8], college students [10], and underserved [11] or vulnerable
populations [12]). However, existing evidence on the
relationships between digital health literacy, health outcomes,
and sociodemographic characteristics across broad population
groups has not been synthesized to date. Current literature on
digital health literacy has focused on definitions and scales; its

https://www.i-jmr.org/2024/1/e46888

associations with health outcomes; the digital divide; and
influencing factors of health literacy [13]. A review of
associations between (1) sociodemographic characteristics, (2)
health resource use, and (3) health outcomes in the general
population, patient groups, or parent or caregiver groups is
currently lacking. This information is critical to inform the
development and implementation of digital health strategiesto
improve digital health literacy in communities with the highest
need. This review sought to broadly summarize the literature
on associations between digita health literacy and (1)
sociodemographic characteristics, (2) health resource use, and
(3) health outcomes.

Methods

A rapid review was undertaken following the principles of a
systematic review [14]; however, with some simplification of
steps to ensure a timely and accurate synthesis of evidence to
inform the development of a digita health strategy for
implementation across community settings. Given the rapid
nature of the review, the review and protocol were not registered
with an international register.

A search for peer-reviewed publications was undertaken within
the CINAHL, PsycINFO, MEDLINE, and Embase databases
in May 2022. English language articles published between
January 2016 and May 2022 were included. Given then rapid
changes in technology and digital engagement observed in the
health field, we sought to comprehensively review contemporary
evidence from the preceding 5 years only. Additional searches
were conducted in June 2022 using Google Scholar and by
handsearching the reference lists of included papers to ensure
that all relevant literature were captured in the review. Search
terms synonyms were “digital hedth literacy,” “e-hedth
literacy,” “electronic health literacy,” “internet literacy,”
“internet health literacy,” and “digital literacy.” Key search
terms are detailed in Multimedia Appendix 1. For the purposes
of the review, studies that examined electronic health literacy
or eHedlth literacy wereincluded given similaritiesin definitions
of these concepts [13]. Theinclusion and exclusion criteriaare
summarized in Table 1. In brief, studies that examined digital
hedlth literacy using avalidated measure of digital hedlth literacy
inthe genera population, patient groups, or parent or caregiver
groups were dligible for inclusion. Articles were excluded if
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they focused exclusively on college students, since areview of

Table 1. Inclusion and exclusion criteria.

Yuenetd

this group has aready been conducted [10].

Inclusion

Exclusion

Assesses digital health literacy in the general population, patients,
parents, or caregivers

Sampleincluded individualsfrom Australia, New Zedland, the United
States, Canada, the United Kingdom, or Ireland

Quantitative study

Study population younger than 18 years

Primary language of country is not English

Qudlitative study, literature or systematic review, commentary, conference

abstract, opinion piece, protocol, or thesis

Published in 2016 onwards

Non-health care—related (eg, high school education)
a Not focused on patients or general population (eg, digital health literacy of

health providers)

— Focusses on digital health literacy of interventions, programs, etc

— Assesses psychometric properties of adigital health literacy measure

— Measures digital health literacy using a single item or proxy measure

3Not applicable.

The search results were imported into a review management
dashboard, Covidence, to allow for simultaneous screening
between reviewers. Four reviewers (EY, NW, FS, and FT)
independently screened titles and abstracts, and the full texts
were screened by 5 reviewers (EY, NW, FS, FT, and SR). At
both screening stages, each paper was assessed by 2 reviewers,
with discrepancies resolved through discussion. The screening
process was reported following the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines [15].

For studies included in the review, data were extracted on (1)
study characteristics (eg, author, publication year, country, study
design, sample size, participant characteristics, measures used
to assess digital health literacy, and health literacy scores); (2)
health outcomes associated with digital health literacy; and (3)
sociodemographic characteristics associated with digital health
literacy. Given therapid nature of the review to inform strategy,
data extraction for each article was conducted by 1 author only
(EY, NW, or FS), with data extracted presented to the research

https://www.i-jmr.org/2024/1/e46888

RenderX

team for review. Resultswere narratively synthesized to address
the 3 aims and to group findingsinto identified themes.

Results

Description of Included Studies

Of the 1473 articles, 36 met the inclusion criteria (Figure 1).
Studiesare summarized in Multimedia Appendix 2. Twenty-five
studies were from the United States, 4 studies from Australia
[16-19], 4 from Canada [20-23], 1 from the United Kingdom
[24], and 1 cross-cultural study that included people from
Australia and India [25]. Studies included 34 cross-sectional
survey designs, 1 mixed methods study [26], and 1 randomized
controlled trial [27]. Sample sizesranged from 22 [28] to 3258
[29] participants. The majority of studies (32/36, 88.9%)
assessed digital health literacy using the eHealth Literacy Scale
[30]. Across studies, variations on how digital health literacy
scores were reported; some used a mean score (with higher
scoresindicating higher digital health literacy) and other studies
used cutoff scores to determine those in high compared with
low digital health literacy categories.
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Figurel. PRISMA Flowchart.
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Additional studies/reports (n=2)

g Studies from databases (n=34)

Five distinct population groups were identified across the heath care needs, men with prostate cancer, and pediatric
studies. Theseincluded the general population, including older  inpatients with subacute health conditions.

adults, patient groups, minority populations, and caregivers. _ - .
Patient groups included people with HIV, cancer, chronic ASS_OCIatlonS Betv_veen Digital Hgalth Literacy and
Sociodemographic Characteristics

obstructive pulmonary disease (COPD), spinal injury, kidney
disease, bipolar disorder, otolaryngological disease, orthopedic  Twenty-seven (75%) studies were identified as examining
trauma, cardiovascular risk, diabetes, and transplant recipients.  associations  between  digital  hedlth  literacy and
Minority groupsincluded African Americans, Southeast Asians,  sociodemographic characteristics, with varied findings. These
adults in rurad or remote regions, low-income groups, areshowninTable2and Figure?2 and discussedinthefollowing
transgender and gender diverse, and young men who have sex ~ sections.

with men. Caregivers included those of children with specia
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Table 2. Digital health literacy and associations with sociodemographic characteristics (N=27).

Yuenetd

Sociodemographic characteristicsand asso-  Articles in which the finding occurred, n
ciation with digital health literacy

Patient group  Genera population Minority group

Older adults Caregivers  Tota

Age (years)

Negative 5 3 1 1 2 12

Positive 1 _a — — — 1

None 5 — 1 2 — 8
Gender®

Significant 1 1 1 — — 3

None 7 3 — 3 — 13
Education

Positive 7 3 1 3 2 16

None 3 1 — 1 — 5
Income

Positive 1 1 — — 1 3

None 2 — — 1 — 3
Race/ethnicity

Positive — 2 — — — 2

None 3 — — — 1 4
Employment

Positive 1 1 — — — 2

None — — — 1 — 1
No chronic disease

Positive — — 1 — — 1
General health literacy

None — — — 1 — 1
Marital status

None 3 1 — 2 — 6
L anguages spoken

None 1 1 — — — 2
Socioeconomic status

None 1 — — 1 — 2
Rural/urban

None 1 — — — — 1

ot applicable.

B\Women had higher digital health literacy.
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Yuenetd

Figure 2. Digital health literacy and associations with sociodemographic characteristics. Positive association: higher digital health literacy associated
with higher outcome of characteristics (eg, higher digital health literacy associated with higher income); negative association: higher digital health
literacy associated with lower characteristics (eg, higher digital health literacy associated with younger age).
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Age

Twenty-one studies (21/36, 58.3%) explored associations
between age and levels of digital health literacy with mixed
results. Twelve studies (12/21, 57.1%) reported a negative
association between age and digital health literacy, with older
people more likely to have lower digital health literacy than
their younger counterparts [16,19-21,24-26,31-35]. Negative
associations between age and digital health literacy werefound
in the general population (3/21, 14.3%) [16,25,32], as well as
thefollowing specific popul ation studies: Southeast Asian adults
in Canada[21]; older adults[19,20]; people with chronic kidney
disease[26], breast cancer [24], or cardiovascular risk [19]; and
caregivers [34,35]. One study that used the eHealth Literacy
Questionnaire [16] found that age was negatively associated
with 4 of 7 digital health literacy subscales (ability to engage
with digital services, using technology to process health
information; motivated to engage with digital health services,
and digital servicesthat suit individual needs).

In contrast, studies (1/21, 4.8%) found a positive significant
association between age and digital health literacy in people
with bipolar disorder, where older age significantly predicted
higher digital health literacy scores[36]. Notably, the mean age
in this samplewas|essthan that in other studies, and more than
three-quarters had completed some form of higher education.
Furthermore, studies (8/21, 38.1%) reported no associations
between age and digital health literacy across patient
[17,23,37-39], rural [22], and older [40,41] populations.

Gender

Digital health literacy and gender were reported in studies
(16/36, 44.4%), with most (13/16, 81.3%) finding no gender
differences[16,19,20,23,26,31-33,36,39-42]. The 3 studiesthat

https://www.i-jmr.org/2024/1/e46888
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found that women were more likely to perceive themselves as
having higher digital health literacy than men were from the
general population in the United States [43], adults from rural
communities in British Columbia with a population of 12,000
[22], and among otolaryngology patients [37].

Education

Twenty-one (21/36, 58.3%) studies examined associations
between digital health literacy and education levels, with
two-thirds (16/21, 76.2%) finding higher digital health literacy
positively associated with higher education levels
[16,18-21,24,31-36,39,41,44,45]. Five studies (5/16, 31.3%)
reported no associations between digital health literacy and
education, including 4 studies of patient groups [21,28,29], 1
general population study [25], and 1 study of older adults[32].
Across these studies, large proportions of participants had
greater than high school education levels (35%-84.8%).

Income

Six studies (6/36, 28.6%) examined associations between digital
health literacy and income, with half reporting no associations
in peopleliving with chronicillness[19,23] or thosein ageneral
population [41]. By contrast, the 3 studies that found significant
positive associations between higher digital health literacy and
income reported these findings in people with chronic illness
[26], among caregivers[35], and in minority populations [32].

Ethnicity

Six studies (6/36, 16.7%) examined associations between digital
health literacy and ethnicity, with 2 reporting differences
between ethnicity groups [25,32]. Black or African Americans
had higher digital health literacy than their Caucasian
counterparts in a stratified US sample [32]. Australians had
higher digital health literacy than Indians in a cross-cultural
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study [25]. Conversely, 4 studies found no differencesin digital
health literacy levels across ethnicity groups among those with
chronic illness [26], spinal cord injury [38], cancer survivors
[24], or caregivers of people with prostate cancer [35].

Employment

Of the 3 studies (3/36, 8.3%) that examined associations between
digital health literacy and employment, 1 patient group study
(spinal cord injury [23]) and 1 general population study [43]
found higher digital health literacy among those who were
employed versus those who were unemployed. By contrast,
another study found no differences in employment groups and
digital health literacy in an older US sample [40].

Chronic Disease or Comorbidities

One study (1/36, 2.7%) reported small but significant findings
for higher digital health literacy in people with no chronic
conditions, compared with those with a chronic condition, in a
sample of South Asiansin Canada[21].

Yuenetd

General Health Literacy

Only 1 study (1/36, 2.7%) examined associations between digital
health literacy and general health literacy, finding no
associations in an older adult sample [40].

Marital Status, Language Spoken, Socioeconomic Status,
Household Size, Rural or Urban Location, or Country
of Birth

No associations between digital health literacy and thefollowing
sociodemographic characteristics were found: marital status
[17,25,38,41,46,47], language spoken [16,20], socioeconomic
status or deprivation [24,40], household size [40], or rura or
urban location [24].

Associations Between Digital Health Literacy and
Health Resource Navigation

Twenty studies (20/36, 55.6%) examined associations between
digital health literacy and health resource navigation distributed
acrossall participant categories. Categories of heath information
engagement included eHealth information seeking; eHealth
behaviors, access to and use of eresources;, use of health
information sources, and eHealth satisfaction, and are shown
in Table 3, Figure 3, and in the following sections.

Table 3. Digital health literacy and digital health resource navigation (N=17).

Health outcomes Associationwithdigi-  Articlesin which association occurred, n
tal health literacy
Patient group  Genera population Minority group Older adults Caregivers Tota

eHealth information seeking Positive 1 2 2 2 _a 7

eHealth information seeking None — — 2 — — 2

eHeath resource engagement Positive 2 1 2 1 1 7

Accessto and use of technology Positive 1 1 2 1 2 7

Use of avariety of health infor-  Positive — — 1 1 — 2

mation sources

Confidence or comfort withus-  Positive — — — 1 — 1

ing digital resources

Confidence or comfort withus-  None — 1 — — — 1

ing digital resources

eHealth satisfaction and trust Positive — 1 1 — 1 3
@Not applicable.
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Figure 3. Digital health literacy and associations with health resource navigation.
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Digital Health Information Seeking

Nine studies (9/36, 25%) examined digital health literacy and
digital health information seeking, and of these, 7 showed that
higher digital health literacy was significantly positively
associated with e-information seeking. These included studies
of general populations [47,48], middle-aged to older adults
[41,49], minority populations [18,21], and of people with HIV
[50Q]. In addition, higher digital health literacy was associated
with greater exposure to medical and health websitesin a US
general population [48] and among Southeast Asiansin Canada
[21]. Digital health literacy was also associated with eHealth
information consumerism in older adults [41].

By contrast, 2 studies (2/36, 5.6%) found no associations
between digital health literacy and eHealth information—seeking
behaviors. In a sample of older Hispanic people in the United
States, digital health literacy was not associated with use of,
nor willingness to use the internet for health information [51].
A study of transgender and gender diverse people found no
interactions between digital health literacy and web-based
health-seeking behaviors [29].

eHealth Resource Engagement

Ten studies (10/36, 27.8%) examined associations between
digital health literacy and eHealth resource engagement with 7
studies reporting positive associations [18,21,31,33,34,36,47].
Higher digital health literacy was associated with signing up
for email updates, watching health-related videos, seeking
resources from people with similar lived experience, and using
health indicator tracking in ageneral population [47] and among
caregivers[34]. Digital health literacy was al so associated with
willingnessto participatein mobile health research interventions,
wearing a smart watch or tracking device, and downloading a
health app among minority race or ethnicity groups [18,21].
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Higher digital health literacy was associated with increased
eHealth resource usein older adults[33] and peopleliving with
chronic illness[36] and greater use of patient portalsin people
with chronic disease [47], older adults [33], and transplant
recipients [31]. However, no differences were found among
varying digital headlth literacy levels and willingness to
participate in research that used web-based forums, support
groups, or counseling in an African American sample [18].

Access to and Use of Technology

Seven studies (7/36, 19.4%) examined digital health literacy
and associations with access to and use of technology with
mostly positive associations reported. Accessto theinternet for
personal use was associated with higher digital health literacy
among caregivers[35]. Greater internet use was al so associated
with higher digital health literacy in alow-income population
in the United States [52], in Southeast Asians in Canada [21],
and in caregivers of children with special needs[34]. Accessto
and use of digital devices and the internet were associated with
higher digital health literacy in an Australian population [16].
Access to any mobile device was also associated with higher
eHealth literacy among breast cancer survivors [24].
Furthermore, among older adults, those who owned 2 or more
electronic devices had higher digital health literacy than those
with 1 or no devices, although no differences in internet use
were found across digital health literacy levels [40].

Use of a Variety of Health Information Sources

Two studies (2/36, 5.6%) examined digital health literacy and
the use of avariety of health information sources. High digital
health literacy was associated with the use of more health
information sources compared with those with low digital health
literacy among older adults [40] and among Black or African
Americans [18]. Hedth information sources included the

Interact JMed Res 2024 | vol. 13 | e46888 | p.161
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH

internet, health books and magazines, TV programs, literature
in medical offices, and discussions with health care providers
[40Q]. This study also probed the relationship between digital
health literacy and the sources of information used. Peoplewith
high digital health literacy were more likely to rely on doctors
knowledge for medical decision making and drew upon more
sources of health information than those with low digital health
literacy [40]. Similarly, among Black or African Americans,
higher digital health literacy was also significantly associated
with citing the internet, nurses, books, radio, or news apps as
sources of health information [18].

Confidence or Comfort With Using Digital Resources

Two studies (2/36, 5.6%) examined confidence in using digital
resources and digital health literacy. Older adults with higher
digital health literacy were more likely to experience no stress
when using a computer than those with lower digital health
literacy [40]. By contrast, among population groups digital
health literacy was not associated with comfort in using the
internet [25].

eHealth Satisfaction and Trust

Three studies (3/36, 8.3%) examined digital health literacy and
associations with eHealth satisfaction and trust with positive
outcomesreported. Higher digital health literacy was associated
with greater telemedicine satisfaction among rural and remote
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communities [22]. Increased digital health literacy was aso
associated with greater positive perceptions of eHealth in
caregivers|[34].

In addition, higher digital health literacy was associated with
greater perceived trust in eHealth information in a sample of
Black or African Americans and Caucasians after controlling
for socioeconomic status and social media use [32]. Notably,
among individuals with low digital health literacy, older adults
had higher perceived trust in Facebook and lesstrust in support
groups than their younger counterparts [32]. Furthermore, in
those with low digital health literacy, Black or African
Americans were more likely to report greater perceived trust in
web-based blogs or diaries and twitter than their younger or
Caucasian counterparts; by contrast, for those with high digital
health literacy, Black or African Americans were more likely
than Caucasiansto trust support groups [32].

Associations Between Digital Health Literacy and
Health Outcomes

Seventeen studies (17/36, 47.2%) examined associations
between digital health literacy and health outcomes. The
outcomes are grouped into 3 main categories. psychosocial
health outcomes, chronic disease and health management
behavioral outcomes, and perceived health status. These are
shown in Table 4 and Figure 4 and described in the following
sections.
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Table 4. Digital health literacy and health outcomes.

Category and subcategory of outcomes, and association  Articlesin which the association occurred, n
with digital health literacy

Patient group  General population Minority group Older adults Caregivers  Total

Psychological
Psychological
Positive a 1 — 2 — 3
None — — — — 1
I nter per sonal
Positive — — — — 1 1
None — — — — 1 1
Satisfaction with health care encounters
Positive — — — 2 — 2
Behaviorsfor managing health or chronic disease
Disease self-efficacy and self-management
Positive 1 — 1 — 1 3
None — — 1 — — 1
Health risk behaviors
Positive — — 1 — — 1
Health service engagement
Positive — — 1 1 — 2
None 1 — — — — 1
Health status across patient groups
Positive 3 — — — — 3
Per ceived health status

Positive 2 — 1 1 — 4
None — 1 — — — 1
@ot applicable.
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Figure 4. Digital health literacy and behaviors for managing health and chronic disease.
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Psychosocial Health Outcomes

Digital health literacy and its relationship with psychosocial
health outcomes included diverse subcategories related to
psychological outcomes, interpersonal factors, and satisfaction
with health care encounters.

Psychological Outcomes

Four studies (4/36, 11.1%) examined associations between
digita health literacy and psychologica outcomes. Higher
digital health literacy was significantly associated with greater
empowerment through information seeking [49] and less
affective distress[44] in older adult populations. Higher digital
health literacy was also rel ated to increased information seeking,
which was associated in lower cancer fatalism (ie, inevitable
death following acancer diagnosis) in agenera population from
the United States [48]. By contrast, no associations were found
between digital health literacy and worry among caregivers of
children with special needs[34].

I nter per sonal Outcomes

Two studies (2/36, 5.6%) examined rel ationships between digital
health literacy and interpersonal outcomes. One study found
that digital health literacy was significantly associated with the
size of social networks for seeking information and support for
health decision-making in asample of caregivers of peoplewith
prostate cancer [35]. However, digital health literacy was not
associated with social functioning, family relationships, or
communication skillsamong caregivers of children with special
needs [34].
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Satisfaction With Health Care Encounters

Two studies (2/36, 5.6%) examined associations between digital
health literacy and health care encounters among older adults.
Higher digital health literacy was significantly associated with
greater satisfaction [41] and less perceived strain in medical
encounters [44] in older populations.

Behaviorsfor Managing Health or Chronic Disease

Digital health literacy and individuals management of health
or chronic disease were related to (1) disease self-efficacy,
disease management, and health risk behaviors; (2) health
service engagement; and (3) health status across patient groups.

Disease M anagement and Self-Efficacy

Four studies (4/36, 11.1%) examined digital health literacy and
disease management and self-efficacy. Three studies examined
associations between digital heath literacy and individual
management of chronic disease and health conditions, with
mixed results. In caregivers of men with prostate cancer, higher
digital health literacy was associated with greater likelihood of
getting a second opinion, awareness of treatment options, and
size of socia network for information and support in treatment
decision-making [23]. In a study of young men who have sex
with men, low digital health literacy was associated with
decreased likelihood of evaluating personal risk for HIV/STIs,
educating othersabout HIV/STIs, and getting tested for HIV/STI
after completing an HIV/STI education intervention [27]. By
contrast, in a sample of transgender and gender diverse people
[29], no relationship between self-reported digital health literacy
and adherence to human papillomavirus vaccination was found.
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In 1 study of peopleliving with COPD, those with higher digital
health literacy reported greater self-efficacy with managing
their chronic disease [39]. In another study that examined
associations between digital health literacy and associations
with health risk behaviors, higher digital health literacy was
associated with greater HIV transmission risk behaviors (eg,
unprotected sexual activities or illicit drug use) among women
infected with HIV [50].

Health Service Engagement

Three studies (3/36, 17.6%) examined associations between
digita hedlth literacy and health service engagement with
positive findings reported in 2 studies. Higher digital health
literacy was associated with greater number of general
practitioner visits through increased searches for health
information among older adults [49]. Higher digital health
literacy levels were also associated with greater likelihood of
attending a physical examination by a physicianin the prior 12
months in a Black or African Americans sample [32]. By
contrast, 1 study found no associations between digital health
literacy and health service engagement in a study of transplant
recipients. Participantswith low digital health literacy wereless
likely to havetalked with adoctor about injury information than
those with higher digital health literacy [31].

Differencesin Digital Health Literacy AcrossPatient Groups
and Health Status

Three studies (3/36, 17.6%) compared digital health literacy
across different patient or health status groups and identified
varying levels of digital health literacy. Among low-income
pregnant women with gestational diabetes or type Il diabetes,
those with gestational diabetes trended toward higher digital
health literacy than those with type |1 diabetes[28]. In another
study, kidney transplant recipients were found to have higher
digital health literacy than liver transplant patients [31]. Another
paper [46] found higher digital health literacy levels among
people with very severe COPD than among those with less
severe COPD. In addition, those with lower lung—specific
health-related quality of life also had higher digital health
literacy levels[46]. These findings were attributed to those with
more severe disease accessing the e-resources more frequently
to find strategies and information on how to self-manage their
disease [46].

Perceived Health Status

Five studies (5/36, 13.9%) examined associations between
digital health literacy and perceived health status, with studies
broadly reporting positive associations. Higher digital health
literacy was significantly associated with higher self-reported
health status among veterans with spinal cord injury [38] and
among African Americans[18]. Digital health literacy wasalso
associated with better self-care, perceived improved quality of
life, and increased health status in a community sample aged
between 40 and 93 years [41]. Similarly, higher digital health
literacy was associated with higher scores on mobility, self-care
and usual activities, and lung-specific health-related quality of
life in people with COPD; however, digital health literacy was
not associated with generic health-related quality of lifein this
sample [46]. By contrast, no associations were found between
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digital health literacy and health statusin a sample of older US
adults [40].

Physical or Neurocognitive Health Outcomes

One study each (2/36, 5.6%) explored digital health literacy on
physical [38] or neurocognitive health outcomes [45]. Among
veterans with spinal cord injury or disorder, no associations
werefound between digital health literacy and level or duration
of injury [38]. In people with HIV, lower neurocognitive
function was moderately associated with lower digital health
literacy scores[45].

Discussion

Principal Findings

This review advances our understanding of consumer digital
health literacy through identifying and synthesizing recent
literaturethat explored digital health literacy and itsrelationship
with sociodemographic characteristics and health outcomes.
The findings present mixed results regarding the relationship
between digital health literacy and sociodemographic
characteristics. However, studies broadly suggested that
increased digital health literacy was positively associated with
improved health outcomes. Based on the findings, we derive
implications for practicein closing the digital health divide.

Education was the most common characteristic associated with
digital health literacy. People with higher education levelswere
more likely to have increased literacy skills to better read and
interpret web-based health information. Moreover, education
has been shown to be a predictor of use of eHealth resources
[16]. Education is considered a major determinant of health
literacy, since educational levels often influence literacy skills,
employment status and income, and, as such, enable access to
better living circumstances and access to health care [53].
However, some individuals with higher education levels may
still have inadequate health literacy [54]. Examining specific
skills and knowledge, rather than sociodemographic
characteristics alone, may offer a more comprehensive
understanding of this relationship in future [53].

Some studies showed that older individuals were more likely
to have lower digita health literacy than their younger
counterparts, athough other studies found no associations.
Research has shown that digital health literacy decreases with
age, and this is explained by age-related cognitive changes,
decreased vision and hearing, reduced motor functioning, and
decreased health status [55]. Notably, in our current review,
studies with patient populations found no associations between
age and digital health literacy levels, and 1 recent study [36]
with older people had higher digital health literacy scores than
their younger counterparts. Furthermore, in this study [36] the
samplewasyounger and highly educated, and the findings could
be related to increased use of digital products. People with
chronic health conditions are likely required to engage with
digital health resourcesto managetheir health condition, which
may account for their higher digital health literacy levels. Thus,
while somefindings suggest that older people require additional
supportsto improve digital health literacy capacities, given the
varied outcomes, more in-depth analysis of these relationships
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between digital health literacy and age is recommended for
future research including a full systematic review and
meta-analysis. Findings showed predominantly no differences
in digital health literacy across gender. While several studies
reported that women had higher digital health literacy levels
than men, the majority found no associations, suggesting that
gender isnot alikely predictor of digital health literacy. These
findings may be attributed to increased use of electronic devices
across populations and the closing gap in education levels
between men and women [16].

Of the few included studies that examined ethnicity and digital
health literacy, findings were also mixed. While some studies
reported higher digital health literacy in White populationsthan
in minority groups [25,35], other studies found no differences
across ethnic groups [26,38], or conversely that people from
minority groups had higher digital health literacy levels[24,32].
Findings from the current review suggest that ethnicity isnot a
reliable predictor of digital heath literacy; however, further
evidenceisneeded. In addition, studieson digital health literacy
among culturally and linguistically diverse communities were
limited to aqualitive study, which was excluded from the current
review [56]. Quantitative studiesin culturally and linguistically
diverse populations that met the study criteria were lacking.
Thus, further studies are needed to explore these associations
and to identify facilitators and barriersto digital health literacy
for peoplein culturally and linguistically diverse communities.

The majority of studies reported positive associations between
digital health literacy and health resource navigation, including
higher levels of e-information seeking, e-resource engagement,
access and use of technology, engagement with health
information sources, eHealth satisfaction and trust, and comfort
and use of digital resources. The findings suggest abidirectional
relationship between digital health literacy and eHealth resource
use: those with greater accessto digital devices and greater use
of the internet had higher digital health literacy. It islikely that
those with more confidence engaging with digital products will
be more inclined to seek out heath information in digital
formats. Thefindings suggest that ensuring accessto technology,
as well as fostering skills to engage with eHealth resources is
essential to promoting digital health literacy. Furthermore, for
people with limited access to the internet or devices, we
recommend providing information in nondigital formats.

Our review found that studies examined associations between
digital health literacy and health outcomes including
psychosocial outcomes, behaviors for managing health or
chronic disease, and perceived health status. Studies showed
that higher digital health literacy was associated with greater
satisfaction with medical encounters, less perceived strain in
medical encounters, increased empowerment, greater social
networks for health information, and reduced affective distress
and cancer fatalism. In these studies, higher digital health
literacy enabled individualsto seek and understand information,
which enabled them to feel more empowered to manage their
health. However, findings were less consistent for associations
between digital health literacy and chronic disease and health
management outcomes.
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Studies of chronic disease popul ations showed that digital health
literacy was associated with greater disease knowledge and
increased disease management efficacy, consistent with a prior
systematic review [57]. However, while some studies suggested
that digital health literacy was associated with increased health
decision-making behaviorsand health service use, other studies
found no associationswith health promotion behaviorsor health
service use.

Our findings support conclusions drawn from existing reviews
[8], which identified that more studies are needed in the digital
health field to examine whether digital advancesarefacilitating
better outcomesfor those with greater skillsin using e-resources
for health purposes. Furthermore, our findings from the review
also highlight gaps in recent evidence on the impacts of digital
health literacy on prevalent chronic health conditions (eg,
cancer, heart disease, diabetes, stroke, and COPD). Given the
increased use of telehealth during the COVID-19 pandemic,
and importance of chronic disease self-management, research
to understand how digital health literacy influences a person’s
capacity to engagewith digital health resourcesto managetheir
health is needed. Furthermore, research on understanding the
impacts of digital health literacy on health outcomesin chronic
disease populations is recommended. In addition, only 2
included studies examined digital health literacy in caregiver
populations. Caregivers, particularly those of adult care
recipients, may have unique health information needs given
their role in providing support. Given the evidence gap, we
recommend further research on caregivers to identify their
digital health literacy needs and how these can be addressed
across health settings.

Study Limitations

Across all studies, digital health literacy was assessed using
self-reported measures (eg, eHealth Literacy Scale) rather than
assessments of specific digital knowledge and skills. Thus, these
perceived digital health literacy skills may not translate to
everyday digital health behaviors. Studies also varied in their
reports of digital health literacy scores (eg, means vs cutoff
criteria), thuslimiting comparability across studies. Furthermore,
included studies captured digital health literacy levels across a
range of participant groups, which limit in-depth understanding
of digital health literacy within specific populations. Thus,
findings should beinterpreted with caution for specific groups.
Only bivariate associations were reported in the current review.
Thus, nuanced understanding of relationships between digital
health literacy and health outcomes and sociodemographic
characteristics may be excluded. In addition, the aim of therapid
review was to inform the development and implementation of
emerging digital health strategies across community settingsin
real time. In contrast to afull systematic review, therapid review
approach trades some methodological rigor for efficiency in
addressing a critical topic and may therefore be vulnerable to
bias. While MeSH terms were not used in the database search
to limit outputs to articles that focused on measuring digital
health literacy, ~1500 publicationswere still identified. Finally,
the findings were limited to studies conducted from
English-speaking countries. Thus, articles that capture key
findings of the review may have been excluded.
Notwithstanding, we note that the current findings highlight
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substantial gaps in research pertaining to digital health literacy
within English-speaking countries and identify areasfor future
investigation.

Conclusions

Findings from this review suggest that sociodemographic
characteristicsmay predict digital health literacy levelsin some
but not all contexts, but evidence suggests that these are not
deterministic. Although initsinfancy and with limited evidence,
studies show some associations between increased digital health
literacy and various improved health behaviors and outcomes.
Further investigations of digital health literacy on positive
chronic disease outcomes are needed, particularly across
underrepresented but key populations, including diverse cultural
and chronic disease groups. Empowering individuals with the
skillsto critically accessand appraisereliable health information
on digital platforms and devices is vital, given emerging
evidence that suggeststhat those with low digital health literacy
seek health information from unreliable sources. Identifying

Acknowledgments

Yuenetd

cost-effective strategies to rapidly assess and enhance digital
health literacy capacities across community settings thus
warrants continued further investigation. Our findings also
confirm a warning that those with greatest digital skills may
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and vice versa, with the implication that digital divides (gaps
between knowledge of digital skills and access to health
information) may become entrenched without specific efforts
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digital health movement by identifying areasthat require further
investigation. It emphasizes the pivotal role of digital health
literature in improving health care outcomes and promoting a
more inclusive health care system. Digitalization and digital
technologies transform and enhance the delivery of health care
services, therefore, digital health literature becomes essential
to engage health consumers and empower them to actively
participate in their own health care and address health
inequalities.
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Abstract

Background: The rehabilitation of children with disabilities has received considerable attention from the United Nations.
However, the state of rehabilitation services for children with disabilities worldwide remains far from optimistic, even in
economically affluent middlie- and high-income countries.

Objective: This scoping review aimed to identify the rehabilitation needs of children with disabilities and their barriers to
rehabilitation services in middle- and high-income countries.

Methods: A systematic search was conducted using MEDLINE and Web of Science for papers published from January 2013
to December 2023. Studies were included if they were peer-reviewed, full-text articles related to children with disabilities,
reporting on their access to rehabilitation services, and conducted in countries classified by the World Bank 2023 as middle- and
high-income economies. Exclusion criteriaincluded duplicates, unavailable full texts, and studies without distinct outcomes. A
total of 27 studies were selected following PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines, focusing on children, their families, or service providers.

Results: The suitability, availability, and affordability of rehabilitation services were identified as the major needs and barriers
for children with disabilities in middle- and high-income countries. This included communication barriers, a need for more
personnel and facilities, and the stagnation and inadequacy of economic subsidies.

Conclusions: Middle- and high-income countries have relatively well-established rehabilitation infrastructure and support
systems. They are nevertheless insufficient for meeting the needs of children with disabilities. More attention should be paid to
these issues to improve the well-being of children with disabilities. The data provided by thisreview can help raise awareness of
rehabilitation needs and barriers at the policy level.

(Interact J Med Res 2024;13:e50047) doi:10.2196/50047

KEYWORDS

children with disahilities; barriers; health services, middle- and high-income countries; child; low income; middle income;
disability; children; disabilities; income; barrier; rehabilitation; suitability; availability; affordability; support system; support;
awareness; policy
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Introduction

Worldwide, over 240 million children are impacted by
disabilities [1], which predominantly manifest as functional
impairments. These impairments substantially inhibit their
ability to engage in foundational activities such as learning,
daily functions, and socia integration. Defined by age,
individualsyounger than 18 yearswho experience physiological,
psychological, or cognitive deficits, whether congenital or
acquired, are classified as children with disabilities[2]. Children
are in a crucial period of growth and development. Timely
intervention and treatment not only promote the physical and
cognitive development of children with disabilities but also
minimize the impact of disabilities on their livesto the greatest
extent possible [3]. Rehabilitation for children with disabilities
encompasses acomprehensive approach that integrates medical,
educational, and social rehabilitation methods. Its primary aim
isto assist childrenin overcoming physiological, psychological,
or societal barriers. The ultimate goal is to maximize their
quality of life, functionality, and autonomy [4]. Compared with
their healthy peers, children with disabilities have higher rates
of morbidity, require increased medical attention, and have
longer hospital stays [5]. The rehabilitation needs of children
with disabilities are more pressing. However, children with
disabilities often face greater challenges in meeting their
rehabilitation needs. Children with disabilities sometimes face
the impact of different social attitudes and cultural traditions,
experiencing discrimination and exclusion, which results in
their service needs being overlooked [5]. Furthermore, barriers
related to transportation and the natural environment also limit
the fulfillment of the needs [6].

Rehabilitation welfare policies for children with disabilities
have been established in most regions [7-9]. However, these
policies seem to have not yielded satisfactory outcomes [10].
Children with disabilities still face considerable drawbacks in
various indicators used to assess child welfare. In sub-Saharan
African countries[11], common deficiencies, such as attitudinal
problems, poverty, inadequately trained, health care
professionals, and physical inaccessibility are seen. The
existence of regional disparities contributes to the insufficient
distribution of health care resources and funding [12,13]. This
further affects the accessibility of rehabilitation services for
children with disabilities residing in different regions. The
disparity in national economic levels directly impacts the
allocation of medical resources and funding, resulting in
significant variations in the level of support available for
children with disabilities residing in different regions [14,15].
The World Bank classifies the global economy into 4 distinct
categories based on 3incomethresholds: US $1135, US $4465,
and US $13,846 per capita gross national income (GNI) for the
year 2022. These categories are  low-income,
lower-middle-income, upper-middle-income, and high-income
[16]. Previous research has predominantly focused on countries
classified aslow-income economies[12,17,18]. Evenin middle-
and high-income countries with relatively better economic
conditions, the status of rehabilitation support for children with
disabilities is equally concerning [19]. Compared with
low-income countries, these nations and regions possess a
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greater abundance of resources and experience in providing
rehabilitation services. However, there are still issues with the
accessibility of rehabilitation services for children with
disabilitiesin these regions [17]. The growth of the population
and the increasing prevalence of chronic illnesses have raised
additional demands for rehabilitation services. Disparities in
economic levels have exacerbated regional inequalities in the
alocation of rehabilitation resources [18]. Additionally,
differences between early-established welfare policies and
current rehabilitation needs also impact the fulfillment of these
demands [20]. There has been relatively limited exploration in
existing literature regarding the specific influencing factors that
pertain to middle- to high-income countries and regions. The
purpose of this study was to systematically review the existing
literature on the state of rehabilitation servicesfor children with
disabilities, especially in middle- and high-income countries.
This review aims to explore the factors influencing the
accessibility and effectiveness of these services and to identify
gapsin current policies that could be addressed to better meet
the diverse needs of children with disabilities across different
€conomic contexts.

Methods

Review Design

We conducted a scoping review to map the evidence regarding
the accessibility of rehabilitation services for children with
disabilities across the world. The review was based on a
systematic search of relevant sources that have been used
previously in the field of disability [21,22]. Scoping reviews
have broad, comprehensive objectives compared with systematic
reviews, which are often guided by more narrow, focused
research questions [23]. We chose this approach given the
limited range of rigorous study designs described in traditional
systematic review papers. In addition, because this scoping
review was intended to provide a descriptive overview of the
applicableliterature [24], we did not critically assessthe papers.
We acknowledge that the studies included in the review may
have methodologica strengths and limitations. Therefore, we
approach the selection and analysis with caution. We are
particularly mindful that some studies may not be
methodologically suited to provide precise explanations.
However, we make an effort to highlight the contributions of
each study and their role in the broader context. While scoping
reviews may not be the most robust tool for evidence synthesis,
they provide us with avaluable starting point to understand the
unmet health care needs of children with disabilities and point
theway for futureresearch. Theoutlinefor thisreview followed
the 5-stage framework described by Arksey and O’ Malley [23],
which includes (1) identifying the research question, (2)
identifying relevant studies, (3) selecting studies, (4) charting
the data, and (5) accumulating, summarizing, and reporting the
results.

I dentifying the Research Question

The purpose of this scoping review wasto understand the current
status of rehabilitation services for children with disabilities,
explore the influencing factors, and make constructive
observations. Thisisimportant for improving the well-being of
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children with disabilities and responding to the World Health
Organization’s (WHQO's) 2030 Rehabilitation Initiative.

Identifying Relevant Studies

We searched the electronic databases MEDLINE and Web of
Science using combinations of the keywords, which are
Rehabilitation, Disabled Children, and Health Services for
Personswith Disabilities. Specific search strategies can befound
in Multimedia Appendix 1. We screened thetitles and abstracts
of publications from the past 10 years (2013-2023) to find
relevant articles and capture the most recent evidence. The
literature within this time frame encompasses aterations in
policy, technology, and rehabilitation services, thereby
augmenting the filterability and analyzability of research data
and literature [25-27]. Through this strategy, we aimed to
provide highly relevant and practical information.

Eligibility Criteria and Study Selection

Studies were eligible if they met the following criteria: (1) a
study related to a child with a disability; (2) the participants
were children with disabilities, their family members (parents,
relatives), or staff providing services; (3) the study reported the
disabled child’s access to rehabilitation services, and (4) the
study was conducted in countries classified by the World Bank
2023 as middle- and high-income economies. Studies were
excluded if the full text of the electronic source was not
available. Duplicate reports of the same study were combined
if they reported different results or excluded if they had the
same results. The first round of screening removed duplicate
studies and eliminated articles based on titles and abstracts. Our
selection process was conducted in 2 stages to ensure accuracy
and relevance. In the first stage, XYJ and LY independently
reviewed titles, abstracts, and full texts of identified publications.
Each conducted their assessments separately to maintain
objectivity, documenting their findingsto ensure alignment with
our inclusion criteria.

In the second stage, these authors met to jointly reassess the
retained papers, focusing specifically on their relevance to our
review’s topic. This collaborative review helped refine the
selection further. Any disagreements encountered during this
reassessment were resolved through detailed discussions until
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a consensus was reached regarding each paper’s compliance
with the inclusion criteria.

Data Charting

Participant demographics (eg, information on children with
disabilities and type of disability), access to rehabilitation
services, and study-related data (eg, the author or researcher,
year of publication, study objectives, and whether the study was
in amiddle- or high-income country) were extracted and put
into Excel (Microsoft Corp). Two independent reviewers
conducted the extraction of pertinent data from the papers
included in the scope-defining review. Next, we read the full
texts of the remaining papers and extracted the following: the
author or researcher, date of publication, study objectives,
inclusion criteria, age of child or children, sample size, age of
parents, type of disability, city or country or setting of the study,
research method, study results, and thefacilitators of and barriers
to rehabilitation services. Any disagreements among reviewers
that cannot be resolved through discussion or consensus will
be resolved by athird reviewer. Penchansky and Thomas [28]
have compiled a set of specific dimensions that delineate the
relationship between patients and the health care system. Their
analysis demonstrates discernible distinctions among these
dimensions. These specific dimensions encompass the aspects
of availability, accessibility, accommodation, affordability, and
acceptability. The extracted information has been categorized
using these 5 dimensions.

Results

Search Results

The initial search produced 11,724 documents after removing
6520 duplicates, 4867 documents were further removed after
screening titles and abstracts. We then screened 76 full-text
papers and excluded an additional 49 papers. The reasons for
exclusion during full-text screening were the following: (1) did
not reflect the relationship between rehabilitation services and
need (n=34); (2) full text was not available el ectronically (n=9);
and (3) did not target children with disabilities (n=6). Figure 1
illustratesthe search process. All theincluded studies are listed
in Multimedia Appendix 2 [15,29-54].
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Figurel. PRISMA (Preferred Reporting Itemsfor Systematic reviews and Meta-Analyses) flow diagram of the study selection process.
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Characteristics of the Included Articles

The majority of the studies (21/27, 77.8%) of children’'s
rehabilitation services were conducted in high-income
economies, with 22.2% (6/27) at upper-middle income levels.
Regarding regions, the highest number of studies were
conducted in East Asia and Pacific (9/27, 33.4%) and Europe
and Central Asia (8/27, 29.6%), followed by North America
(7/27, 25.9%), Middle East and North Africa (2/27, 7.4%), and
sub-Saharan Africa (1/27, 3.7%).

The selected studies investigated the rehabilitation needs of
children with disabilities and the barriers they face. Of these
studies, 33.4% (9/27) solely involved children with disabilities,
while the remaining papers gathered information from parents
of children with disabilities (12/27, 44.4%) or professional
caregivers (4/27, 14.8%). In some studies, children with
disabilities could not articulate their needs due to their unique
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physical conditions. Consequently, researchers gained insights
into the children’s rehabilitation requirements and challenges
by conducting interviews with their parents. For instance,
parents were asked about their perceptions of their child’'s
experience with rehabilitation services or to elaborate on the
effect of their child’s disability on the family’s quality of life.

Overdll, the included studies had diverse goals, such as
investigating the unmet health care needs of children with
disahilities, insurance plans, quality of life for children and
families, participation in activities, and intervention programs.
Nevertheless, the primary focus of the reviewed papers was on
the health care requirements of children with disabilities and
the barriers they face, with relatively limited attention given to
treatment techniques or clinical outcomes. Table 1 lists the
descriptive statistics of the included documents. All selected
documents will be included as supplementary materials in the
form of appendices.
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Table 1. Genera characteristics of the studies eligible for inclusion in the review.

Characteristics Publications
World Bank income category, n (%)
High-income economy 21(77.8)
Upper-middie income economy 6(22.2)
World Bank region, n (%)
East Asiaand Pecific 9(33.49)
Europe and Central Asia 8(29.6)
North America 7(25.9)
Middle East and North Africa 2(7.4)
Sub-Saharan Africa 1(3.7)
Participants, n (%)
Parent 12 (44.4)
Children 9(334)
Caregiver 4(14.8)
Multiple 2(7.4)
Disability domain, n (%)
Multiple domains 17 (62.9)
Physical 5(18.5)
Intellectual 2(7.4)
Neurological 2(7.49)
Hearing 137
Study design, n (%)
Quantitative 16 (59.3)
Qualitative 10 (37)
Mixed methods 1(3.7)

Rehabilitation Needs and Barriersto Accessing
Services

The scale by Penchansky and Thomas [28] addresses access to
health care and consists of 5 categories, which include
accessibility, acceptability, affordability, appropriateness, and
availability. This classification's validity has been confirmed
through interview data analysis. Accessibility describes the
physical connection between the family and the location of
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rehabilitation services. Acceptability refers to clients and
providers satisfaction with health care services. Affordability
relatesto the connections between financial constraints, financial
capacity, and health insurance availability. Appropriateness
refers to the match between supply and patient demand.
Availability describes the connection between supply and
demand for resources. This study used Penchansky’s scale to
identify information about barriers to rehabilitation services
(Table 2).
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Table 2. Factors affecting the fulfillment of rehabilitation needs of children with disabilities.

Factors Reference
Accessibility
Transportation problems Jeong [40]

Distance to service

Acceptability

Rejection and discrimination
Privacy and trust
Shame and fear

Doubts about validity

Affordability

Insurance issues

Burden of treatment

Other economic issues

Appropriateness

Number of treatments

Targeted rehabilitation ser-
vices

Expertise

Communication barriers

Availability

Procedures

Schedule
Messaging
Spiritual support

Equipment service supply

Alyami et a [29], Mulligan et a [41], Caicedo [36]

Wang et a [39]

Teleman et a [42]

Mulligan et a [41], Teleman et al [42], Wang et a [39]
Teleman et al [42], Sukeri et a [37], Lindly et a [43], Xiaet a [44]

Lindly et al [43], Schaible et al [30], Robinson et a [33], Xiaet a [44]

Alyami et al [29], Lindly et a [43], Parr et a [32], Roux-Levy et al [38], Piskur et a [45], Xiaet a [44], Houtrow
et al [46], Raouafi et a [15]

Lindly et al [43], Schaible et a [30], Robinson et a [33], Gallagher et al [34], Raouafi et a [15], Jeong [40],
Meehan et al [47], Umat et al [48]

Alyami et a [29], He et al [49)]
Sukeri et a [37], Wang et al [39]

Mulligan et a [41], Sukeri et a [37], Roux-Levy et a [38], Wang et a [39]

Carter et a [50], Mulligan et a [41], Sukeri et a [37], Parr et al [32], Caicedo [36], Ziviani et a [35], Pérez-Ardanaz
eta [51]

Roux-Levy et a [38], Sukeri et a [37]
Wang et al [39], Alyami et al [29], Ziviani et a [35]
Xiaet a [44], Alyami et a [29], Matsuzawa and Shiroki [52], Ziviani et a [35], Sukeri et al [37]

Xiaet al [44], Alyami et a [29], Matsuzawa and Shiroki [52], Mulligan et al [41], Piskur et al [45], Cacioppo et
al [31], Lindly et a [43], Khusaifan and Keshky [53], Umat et al [48]

Carter et al [50], Pérez-Ardanaz et a [51], Alyami et al [29], Mulligan et a [41], Houtrow et al [46], Roux-Levy

et al [38], Arabiat et al [54], Jeong [40], Sukeri et al [37]

Accessibility

Theaccessihility of rehabilitation servicesrefersto thereduction
of various barriers that may exist in accessing these services,
intending to achieve equality for al. Ensuring that children with
disabilities can easily access rehabilitation services has a
significant impact on meeting the rehabilitation needs of these
children [55]. On the one hand, geographic distance is strongly
linked with time costs for children with disabilities to access
rehabilitation [29]. On the other hand, the distance barrier also
interferes with the ability of rehabilitation specialiststo connect
and share experiences. Geographical isolation hinders
information exchange in resource-poor regions, often leaving
rehabilitation experts in these areas isolated and unsupported
“informationidlands’ [27]. Apart from the challenges associated
with the coverage and frequency of “public transportation,”
Jeong [40] found that “ personal transportation” includesfactors
such as the availability of vehicles also influencing the
accessibility of rehabilitation services.
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Acceptability

The acceptance of rehabilitation services by children with
disahilitiesisaffected by personal factors such as stigmatization
and doubts about service effectiveness [ 28,29,55,56]. According
to 3 papers [39,41,42], disability is often stigmatized, leading
to areluctance among parents to seek rehabilitation treatment
for their children with disabilities. This stigma associated with
disability can deter families from pursuing the necessary care
and therapies[57]. Discrimination may also lead to rehabilitation
professionals refusing to provide their services. This directly
impactsthetrust relationship between children with disabilities
and service providers, ultimately influencing the decision to
seek rehabilitation services [30]. In a reviewed study [58], a
Chinese mother faced discrimination due to her child’'s autism,
leading to trust issues in rehabilitation services and service
discontinuation. The current situation of this discrimination
may explain how children with disabilities are deprived of their
rehabilitation rights through voluntary abandonment in a
so-caled equitable institutional environment. Furthermore,
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rehabilitation careisalong-term process. Short-term outcomes
are often limited. Some families of children with disabilities
may develop a negative attitude toward rehabilitation services
because they perceive that the short-term impact falls short of
their initial expectations [56].

Affordability

The relationship between disability and poverty is reciprocal
[56,57]. Families of children with disabilities were more likely
to experience financial burdens owing to their child's health
condition [30]. Such familiesface multiple financial challenges,
including rehabilitation expenses [30,58,59], assistive
equipment, institutional care [29], home renovations [15], and
travel expenses [60]. While governments in middle- to
high-income countries generally offer financial assistance and
insurance, some families having children with disabilities still
experience significant economic burdens [61-63], and current
insurance benefits fall short of completely covering the
rehabilitation needs of children with disabilities [31]. The gap
between financial assistance and the actual needs continues to
widen [32,33]. It is worth noting that the current financial
assi stance system primarily focuses on children with confirmed
disabilities. This might exclude children with disabilities who
require rehabilitation but do not have aformal diagnosis[34].

Appropriateness

Effective rehabilitation treatment relies heavily on the
appropriateness of rehabilitation services, which includes
matching treatment services, goals, and assistive devices with
patients needs [64]. As reported by mothers in a study
conducted in Kelantan, Malaysia, profit-oriented organizations
may overlook theindividual needs of children with disabilities,
which can diminish the effectiveness of rehabilitation services.
Parents have noted that insufficient responsiveness from
professionals has reduced the practical utility of the services
[56]. The professionalism of rehabilitation professionals is
crucial for the appropriateness of services. Insufficient
professionalism can result in delaysin addressing the conditions
of children with disabilities. Rehabilitation training is widely
available in middle- to high-income countries. However, there
isalack of professional ability among rehabilitation personnel.
This deficiency leads to children with disabilities not receiving
timely and accurate treatment, even when they diligently follow
their rehabilitation plans[56]. Dueto limitationsin the size and
staff of rehabilitation institutions, the frequency and number of
treatments can also impact the effectiveness and satisfaction of
rehabilitation services. In a family survey of Saudi Arabian
children with hearing impairment [26], more than half of the
participants believed that the number of treatment sessions
provided was inadequate to meet their rehabilitation demands.

Communication gaps between the staff of rehabilitation
institutions and the parents of children with disabilities can lead
to misunderstandings and negative perceptions [35,36]. A lack
of collaborative communication among staff within
rehabilitation ingtitutions can increase feelings of isolation
among rehabilitation professionals. It also has the potential to
reduce job motivation [28]. Even though rehabilitation facilities
in middlee and high-income countries are relatively
well-established, thelack of communication and interaction has
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still been identified asaseriousissue. Studiesindicate that poor
internal and external communication within institutions, along
with alack of collaboration, increases the co-ordination burden
on parents of children with disabilities [58]. This also hinders
thetransfer of treatment between different rehabilitation systems
and the sustainable development of children with disabilities
[32]. The compatibility of assistive facilitiesisalso akey factor.
For instance, in the provision of rehabilitation equipment for
children with physical disabilities, nonportablewheelchairsare
often voluntarily abandoned because they do not meet the actual
needs of children with disabilities [37].

Availability

The availability of rehabilitation services for children with
disabilities emphasizes the presence and provision of
rehabilitation resources, as well as the reasonable scheduling
of rehabilitation service delivery, which are key factors in
meeting the rehabilitation needs of children with disabilities.
Factorsrelated to thisinclude cumbersome procedures, the need
for information and emotional support, the need for specialized
medical facilities, and scheduling convenience. If the family
cannot afford the cost of the wait times, they will give up on
rehabilitation [38]. Australian parents of children with physical
disabilities report that flexible scheduling and location of
rehabilitation services provide them with convenience [35].

Studies highlight the need for information on rehabilitative
options [29]. Available research showed that middle- and
high-income countries have relatively well-established
rehabilitation facility structures, yet the exchange and
communication of rehabilitation information have not received
adequate attention. The quantity and quality of information
provided by rehabilitation service institutions are often
unsatisfactory. Thiscompels parents of children with disabilities
to seek solutions on their own [58]. It is worth noting that
children with disabilities and their caregivers experience both
physica and mental stress. While it has been proven that
psychological support is beneficial for their mental well-being
[26,40,41], it remains one of the common unmet needs within
rehabilitation programs [42,57]. Regiona disparities in
rehabilitation services create challenges for children with
disahilitieswho seek higher-quality rehabilitation services[38].
To access higher-level services, they are compelled to bear
higher treatment costs [29,39,65]. The current situation of
oversaturated health care resources and low-quality health
system services al so prolongs the access cycle and reduces the
level of servicesfor children with disabilities [38,55].

The most commonly discussed issue in the literature was
availability, followed by affordability. Notably, Europe or
Central Asia, North America, and East Asiaor Pacific werethe
main regions reporting both of these issues.

High-income countries reported the greatest need for specialized
facilities and emotional support, followed by financial issues
not covered by insurance and treatment costs. Communication
barriers and doubts about the effectiveness of rehabilitation
treatment were also highlighted as acceptability concerns.
Professionalism and access to spiritual support were also
mentioned. In contrast, participants from middle-income
countries expressed greater concern with the accessibility,
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appropriateness, and acceptability of rehabilitation services.
Thisdisparity might berelated to thefact that half of the studies
in middle-income countries focused on rehabilitation service
workers.

Discussion

Principal Findings

This scoping review aimed to provide an overview of the
rehabilitation needs and related obstaclesfaced by children with
disabilitiesresiding in middle- and high-income countries. The
final review comprised 27 peer-reviewed papers published
between 2013 and 2023, categorized into 5 groups based on
rehabilitation-related factors, alowing for a summary and
comparison of related studies. The findings of this review
suggest that even in economically prosperous middle- and
high-income countries, common factors still affect children with
disabilities achievement of rehabilitation services. The
appropriateness, accessibility, and affordability of rehabilitation
services were identified as the main factors related to the needs
and barriers of families of children with disabilities. Having
identified these factors, it is possible to propose
recommendations aimed at the formulation of intervention
strategies.

The accessibility of rehabilitation services is a fundamental
issuerelated to the presence or absence of service resources. In
line with research conducted in low-income countries, it is
consistent that children with disabilities generally face
difficultiesin accessing adequate health care services[66]. This
issue is not only confined to low-income countries but also in
middle- and high-income countrieswith more developed health
care systems [67]. However, there are differences between the
2 when it comes to the specific challenges they face: unlike the
generadly low availability of rehabilitation resources in
low-income countries, the main influence factor in middle- and
high-income countries is the uneven distribution. The
availability of rehabilitation resources is generally high but
concentrated in economically developed areas [68]. In
underdeveloped regions, children with disabilities face
challenges in accessing rehabilitation resources, resulting in a
relative scarcity of rehabilitation resource provision [28].
Capitalizing on the spillover effect of developed regions,
rehabilitation resources should be strategically allocated to less
developed regions. This can improve the overall quality of
servicesfor families of children with disabilities, enhancing the
capabilities of existing heath care and rehabilitation
professionals while attracting new talent to underserved areas.
By increasing both the quantity and quality of professionals,
the accessibility and effectiveness of services could beimproved.
Through theimplementation of these measures, we can mitigate
the uneven distribution of resources between regions and reduce
disparitiesin rehabilitation levels [68].

Accessto affordable and adequate health care for children with
disabilities remains a pervasive challenge in middle- and
high-incomeregions. It was discussed in 12 papersin 8 different
countries. In contrast to low-income countries, the economic
pressure in this context does not arise from alack of assistance
but rather from the effectiveness of the assistance system itself
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[26,35,64]. Aseconomic levelsand rehabilitation costs continue
torise, the actua medical expenses surpassthefinancial support
avalable to families. This discrepancy has rendered the
previously established financial subsidy policies inadequatein
meeting the current rehabilitation support needs. Thisdiminishes
the effectiveness of assistance. Although such countries
generaly have relatively completed insurance systems and
benefit arrangements [25], an unmet need for support also exists.
For instance, current insurance benefitsfall short of completely
covering rehabilitation costsfor children with disabilities [39].
Evaluating the effectiveness of financial assistance programs
and adjusting subsidy standards for children with disabilities
based on actual circumstances is necessary. By understanding
the specific needs of different types of children with disabilities
and making targeted adjustments to subsidy policies, resource
allocation can be improved, leading to enhanced utilization
efficiency. Extending insurance coverageto encompassadiverse
range of rehabilitation-related expenditureswill better meet the
individualized needs of children with disabilities. Besides
traditional physical and speech therapy, occupationa therapy,
psychological counseling, and special education resources
should also be incorporated. Achieving this goal necessitates
close co-operation among hedth care service providers,
policymakers, and other stakeholdersto adopt policiesto address
complex rehabilitation needs. Simultaneously, the long-term
and intricate nature of the rehabilitation process for children
with disabilities must be considered, and adjustments in
assistance to offer more flexible and enduring support should
be made.

Effective communication is a pivotal issue in improving the
appropriateness of rehabilitation for children with disabilities.
In low-income countries, thisissue has received relatively little
attention in research [12]. However, in this review, 6 out of 15
middle- to high-income countries (40%) have reported this
concern. Thisencompassesthe need for communication between
children with disabilities and rehabilitation staff, knowledge
exchange among rehabilitation professionals, and referrals
between rehabilitation institutions. Educating and training
rehabilitation service providers in effective communication
strategies is crucial, encouraging them to actively listen to
families’ opinions and address their concerns. Future research
should delve into the collaboration between rehabilitation
experts and ingtitutions, emphasizing resource sharing,
information flow, and referral and treatment modelsfor children
with disabilities. This approach aims to enhance the
sustainability of rehabilitation services for children with
disabilities.

This review has several limitations that should be noted. First,
even though we used an extensive search strategy to find all
relevant studies, the search scope was constrained because our
study was not a systematic review. Second, most studies were
conducted in North America, Europe, and Asia or the Pacific,
making comparisons by continent and economic development
level difficult. Furthermore, some of the studies were carried
out at the district level, making it difficult to extrapolate to the
nation’s overall rehabilitation status. Finally, rather than
focusing on more general disability identification, interventions,
and clinical research, we mainly considered the rehabilitation
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needs of children with disabilities and the related barriers.
Therefore, thismight not reflect accessto rehabilitation services
in the broadest sense, as mentioned in WHO's 2030
Rehabilitation Initiative. Future research could further refine
rehabilitation initiatives related to children with disabilities to
obtain more complete information.

Conclusion

Xieetd

servicesin middle- and high-income countries. The affordability,
availability, and appropriateness of rehabilitation serviceswere
major factors affecting access. Despite the established service
supply in these countries, accessfalls short of meeting the needs
of children with disabilities. To address these challenges, it is
necessary to expand financial coverage, improveinfrastructure
and professional training, and strengthen supporting institutions.

This scoping review highlighted the rehabilitation needs of
children with disabilities and the barriers to rehabilitation
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Abstract

Background: A common challenge for individuals caring for people with Alzheimer disease and related dementiasis managing
the behavioral and psychological symptoms of dementia (BPSD). Effective management of BPSD will increase the quality of
life of people living with dementia, lessen caregivers' burden, and lower health care cost.

Objective: In this review, we seek to (1) examine how indoor environmental quality parameters pertaining to light, noise,
temperature, and humidity are associated with BPSD and how controlling these parameters can help manage these symptoms
and (2) identify the current state of knowledge in this area, current gaps in the research, and potential future directions.

Methods: Searches were conducted in the CINAHL, Embase, MEDLINE, and PsycINFO databases for papers published from
January 2007 to February 2024. We searched for studies examining the relationship between indoor environmental quality
parameters pertaining to light, noise, temperature, and humidity and BPSD.

Results: A total of 3123 papers were identified in the origina search in October 2020. After an additional 2 searches and
screening, 38 (0.69%) of the 5476 papers were included. Among the included papers, light was the most studied environmental
factor (34/38, 89%), while there were fewer studies (from 5/38, 13% to 11/38, 29%) examining the relationships between other
environmental factors and BPSD. Of the 38 studies, 8 (21%) examined multiple indoor environmental quality parameters.
Subjective data were the only source of environmental assessments in 6 (16%) of the 38 studies. The findings regarding the
relationship between agitation and light therapy are conflicted, while the studies that examined the relationship between BPSD
and temperature or humidity are all observational. The results suggest that when the environmental factors are deemed
overstimulating or understimulating for an individual with dementia, the behavioral symptoms tend to be exacerbated.

Conclusions: The findings of this scoping review may inform the design of long-term care units and older adult housing to
support aging in place. More research is still needed to better understand the relationship between indoor environmental quality
parameters and BPSD, and there is a need for more objective measurements of both the indoor environmental quality parameters
and behavioral symptoms. One future direction is to incorporate objective sensing and advanced computational methods in
real-time assessments to initiate just-in-time environmental interventions. Better management of BPSD will benefit patients,
caregivers, and the health care system.
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Introduction

Background

Alzheimer disease and related dementias (ADRD) are a major
public health challenge. The number of Americans aged =65
years with Alzheimer disease was estimated to be 6.7 million
in 2023 [1]. In 2023, total payments for health care, long-term
care, and hospice services for people aged =65 years with
dementia were estimated to be US $345 bhillion in the United
States. The number of people with Alzheimer disease in the
United Statesis projected to grow to 13.8 million by 2060 [1].

A major component of the high psychological and financial
costs of ADRD is related to addressing the needs of people
living with dementia who have behavioral and psychological
symptoms of dementia (BPSD), also called neuropsychiatric
symptoms. BPSD encompass the challenging behaviors
exhibited by peopleliving with dementiathat comprise avariety
of symptoms that commonly include, but are not limited to,
apathy, anxiety, depression, agitation, delusions, hallucinations,
motor disturbances, and sleep changes. These symptoms are
associated with faster disease progression [2], increased
caregiving burden [3], and earlier placement into long-term care
settings[4]. Pharmacological intervention is often not effective
and is associated with undesirable side effects [5], with
nonpharmacological therapy being a first-line approach to
management [6].

The causes of BPSD are multiple, ranging from intrinsic
neuropathologic factors to human factors such as caregiver
interactions and the social-environmental milieu [7]. There is
considerable evidence suggesting that environmental factors
can affect the progression of different diseases aswell ashuman
behaviors [8,9]. The environment as a risk factor for ADRD
has been reviewed, suggesting links between increased risks of
ADRD and factors such as poor air quality, environmental
toxins, and occupation-related exposures [10,11]. However,
what has been less clearly examined is the potential direct
relationship between person- or residence-level experienced
environmental factors and contemporaneous behavioral changes
associated with ADRD. This is important because most older
people and people living with dementia spend the majority of
their time indoors [12].

There has long been debate regarding the definition of the
environment [13]. For the purpose of this review, we are
focusing on the ambient environment as defined by Harris et a
[14]. Factors pertaining to the ambient environment, such as
light, noise, temperature, and humidity, contributeto the visual,
acoustic, and thermal comforts of the occupants and may be
associated with their BPSD [15]; for example, inadequate light
has been suggested to be arisk factor for sundowning syndrome
(people with late-stage dementia exhibiting more agitated
behaviorsin the late afternoon and evening) because of therole

https://www.i-jmr.org/2024/1/e56452

of light in vision and its role in circadian rhythm modulation
[16,17]. Therefore, designing an indoor environment that would
address the needs of people living with dementiais paramount
and may reduce their BPSD. A first step to creating an optimal
indoor environment for people living with dementiawith BPSD
is to understand which environmental factors are related to
BPSD and how they impact the symptoms.

Previous papers have reviewed the effect of the long-term care
environment on physical activity levels [18], the achievement
of therapeutic goals such as safety and socialization [19], and
neuropsychiatric symptoms [20,21]. However, these reviews
have primarily focused on the parameters of the built
environment (eg, size and layout of spaces), interior design, and
occupancy and staffing ratios, rather than aspects of the
environmental quality that impact comfort, such astemperature
and humidity, noise levels, and lighting. Comfort is especially
important to consider for people living with dementia because
BPSD represent an expression of discomfort, stress, and unmet
needs when insight and communication become more difficult
[22]. Nevertheless, anosognosia and aphasia also prevent the
subjective measurement of comfort. Thus, it is necessary to
understand the impact of various objective aspects of
environmental quality that may improve comfort and, in turn,
BPSD.

Objectives

Accordingly, we conducted this scoping review to (1) examine
how indoor environmental quality parameters pertaining to light,
noise, temperature, and humidity are associated with BPSD and
how controlling these parameters can help manage these
symptoms and (2) identify the current state of knowledge on
the relationship between indoor environmental quality
parameters and BPSD, current gapsin theresearch, and potential
future directions.

Methods

Overview

We followed the PRISMA-ScR (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses extension for Scoping
Reviews) reporting guidelines for this scoping review. We
conducted a scoping review because we aimed to (1) provide
an overview of the broad literature examining the relationship
between indoor environmental quality parameters and BPSD
and (2) identify gaps and future directions.

The databases used were CINAHL, Embase, MEDLINE, and
PsycINFO. A literature search strategy was crafted for each
database that would retrieve records containing a combination
of appropriate index terms and text words pertaining to the
following concepts: dementia (dementia, Alzheimer disease,
etc), environmental conditions (heat, temperature, light,
humidity, etc), and BPSD (anxiety, depression, apathy, agitation,
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pacing, etc). The complete search strategies can be found in
MultimediaAppendices 1-3. The original search was performed
on October 7, 2020, and updated on April 21, 2022, and
February 22, 2024. The inclusion and exclusion criteria are
presented in Textbox 1.

Six reviewers (WMA-Y, CW, MN, LM, RH, and KW)
compl eted the screening process, which consisted of two stages:
(2) title and abstract screening and (2) full-text screening. First,
thetitle and abstract of each paper werereviewed by 2 reviewers

Textbox 1. Inclusion and exclusion criteria.

Au-Yeung et d

independently to examine whether the studiesmet theinclusion
criteria. The reviewers then met iteratively to reconcile any
differences in their decisions regarding whether a particular
paper should be included. If the 2 reviewers could not come to
an agreement, a third reviewer would help reach a decision.
After title and abstract screening was completed, the included
papers at this stage were retrieved for full-text screening, and
the process was repeated after reading the papers in their
entirety.

Inclusion criteria
«  Writtenin English
o  Peerreviewed

«  Studies of older adults with Alzheimer disease and related dementias (ADRD), not including mild cognitive impairment

«  Relationships between indoor environmental quality parameters, including light, noise, temperature, and humidity and the behaviors of people

living with dementia
«  Exposureto environmental conditions leading to behavioral change
«  Observationa or controlled

o All residential settings

«  Studies using measurements of peopl€'s behaviors and psychological symptoms as 1 of the outcomes

«  Studiesthat include measurements or descriptions of the indoor environmental quality parameters (light, noise, temperature, and humidity)

Exclusion criteria

« Review articles, commentaries, opinions, theses, and letters to editor

«  Studieson genetics asrisk factors for ADRD

«  Studiesthat examine the effect of decoration, furniture arrangement, and home-like feeling on participants’ behaviors

«  Studies on the environment as arisk factor for developing ADRD

«  Studieson horticultural therapy, music therapy, multisensory stimulation therapy, virtual or augmented reality, or outdoor activities

«  Studies published before 2006 (the 15-year cutoff was chosen to include articles that best represent the current state of knowledge)

Six reviewers (WMA-Y, MN, ZB, LM, RH, and SG) extracted
data from the included papers after the screening process was
completed. A survey built in Qualtrics (Qualtrics I nternational
Inc) was created to assist this process. The survey listed
guestions covering study design, year of publication, theregion
and residential settings in which the research was conducted,
sample size, demographics of the sample, which environmental
conditions were assessed and how they were examined, and
which BPSD were evaluated and how they were measured.
Next, the papers were categorized by the examined
environmental factor or factors: (1) light level, (2) noise level,
(3) temperature or humidity, and (4) multiple indoor
environmental quality parameters. If there were unified themes
of BPSD examined in the articles (eg, agitation and
mood-related symptoms), the study results of each themewould
be synthesized by summarizing the counts of different study
designs and providing a narrative summary [23]. All study data
were aso summarized into tables. In doing so, the current state
of knowledge, gaps in research, and future directions were
identified.

https://www.i-jmr.org/2024/1/e56452

Ethical Consider ations

Ingtitutional review board approval was not required for this
scoping review because the research did not involve human
participants.

Results

Overview

A total of 3123 articles were identified in the search initiated
on October 7, 2020. After excluding papers published before
2006 as well as duplicates, the titles and abstracts of 1887
articleswere screened, after which 1707 (90.46%) articleswere
excluded, and 180 (9.54%) wereretrieved for full-text screening.
Ultimately, of these 180 articles, 26 (14.4%) were included.
The search was updated on April 21, 2022, and on February 22,
2024, and 12 articles were added to the final pool; hence, 38
papers were included in this scoping review (Figure 1). Of the
38 papers, 8 (21%) were randomized controlled trials (RCTS),
14 (37%) were quasi-experiments, 5 (13%) were pretest-posttest
studies, 6 (16%) were cross-sectional studies, 4 (11%) were
case series, and 1 (3%) was a cohort study (refer to Table 1 for
more information).
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Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram of the search and screening resullts.
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Table1l. Summary of residential settings, region, study design, intervention, samplesize, participant cognitive status, and participant agefor al included

studies.
Study, year Residential Region Study design  Intervention (if any) Samplesize Participant cognitive  Participant age (y)
settings status
Algaseet a Assisted liv-  North Cross-section- __a mP: 28,FS M MSEY score: mean  Mean83.7 (SD 6.48,
[24], 2010 ing units, America al study 4 74(SD 7.2 range 68-102)
nursing homes
Bankoleeta  Persona North Casereportor — M: 6, F: 6 All participantshad ~ Mean 79.67 (SD 7.5;
[25], 2020 homes America  series (the 12 par- dementia range 68-92)
ticipants
lived with
primary
caregivers)
Baricketad  Memory care  North Quasi-experi-  Four lighting conditions M: 35, F: 31 Cognitive statuswas ~ North Carolina,
[26], 2010 units, psychi-  America ment were presented during measured using the United States:
atric hospital multiple 3-week inter- MDS-COGS® and <65=6 (13%), 65-
vention periods: bright MMSE: the distribu- 79724 (52%), and
light in the morning (7- tion of cognitive im- =80=16 (35%); Ore-
11 Am), bright light in pairment severity gon, United States:
the evening (4-8 PM), among participants ~ <65=0 (0%), 65-
bright light all day (7 was as follows: 79=4 (20%), and
AM-8 PM), and stan- mild=3, moderate=18, =80=16 (80%)
dard lighting (ie, the severe=31, and very
baseline condition); svere=14
bright light was admin-
istered at 2000 to 3000
lux, while standard
lighting was adminis-
tered at 500 to 600 lux
Bautranteta  Nursing Europe Pretest- Skylike ceilingtilesin  M: 2, F: 17  Severe dementig; >65; mean 86.3 (SD
[27], 2019 homes posttest study part of the shared MMSE scoreswere  5.4)
premises, gradual de- <15 for al patients
crease of the illumi-
nanceat night, soothing
streaming music, rein-
forcement of theillumi-
nance during the day,
walls painted in light
beige, oversized clocks
in corridors, and night
team clothescolor (dark
blue) different from that
of the day team (sky
blue)
Bicket et a Assisted liv-  North Cross-section- — M: 80, F: Demented: 194, nonde- Demented: mean
[28], 2010 ing units America  a study 246 mented: 131 86.1(SD 8.1), nonde-
mented: mean 84.3
(SD 9.6)
Bromundt et Nursing Europe Quasi-experi- Thiswasal7-weektri- M:3,F 17 g MMmsE scorer Mean 85.6 (SD 5.8)
a [29],2019  homes ment (bal- al with abalanced mean 13.15 (SD
anced crossover, within- par- 10.30); SMMSE
crossover, ticipant study design; score at basdline:
within-partici- the intervention in- mean 14.35 (SD
pant study) volved exposureto indi- 10.51), SMMSE

vidually timed dawn-
dusk simulator over
participants' bedsfor 7-
8 weeks

score at the end of the

study: mean 11.95
(SD 11.56)
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Study, year Residential Region Study design  Intervention (if any) Samplesize Participant cognitive  Participant age (y)
settings status
Burnset al Nursing Europe Randomized  Full-spectrum bright M: 16, F: 32 MMSE score at base-  Standard light thera-
[30], 2009 homes controlledtrial  light therapy (10,000 line: 5.1 for thestan-  py group: mean 82.5
lux) for 2 hoursfrom 10 dard lighting therapy ~ (SD 1.5), bright light
AM to noon for 2 group and 6.9 for the  therapy group: mean
weeks; the control bright light therapy 84.5(SD 1.7)
group was administered group
standard fluorescent
tube light (100 lux) for
2 hoursfrom 10 AM to
noon for 2 weeks
Cohen-Mans-  Nursing North Quasi-experi- Presentation of 9 cate- M: 42, F: MMSE score: mean  Mean 86 (range 60-
fieldetd [31], homes America ment (indoor  gories of stimuli: live 151 7.2(SD 6.3; range 0- 101)
2010 environmental  human sociadl, real pet, 23)
quaity param- simulated social, self-
eterswerenot  identity, inanimate so-
manipulated) cial, music, manipula-
tive, reading, and task-
or work-related
Cohen-Mans-  Nursing North Quasi-experi- Presentation of 9 cate- M: 42, F: MMSE score: mean  Mean 86 (range 60-
fieldeta [32], homes America ment (indoor  gories of stimuli: live 151 7.2(SD 6.3; range 0- 101)
2011 environmental  human sociadl, real pet, 23)
quaity param- simulated social, self-
eterswerenot  identity, inanimate so-
manipulated) cial, music, manipula-
tive, reading and task-
or work-related
Cohen-Mans-  Nursing North Quasi-experi- Presentation of 9 cate- M: 42, F: MMSE score: mean  Mean 86 (range 60-
fieldeta [33], homes America ment (indoor  gories of stimuli: live 151 7.2(SD 6.3; range 0- 101)
2012 environmental  human sociadl, real pet, 23)
quaity param- simulated social, self-
eterswerenot  identity, inanimate so-
manipulated) cial, music, manipula-
tive, reading and task-
or work-related
Cohen-Mans-  Nursing North Cross-section- — M: 26, F: 43 cp<9 score: mean Mean 86.58 (SD
field [34], homes America  a study 4.19 7.93)
2020
Dowlingeta Nursing North Randomized  During either morning M: 13, F: 57 MMSE score: mean7 Mean 84 (SD 10;
[35], 2007 homes America  controlledtrial  (9:30-10:30 AM) or af- (SD 7; range 0-23) range 58-98)
ternoon (3:30-4:30
PM), bright light
(>2500 lux in gaze di-
rection) was adminis-
tered Monday through
Friday for 10 weeks;
Brite Lite IV (Apollo
Light Systems, Inc)
light boxes were used
when necessary to sup-
plement the ambient
light
Figueiroetal  Nursing North Pretest- Low-level bluish-white M:5,F: 9 BIMS" score: mean  Mean 86.9 (SD 4.4)
[36], 2014 homes America  posttest study  lighting designed to de- 7.7(SD 2.3)
liver high circadian

stimulation during the
daytime was installed
in 14 nursing homeres-
ident roomsfor 4 weeks
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Study, year Residential Region Study design  Intervention (if any) Samplesize Participant cognitive  Participant age (y)
settings status
Figueiroeta Assistedliv-  North Randomized  Crossover design clini- M: 16, F: 30 MMSE scorebetween Mean 85.1 (SD 7.1)
[37], 2019 ing units, America  controlledtrial cal trial administered an 4 and 24 or BIMS
long-term care all-day active or control score between 3 and
units lighting intervention for 12
two 4-week periods
(separated by a 4-week
washout); the active
lighting intervention
provided high circadian
stimulus, and the con-
trol intervention provid-
ed low circadian stimu-
lus that was below the
threshold for activation
of the circadian system
Figueiroeta Assistedliv-  North Pretest- Participants were ex- M: 20, F: 27 MMSE scores: Mean 85.3 (SD 7.1)
[38], 2020 ing units, America posttest study  posed to asingle day- F=mean 15.2 (SD 3.4)
long-term care time (from approximate- and M=mean 13.6
units ly 6 AM-8 AM to 6 (SD 2.9); BIMS
PM) tailored lighting scores; F=mean 4.0
intervention that provid- (SD 1.7) and M=mean
ed highlevelsof circadi- 5.6 (SD 2.9)
an-effective light; the
light-delivery method
(ie, custom-built floor
lamps, light boxes, and
light tables) was depen-
dent on whereindividu-
a participants spent
most of their day
Figueiroeta Assistedliv-  North Quasi-experi-  With a crossover, M:3,F: 11  Moderate to severe Mean 84.1 (SD 8.9)
IS oyere on 3aiteenlighing ADRD indicted by
units modes (light tables, aGDS scoreof 4.0t0
light trays, and ambient 6.0; the mean BCRS"
room lighting) were score was 4.83 (SD
used to deliver high 1.01), and the mean
levels of circadian GDS scorewas 4.89
stimulus to the partici- (Sb11)
pants' eyesfor two 8-
week intervention peri-
ods in a counter bal-
anced order with a 4-
week washout between
the study’s 2 conditions
(dim light control vs
active intervention)
Gare-Olmoet  Nursing Europe Cross-section- — M:37,F123 MMSE score: mean  Mean 82.6 (SD
al [40], 2012  homes al study 4.1(SD 6.3); Barthel  11.6)

Index score: mean
10.5(SD 19.3)
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Study, year Residential Region Study design  Intervention (if any) Samplesize Participant cognitive  Participant age (y)
settings status
Hickmaneta Memory care North Quasi-experi-  Ambient bright light M: 35 F: 31 Mildto moderatede- <65: M=5 (14.3%),
[41], 2007 units, special-  America ment therapy was delivered mentiaz M=12 F=1 (3.2%); 65-79:
ized older through a high-intensi- (34.3%), F=9 (29%); M=18 (51.4%),
adult center ty, low-glare lighting severe dementia F=10 (32.3%); =80:
systeminstalled in the M=15 (42.9%), F=16 M=12 (34.3%),
public areas that in- (51.6%); very severe  F=20 (64.5%)
volved 4 lighting condi- dementia M=8
tions: morning bright (22.9%), F=6 (19.4%)
light, evening bright
light, all-day bright
light, and standard
lighting. The bright
light conditions were
delivered at 2000 to
2500 lux, while the
standard lighting condi-
tion was delivered at
500 to 600 lux
Hjetlandetal  Nursing Europe Randomized A 24-week cluster-ran- M: 22, F: 47 MMSE score: mean  Mean 83.5(SD 7.1)
[42], 2021 homes controlledtrial  domized, placebo-con- 6.4 (SD 6.7)
trolled trial with anin-
tervention involving
ambient light adminis-
tered at 1000 vertical
lux and 6000 K from 10
AM to 3 PM, with
gradually increasing
and decreasing light
levels before and after
thisinterval, delivered
by Glamox AS
Jao et al [43], Assistedliv-  North Casereportor — M;9,F.29 MMSEscore mean Mean 82.7 (SD 6.3;
2015 ing units, America  series 12.9(SD 6.5;range2- range 68-94)
nursing homes 23)
Joosse [44], Nursing North Cross-section- — M: 11, F. 42 MMSE score: mean  Mean 86.53 (SD
2011 homes America  a study 6.83 (SD 6.67; range  9.32; range 61 to
0to 19); specifically, 103)
37 (70%) scored <13
(severedementia), and
16 (30%) scored 13to
20 (moderate demen-
tia)
Kimetal [45], Dementiaclin- Asia Quasi-experi-  The treatment group M:7,F. 18  MMSE-KC" treat- Treatment group:
2021 ic ment (14 participants) sat ap- ment group (M: 2, F; mean 77.36 (SD
proximately 60 cm 12)=mean 16.36 (SD  5-79), control group:
away from asmall 5.09), control group ~ Mean 78.55 (SD
(136x73x16 mm) light- (M: 2, F: 12)=mean 7.71)

emitting diode light box
for 1 hour each in the
morning for 2 weeks,
and the control group
(11 participants) wore
dark, blue-attenuating
sunglassesduring the 1-
hour exposures; the
morning light exposure
started 9to 10 hours af -
ter each individud’s
dimlight melatonin on-
set

16.90 (SD 4.91)
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Study, year Residential Region Study design  Intervention (if any) Samplesize Participant cognitive  Participant age (y)
settings status
Kolbergeta  Nursinghome Europe Randomized A 24-week cluster-ran- M: 22, F: 47 MMSE score: median  Median 85.0 (IQR
[46], 2021 dementiaunits controlledtrial  domized, placebo-con- 4.0 (IQR 1.0-9.2) 79.0-88.0)
trolled trial with anin-
tervention involving
ambient light adminis-
tered at 1000 lux and
6000 K from 10 AM to
3 PM, with gradually
increasing and decreas-
ing light levels before
and after thisinterval
Koniset a Dementiacare North Quasi-experi- Thedaylight exposure  M: 21, F: 56 Alzheimer disease: Mean 85.3 (SD 7.0)
[47], 2018 communities  America ment of participantswas in- daylight group=17
creased by taking them (37%) patients, con-
to the perimeter zone of trol group=8 (25.8%)
adaylit room from 8 patients; frontotempo-
AM to 10 AM for so- ral dementia: daylight
cialization over aperiod group=1 (2.2%) pa-
of 12 weeks; the tient, control group=1
perimeter zone was the (3.2%) patient; Lewy
region of the room body dementia: day-
within 3 m from the light group=0 (0%)
windows; it was admin- patients, control
istered every day group=1 (3.2%) pa-
throughout the study tient; vascular demen-
tia: daylight group=2
(4.3%) patients, con-
trol group=1 (3.2%)
patient; dementia not
otherwise specified:
daylight group=19
(41.3%) patients, con-
trol group=17 (54.8%)
patients; mild cogni-
tive impairment: day-
light group: 6 (13%)
patients, control
group=2 (6.5%) pa-
tients; not specified:
daylight group=1
(2.2%) patient, control
group=1 (3.2%) pa-
tient
Leeetad [48], Long-term North Cohort study — M: 6, F. 6 Early or middle stage Richmond Manor:
2016 care units America of ADRD mean 82.9 (SD 8.9),
(Richmond Maple Manor: mean
Manor and 77.6 (SD 9.8)
MapleManor)
Lineta [49], Dementiacare Asia Quasi-experi- Experimenta group M:23,F: 40 NRM Experimental group:
2018 centers ment participantsreceived 20 mean 81.57 (SD

minutes of white noise
consisting of ocean,
rain, wind, and running
water sounds between
4 PM and 5 PM daily
over aperiod of 4
weeks, with volume
maintained at 55-70 dB;
the comparison group
received routine care

10.52), comparison
group: mean 79.29
(SD 8.41)
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Study, year Residential Region Study design  Intervention (if any) Samplesize Participant cognitive  Participant age (y)
settings status
Liueta [50], Nursing Asia Quasi-experi-  Participantsintheexper- M:7,F: 28  Mild dementia: 10, 60-95
2021 homes, com- ment imental group were ex- moderate dementia:
munities posed to ambient light 16, severe dementia:
at 2500 lux for at least 9
60 minutes per day
from9 AM to 10 AM,
Monday through Fri-
day, over 8 weeks
Liuetal [51], Nursing Asia Quasi-experi- Participantsintheexper- M:7,F: 28  Mild dementia: 10, 60-95 experimental
2022 homes ment imental group were ex- moderate dementiaz  group: mean 83.9
posed to ambient light 16, severedementia  (SD 7.1), compari-
at 2500 lux for at least 9 SON group: mean
60 minutes per day 80.2(SD 7.2)
from9 AM to 10 AM,
Monday through Fri-
day, over 8 weeks
McCurry etal  Persona North Randomized  Intervention 1: partici- M: 59, F: 73 MMSE scores: walk-  Walking group:
[52], 2011 homes America  controlledtrial  pants attempted to ing group=mean 19.2 mean 82.2 (SD 8.5),
reach the goal of walk- (SD 7.7); light light group: mean
ing for 30 minutes con- group=mean 17.9(SD 80.6 years (SD 7.3),
tinuously per day; inter- 7.0), NITE-AD NITE-AD group:
vention 2: participants group=mean 19.1(SD mean 80.0 (SD 8.2),
sat in front of alight 5.8), control control group: mean
box (SunRay; The Sun- group=mean 18.7(SD 81.2 (SD 8.0)
Box Company) for 1 6.9)
hour per day, timed to
be within 2-hour win-
dow before the partici-
pants’ habitual bedtime;
intervention 3: combina
tion treatment compris-
ing walking, light expo-
sure, and guided sleep
education (NITE-AD")
Olsen et al Personal Europe Cross-section- — M: 67, F: Nursing home resi- Nursing home resi-
[53], 2016 homes, nurs- a study 126 dents(Clinical Demen-  dents: mean 84.6
ing homes tiaRating Scale): mild  years (SD 6.50),
dementia=9%, moder-  home-dwelling peo-
ate dementia=43.6%, ple with dementia:
severe demen- mean 82.6 (SD 6.84)
tia=47.4%; home-
dwelling people with
dementia (Clinica
Dementia Rating
Scale): mild demen-
tia=43.5%, moderate
dementia=47%, se-
vere dementia=5.2%
Onegaet a Long-term North Randomized  Individuaswereseated M: 17, F: 43 MMSE scoresranged Mean 82.6 (SD 9.6)
[54], 2016 care units America  controlledtrial  approximately 27 inch- from 0 to 22; partici-

es away from abright
light that delivered
10,000 lux of light
(treatment arm) or a
low-level light that de-
livered 250 lux of light
(control) for 30 minutes
twiceaday 5timesa
week for 8 weeks

pants were classified
into 3 categories
based on the MM SE
scores: 7 (11.7%) had
mild dementia, 11
(18.3%) had moderate
dementia, 42 (70%)
had severe dementia
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Study, year Residential Region Study design  Intervention (if any) Samplesize Participant cognitive  Participant age (y)
settings status
Riemersma-  Groupcarefa- Europe Randomized  Randomassignmentby M: 19, F: Treatment group, Mean 85.8 (SD 5.5)
vander Lek et cilities controlledtrial  facility to long-term 170 placebo: MM SE
a [55], 2008 daily treatment with score=mean 14.3 (SD
whole-day bright (ap- 7.0); treatment group,
proximately 1000 lux) light: MM SE
or dim (approximately score=mean 14.5 (SD
300 lux) light and by 6.2); treatment group,
participant to evening melatonin: MM SE
melatonin (2.5 mg) or score=mean 15.3 (SD
placebo for amean of 5.3); treatment group,
15 (SD 12) months light+melatonin:
(maximum period of MM SE score=mean
3.5years) 14.7 (SD 6.8)
Saidaneeta  Nursing Europe Pretest- Naturdisticlight syss 5 NR NR
[56], 2023 homes posttest study temsthat replicated the
spectrum distribution of
natural light from dusk
to dawn
Sloane et a Long-term North Quasi-experi- Thestudy usedacluss M: 35, F: 31 Mildtomoderatecog- Mean 79
[57], 2007 care units America ment ter-unit crossover exper- nitive impairment: 21
imental design to evalu- (31.8%), severe cogni-
ate 4 ambient lighting tive impairment: 31
conditions; morning (7- (47%), very severe
11)=high-intensity cognitiveimpairment:
light, evening (4- 14 (21.2%)
8)=high-intensity light,
al day (7 AM-8
PM)=high-intensity
light, and industry mini-
mum standard lighting
SonandKwag Center for de- Asia Quasi-experi-  In the experimental M:16,F: 16 NR Range 71-80; experi-
[58], 2020 mentia ment group, awalking pro- mental group: mean
gram with white noise 75.06 (2.82), control
was applied 3timesa group: mean 75.31
week for 4 weeks; (SD 3.07)
white noise was provid-
ed by awhite noise
generator, with volume
maintained at 40 to 50
dB; in the control
group, only thewalking
program was applied
Tartarini etal  Nursing Oceania Casereportor — M:14,F. 7 Psychogeriatric As-  Range 61-92
[59], 2017 homes series sessment Scale scores
of 210
Wahnschaffe  Nursing Europe Pretest- From midwinteron,a M:5,F. 7 MMSE score: mean  Mean 79.1 (SD 11)
et al [60], homes posttest study  ceiling-mounted dynam- 12.1(SD 9.2)
2017 ic lighting system was

installed inthe common
room of anursing home
and programmed to
produce high illumi-
nance with higher blue
light proportions during
the day and lower illu-
minance without blue
light in the evening
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Study, year Residential Region Study design  Intervention (if any) Samplesize Participant cognitive  Participant age (y)
settings status
Wahnschaffe  Nursing Europe Casereportor — M:1,F19 cD-10° criteria: Mean 83.8 years
eta [6]], homes series Alzheimer disease=9, (SD 8.8)
2017 vascular dementia=2,
frontotemporal demen-
tia=1, Korsakoff syn-
drome=1, and demen-
tia subtypes (which
were not further speci-
fied)=7
3Not applicable.
bM: male.
°F: female.

IMMSE: Mini-Mental State Examination.

MDS-COGS: Minimum Data Set Cognition Scale.

'S MMSE: Standardized Mini-Mental State Examination.
9CPS: Cognitive Performance Scale.

PBIMS: Brief Interview for Mental Status.

IADRD: Alzheimer disease and related dementias.

IGDS: Global Deterioration Scale.

KBCRS: Brief Cognitive Rating Scale.

IMMSE-K C: Korean version of the MMSE devel oped as part of the Korean version of the Consortium to Establish a Registry for Alzheimer’s Disease

assessment packet.

"NR: not reported.

"NITE-AD: Nighttime Insomnia Treatment and Education in Alzheimer’s Disease.
%CD-10: International Classification of Diseases, Tenth Revision.

The following sections synthesize the findings of the included
studies, categorized by theindoor environmental quality factor
or factors examined (Table 2).
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Table 2. Summary of environmental conditions and behavioral and psychological symptoms of dementia (BPSD) outcomes examined, the subjective
and objective methods of assessment, and the main results for al included studies.

Study, year Environmen- Subjective  Objectiveindoor ~ Behaviora or psy- Subjective  Objective Main results
tal condition indoor envi-  environmental chological out- BPSDasesss BPSD asess-
or conditions  ronmental quality parameter  comes ment (if any) ment (if any)
measured or  quality pa-  assessment (if any)
manipulated rameter as-
sessment (if
any)
Algaseet  Lightlevel, Ambience  Gossen Color-Pro  Wandering Observations __a Brighter light, more variation in
a [24], noiselevel, scae press  3F light meter from video- sound levels, and ahigher engag-
2010 temperature, enceor ab-  (Gossen Color-Pro tapes ing quality of the environment
humidity, en- senceof peo- 3F light meter, Bo- were associated with wandering,
vironmental plewithin8  gen Photo Corp), and a higher soothing quality of
ambience, feet of the Quest Technolo- the environment was associated
crowding participant ~ gies Sound Level with periodswhen wandering did
Meter Model 2400, not occur
and RadioShack
Thermometer with
Indoor Humidity
Gauge 63-1013
Bankoleet Lightlevel, — Off-the-shelf sen-  Agitation, depres- Np|_Qb’ Shimmer3  Temperature, atmospheric pres-
a [25], noise level, sors sion, sleep, quality CMAJ-CS sensor for sure, and time showed strong
2020 temperature, of life, overall lev- 4 peoplewith  correlationswith agitation, which
humidity, at- el of BPSD PSQI dementia was self-reported by the primary
mospheric and Pebble  caregivers
pressure sensor for
caregiversin
phase 1; Peb-
ble for both
people with
dementia
and care-
giversin
phase 2
Barricket  Lightlevel —— — Agitation CMAI® ob- — No therapeutic conditionsim-
a [26], servationa proved agitation in comparison
2010 agitation us- to standard lighting
ing the pres-
ence or ab-
sence of 8
agitated be-
haviors
Bautrant et Light level, — — Agitation, wander- Numberand — BPSD prevalence reduced after
a [27], skylike ceil- ing, screaming, duration of plain environmental rearrange-
2019 ingtiles, episodes of BPSD  disruptive mentsaimed at improving spatia
soothing BPSD and temporal orientation were
streaming episodes put in place
music, walls weresystem-
painted in atically col-
light beige, lected
oversized
clocksin
corridors
Bicketetal Lightlevel TESS- — Quality of life, N — TheAssisted Living Environmen-
[28], 2010 NH/RC overal level of tal Quality Score was positively
BPSD, fall risk associated with the Alzheimer's

Disease-Related Quality of Life
score (P=.01), whileit was
strongly negatively associated
with NPI total score (P<.001)
and negatively correlated with
fall risk (P=.04)
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Study, year Environmen- Subjective  Objectiveindoor ~ Behaviora or psy- Subjective  Objective Main results
tal condition indoor envi-  environmental chological out- BPSDaseesss BPSD assess
or conditions  ronmental quality parameter ~ comes ment (if any) ment (if any)
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manipulated rameter as-
sessment (if
any)
Bromundt Lightlevel —— — Agitation, mood, CMAI, Wrigactime- Dawn-dusk simulator exposure
eta [29], circadianrhythm  \agh try (Motion- led to significantly better mood
2019 (rest-activity pat- Watch 8; in the morning hours (P=.002),
tern), activities of CamNtech)  whileit did not significantly in-
daily living, quali- fluence circadian parametersand
ty of life, alertness, sleep parameters (P>.05)
verbal interaction,
well-being, cheer-
fulness, memory,
disturbing behavior
Burnsetal Lightlevel —— — Agitation, depress CMAI, CS-  Actiwatch Results suggested that the bright
[30], 2009 sion, seep DDi, (supplied by light intervention had alimited
. CamNtech) effect in reducing agitation, but
MOUSEZAU’ it improved sleep in older adults
CRBRS, with dementia
sleep charts
Cohen- Lightlevel, Environment — Engagement Observation- — Attention and engagement were
Mansfield noiselevel,  portion of a measure- the best when light level was
etal [31] numberof  Agm| ment of en- moderate; engagement was the
2010 personsin gagement best when there was a moderate
proximity level of noise; attention to the
engagement stimuluswas signif-
icantly higher when there were
410 9 peoplein proximity in
comparison to more or fewer
people (P<.01)
Cohen- Light level,  Environment — Agitation ABMI, — Lighting and background noise
Mansfield noiselevel, portion of CMAI did not affect agitation signifi-
etal [32], numberof  ABMI cantly, which may beduetolittle
2011 personsin variation in these variables and
proximity their reliance on subjective per-
ception scales
Cohen- Light level,  Environment — Pleasure Lawton — Pleasurewas most likely to occur
Mansfield noiselevel, portion of Modified in environments with moderate
etd [33], number of ABMI Behavior noise levels
2012 personsin Stream
proximity
Cohen- Lightlevel, Reportedby — Mood, engage- GOME' — Background noise and time of
Mansfield noiselevel, therapeutic ment, sleepiness day significantly affected out-
[34],2020 temperature, recreation come variables after controlling
location, staff for participants’ cognitive func-
time of day, tioning and group topic; back-
total group ground noise was related with
size decreased engagement and in-
creased sleepiness; therewaslit-
tle variation concerning tempera-
ture and light
Dowlinget Lightlevel —— Cal LIGHT 400 Agitation, depres-  \pj-NH" — Bright light therapy was found
al [35], calibrated preci- sion, overall level not to clinically affect neuropsy-
2007 sionlight meter for of BPSD, appetite chiatric behaviors

monitoring light
levelsin gazedirec-
tionfor each partic-
ipant

or egting disorders,
aberrant motor be-
havior, dysphoria
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manipulated rameter as-
sessment (if
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Figueiroet Lightlevel —— Daysimeter worn  Agitation, depress CMAI, CS- Daysimeter 300 to 400 lux of a bluish-white
al [36], onthewristtoesti- sion, circadian DD, PSQI light significantly improved dleep
2014 mate light expo- rhythm (rest-activi- efficiency, total sleep time, and
sureof each partic-  ty pattern), activi- global PSQI scores (P<.05) and
ipant tiesof daily living, decreased depression (CSDD)
sleep and agitation (CMAI) scores
(P<.05)
Figueiroet Lightlevel —— Daysimeter asa Agitation, depress CMAI, CS-  Actiwatch2 The experimenta group had sig-
a [37], pendanttoestimate  sion, circadian DD, PSQI (Philips nificantly improved PSQI scores
2019 light exposure of  rhythm (rest-activi- Respironics) compared to the control group
each participant ty pattern), sleep, (P<.001); regarding secondary
quality of life outcomes, the experimental
group had significantly greater
improvements in depression and
agitation compared to the control
group (P<.05)
Figueiroet Lightlevel —— Daysimeter asa Agitation, depress CMAI, CS-  Actiwatch2  Long-term daily light exposure
a [38], pendantto estimate sion, mood, Sleep DD, PSQI (Philips showed a positive correlation
2020 light exposure of Respironics)  with reduced PSQI scores with
each participant increasing efficacy as the study
went on; there were significant
improvements in depression
starting at around week 3; agita-
tion aso improved around week
9
Figueiroet Lightlevel — — Depression, circadi- CSDD, Actiwatch 2 Under the active condition, both
a [39], an rhythm (rest-ac- PSQI, SDI° (Philips objective and subjective sleep
2023 tivity pattern), Respironics) improved significantly (P=.02)
seep
Garre-Ol-  Lightlevel, — DT-8820 environ-  Affect, mood, pain, qQuALIDP, — High temperaturein the bedroom
mo et a noise level, ment meter (Shen- quality of life NPI-NH, was associated with lower quality
[40], 2012 temperature zhen Everbest Ma- PAIN-ADY of life, high noise levelsin the
chinery Industry living room were associated with
Co Ltd) in each low social interactions, and low
participant’s bed- lighting levels in the bedroom
room and in the were associated with more severe
dining room and negative affective mood
living room of
each nursing home
Hickmanet Lightlevel —— — Depression CSDD — The treatment had different ef-
a [41], fects on men and women; study
2007 results did not support the use of
ambient bright light therapy asa
treatment for depressive symp-
tomsin persons with dementia;
however, a subpopulation of
persons with dementiamay ben-
efit from thisintervention
Hjetlandet Lightlevel —— — Mood, circadian NPI-NH Actiwatch2 There was discrepancy in the
a [42], rhythm (rest-activi- (Philips subjective and objective sleep
2021 ty pattern), activi- Respironics) measures; actigraphically mea-

ties of daily living,

sured sleep outcomes showed no

cognition, sleep, statistically significant differ-
overall level of ences between patientsin thein-
BPSD tervention and control groups,

however, better sleep wasreport-
ed using the SDI in theinterven-
tion group
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Joo et a Lightlevel, peaR-Envi- Gossen Color-Pro  Apathy PEAR-Apa — Among the 6 characteristics of
[43],2015 noiselevel, onmentsub- 3Flight meter (Bo- thy subscale environmental stimulation, stim-
environmen- e gen Photo Corp) ulation clarity and stimulation
tal ambi- and the Quest strength were the only 2 signifi-
ence, crowd- Technologies cant factors affecting apathy
ing, staff fa- Sound Level Meter scores; ambience, crowding, staff
miliarity, en- familiarity, light, and sounds did
vironmental not show significant effects on
stimulation apathy
Joosse Noiselevel, — SoundPro DL 2 Agitation Wisconsin  — After controlling for potential
[44],2011 number of (Quest Technolo- Agitation In- confounding variables of mental
personsin gies) sound level ventory status, hearing impairment, and
proximity, meter visual impairment, sound was
spatial envi- found to contribute to agitation
ronment
Kimeta Lightlevel —— — Depression, sleep, kNP Q5 Actiwatch2  The study findings suggest that
[45], 2021 overal level of csDD-K! (Philips morning blue-enriched light
BPSD PSQ, V. A,S- Respironics) therapy has a benefit in improv-
’ ing sleep and cognitive function
GVY, VAS- in patients with Alzheimer dis-
GAY ease
Kolberget Lightlevel —— — Agitation, affect, CSDD,NPI- — Compared to the control group,
a [46], anxiety, delusion, NH the intervention group had a
2021 depression, halluci- larger reduction on the composite
nation, mood, circa- scores of both the CSDD and the
dian rhythm (rest- NPI-NH, aswell as on the NPI-
activity pattern), NH Affect subsyndrome and the
sleep, overal level CSDD mood-related signs sub-
of BPSD scale at follow-up after 16 weeks
Koniseta Lightlevel — Digital charge- Depression, overall CSDD,NPI- — Participantsin the daylight inter-
[47], 2018 coupled device level of BPSD NH vention experienced an average
spectrometer decrease over thetrial inthe NPI-
NH and CSDD scores, whilethe
control participants showed aver-
age but nonsignificant increases
in both NPI-NH and CSDD
scores; difference in outcome
changes of theintervention group
achieved statistical significance
for the CSDD but not for the
NPI-NH
Lecetal Number of  TEsgNHW — Mood, social en-  \josES* — Residentswho stayed in the tradi-
[48],2016 personsin gagement tional, large-scale unit showed
proximity, significantly worse declineinir-
spatial envi- ritable behaviors compared to
ronment, so- those who stayed in the small-
cia environ- scae, home-like unit acrosstime;
ment, crowd- the small-scale, home-like unit
ing, light had significantly better ratingsin
level stimulation (lighting, visual and

tactile stimulation, and noise) as
well as persondization according
to the TESS-NH
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Study, year Environmen-
tal condition
or conditions
measured or
manipul ated

Subjective
indoor envi-
ronmental
quality pa-
rameter as-
sessment (if
any)

Objective indoor
environmental
quality parameter
assessment (if any)

Behavioral or psy-
chological out-
comes

Subjective
BPSD ass=ss-
ment (if any)

Objective
BPSD asess
ment (if any)

Main results

Lineta Noise level
[49], 2018

Liveta Light level
[50], 2021

Liveta Light level
[51], 2022

McCurry et Light level
al [52],
2011

Olseneta Lightlevel
[53], 2016

TES-1350A sound
level meter

ActiSleep+ (Acti-
Graph)

Agitation

Overdll leve of
BPSD

Circadian rhythm
(rest-activity pat-
tern), sleep

Sleep

Sleep, quality of
life, social contact,
activity

CMAI

NPI

Sleep charts

Accelerome-
ter (XA-5)

Accelerome-
ter (XA-5)

Micro Mini
Motionlog-
ger actigraph
(Ambulatory
Monitoring,
Inc)

ActiSleep+
(ActiGraph)

The research results showed that
agitated behaviors decreased
significantly in the experimental
group; in the comparison group,
agitated behaviors decreased in-
significantly

The NPI scores, which were de-
rived using generalized estimat-
ing equation with medication
(benzodiazepines) asacoveriate,
were significantly reduced by the
fifth and ninth weeks; alower
NPI scoreindicates less severe
BPSD

The experimental group showed
significantly improved sleep effi-
ciency, sleep duration, and
awakening time from baselineto
the fifth and ninth week, which
was higher than theimprovement
in the comparison group; the
number of nighttime awakenings
decreased in the experimental
and comparison groups, for circa
dian rhythm, the experimental
group showed significant im-
provement in sleep onset and
sleep offset, which were higher
than the improvementsin the
comparison group

This study found that exposure
to light or increase in walking
can have a benefit regarding
nighttime sleep; this type of
treatment is implementable by
caregivers to increase the well-
being of thosein long-term care
facilities; patients who adhered
to treatment best saw the best re-
sults

People living with dementiain
nursing homes had lower quality
of life in comparison to those at
home, while nursing homeswere
associated with lower light level;
however, in aregression model,
residency was the only signifi-
cant predictor for predicting
quality of lifein people with
moderate dementia after control-
ling for confounders, including
exposure to light level
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Onegaetal Lightlevel — — Agitation, depress CMAI, — Those who were exposed to
[54], 2016 sion PAY, bright light over a2-week period
z showed a significant improve-
ggRS . CS ment in terms of the levels of
’ depression and agitation com-
DSAOA®, pared to those who experienced
DMAS-17%® the placebo bright light exposure
Riemerss  Lightlevel —— — Agitation, affect, NP, Actiwatch Light was shown to help reduce
ma-van der depression, mood, MOSES,CS- (supplied by depressive symptomsamong the
Lek etal MOSES, overal DD, PG- CamNtech) participants by 1.5 points on the
[55], 2008 level of BPSD, CARS®, CSDD; light in combination with
standardized scales PGCM X melatonin attenuated aggressive
for cognitive and CMAI ’ behaviors by 3.9 points on the
noncognitive CMAI and increased sleep effi-
symptoms, limita- ciency by 3.5%
tions of activities
of daily living, and
adverse effects as-
sessed every 6
months
Saidaneet Lightlevel — — Agitation CMAI-in- — Overall, the frequency of agita-
a [56], spired score tion-associated behaviors was
2023 reduced by 71.2% after theinter-
vention
Sloaneeta Lightlevel, — — Circadian rhythm  Sleep charts — Those exposed to morning and
[57], 2007 socia envi- (rest-activity pat- dl-day light showed asignificant
ronment tern), sleep increasein nighttime sleep dura-
tion; circadian rhythm showed
significant acrophase shifting;
effects on daytime sleepiness
were inconsistent
Son and Noiselevel, — — Anxiety, fear of State-Trait — White noise during walking was
Kwag[58], distracted falling, walking Anxiety In- shown to positively decrease the
2020 environment time ventory—Ko- state anxiety and fear of falling
rean Version in walking among older adults
with mild dementia
Tartarini et Temperature — iButton datalog-  Agitation CMAI — The CMAI scores increased
a [59], gers (Maxim Inte- when residents were exposed to
2017 grated) relatively cold or warm indoor
temperatures at a statistically
significant level; thelevel of agi-
tation was al so significantly cor-
related to the duration of thein-
creased or decreased temperature
Wahn- Lightlevel — Spectroradiometer  Agitation, circadi- CMAI Actiwatch The comparison of CMAI sum-
schaffe et (Specbos 1201; an rhythm (rest-ac- (supplied by  scores between assessments be-
a [60], JETI GmbH) tivity pattern) CamNtech) fore and during the intervention
2017 yielded significant differences

with decreased agitated behavior
after installation of the dynamic
lighting system (P<.05) but not

for rest-activity patterns
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Study, year Environmen- Subjective  Objectiveindoor ~ Behaviora or psy- Subjective  Objective Main results
tal condition indoor envi-  environmental chological out- BPSD as=sss BPSD as=ss
or conditions ronmental quality parameter  comes ment (if any) ment (if any)
measured or  quaity pa=  assessment (if any)
manipulated rameter as-
sessment (if
any)
Wahn- Lightlevel, — Local weather data Circadian rhythm  — Actiwatch Nocturnal rest, which was prox-
scheffeet  social envi- (rest-activity pat- (supplied by ied by average activity level dur-
a [6]], ronment tern) CamNtech) ing fiveleast active hours, was
2017 significantly predicted by cloud
amount and day length in the
highest number of participants
(11 out of 20) among all exam-
ined rest-activity-related vari-
ables, which included interdaily
stability, intradaily variability,
and relative amplitude
3Not applicable.

BN PI-Q: Neuropsychiatric Inventory Questionnaire.

YCMAI-C: Cohen-Mansfield Agitation Inventory—Community form.
dPSQI: Pittsburgh Sleep Quality Index.

€CMAI: Cohen-Mansfield Agitation Inventory.

FTESS-NH/RC: Therapeutic Environment Screening Survey for Nursing Homes and Residential Care.

INPI: Neuropsychiatric Inventory.
PVAS: visual analog scale.
'CSDD: Cornell Scale for Depression in Dementia.

IMOUSEPAD: Manchester and Oxford Universities Scale for the Psychopathological Assessment of Dementia.

KCRBRS: Crichton Royal Behavior Rating Scale.

'ABMI: Agitation Behavior Mapping I nstrument.

MGOME: Group Observational Measurement of Engagement.

"NPI-NH: Neuropsychiatric Inventory—Nursing Home version.

93D Sleep Disorders Inventory.

PQUALID: Quality of Lifein Late-Stage Dementia

9PAIN-AD: Pain Assessment in Advanced Dementia.

'PEAR: Person-Environment Apathy Rating.

SKNPI-Q" Korean version of the Neuropsychiatric Inventory Questionnaire.
'cSDD-K: Korean version of the Cornell Scale for Depression in Dementia.
"WAS-GV: visual analog scale-global vigor.

YWAS-GA: visual analog scale-global affect.

WTESS-NH: Therapeutic Environment Screening Survey for Nursing Homes.

*MOSES: Multidimensional Observational Scale for Elderly Subjects.
YPAS: Pittsburgh Agitation Scale.

ZBARS: Behavioral Activity Rating Scale.

@BDHSAOA: Depressive Symptom Assessment for Older Adults.
®PMAS-17: Dementia Mood Assessment Scale, 17 items.
&PGCARS: Philadelphia Geriatric Center Affect Rating Scale.
apGCMS: Philadel phia Geriatric Center Morale Scale.

Light
Overview

Of the 38 included papers, 34 (89%) examined light as afactor
associated with BPSD. Of these 34 studies, 20 (59%) were
conducted in North America [24-26,28,31-39,41,43,
47,48,52,54,57], 3 (9%) in Asia [45,50,51], and 11 (32%) in
Europe [27,29,30,40,42,46,53,55,56,60,61]. Of the 34 studies,
31 (91%) were conducted in long-term care settings, 2 (6%)

https://www.i-jmr.org/2024/1/e56452

RenderX

were conducted in the participants’ persona residence [25,52],
and 1 (3%) was conducted in both the personal residence and
thelong-term care setting [53]. The median sample size was 63
(IQR 20-122; range 5-326) participants, and the participants
average age ranged from 73 to 87 years. Light was measured
using a variety of light meters or subjective perception scales
such as the Therapeutic Environment Screening Survey for
Nursing Homes [62] and the environment portion of the
Agitation Behavior Mapping Instrument (ABMI) [63].
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Agitation

Of the 34 studies, 16 (47%) examined the effect of light on
agitation either as a syndrome or related to individual agitated
behaviors  such as  wandering or screaming
[24-27,29,30,32,35-38,46,54-56,60]. Of these 16 studies, 14
(88%) examined the effect of changing light exposurein RCTs
(n=6, 43%) [30,35,37,46,54,55] or quasi-experimental study
designs (n=8, 57%) [26,27,29,32,36,38,56,60], while 2 (12%)
examined the effect of light on agitated behaviorsin a purely
observational or natural history study [24,25]. Among the light
therapies studied were bright light therapy [30,35,46,54,55] and
outdoor environment simulations, such as dawn-dusk simulation
[29,56]. A widerange of light intensitieswas deployed in these
light therapies, ranging from 1000 lux [36] to 10,000 lux [54].
The duration and time of day of application of these light
therapies were heterogeneous aswell; for example, in the study
by Onegaet a [54], bright light therapies were applied twice a
day (once in the morning and once in the afternoon), while in
the study by Kolberg et al [46], light therapy was applied from
10 AM to 3 PM with varying light levels before and after this
interval. Due to the heterogeneity of the light therapies and
study designs, direct comparison across the studies was
infeasible. Among these 16 studies, in addition to the multiple
approaches to applying light therapy, there was aso
heterogeneity in the way agitation was assessed. The
Cohen-Mansfield Agitation Inventory [64], which measuresthe
frequencies of 29 different agitated behaviors, was the scale
used most commonly to assess the level of agitation in people
living with dementia across weeks. Other scales used included
the Pittsburgh Agitation Scale[65] and the ABMI [63], both of
which are based on direct observations of the patient.

The 6 RCTSs, which ranged in study duration from 8 weeks to
15 months, used bright light [30,35,37,46,54,55]. However, the
results from the RCTs were conflicting. The symptoms of
agitation or restlessnesswere reducedin 3 (50%) of the6 RCTs
[37,54,55] but not in the remaining 3 (50%) [30,35,46]. The
lack of improvement in agitation after bright light exposurein
these studies [30,35,46] could be due to measurement errorsin
the subjective assessment of either light level or level of
agitation or because of changesin medicationsnot being tracked,
as suggested by the authors.

The additional 10 light studies included 8 (80%)
quasi-experimental studies [26,27,29,32,36,38,56,60] and 2
(20%) observationa studies[24,25]. Of the 8 quasi-experimenta
studies, 5 (62%) reported that light therapy could reduce agitated
behaviors [27,36,38,56,60], while 3 (38%) showed no effect
[26,29,32]. Of these 3 studies, 1 (33%) did not yield significant
results in part due to alack of variation in light level [32]. Of
the 2 observational studies, 1 (50%) showed that brighter light
was associated with wandering [24].

The study by Figueiro et al [38] showed that the effects of light
therapy on patients agitation varied depending on the
participants’ cognitive status. The study, which examined the
effect of long-term, all-day exposureto circadian-effective light
on the deep, mood, and behavior in persons with dementia,
revealed that the lighting intervention was more effective for

https://www.i-jmr.org/2024/1/e56452
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people with severe dementia than for those with mild or
moderate dementia in reducing agitation [38].

Disturbed Sleep and Circadian Rhythm

Of the 17 studies examining the relationship between light and
deep or circadian rhythm [25,29,30,34,36-39,42,45,46,
51-53,57,60,61], 5 (29%) were RCTs[30,37,42,46,52], 5 (29%)
were quasi-experimental studies[29,39,45,51,57], 3 (18%) were
pretest-posttest studies[36,38,60], 2 (12%) were cross-sectional
studies [34,53], and 2 (12%) were case series studies [25,61].
All studies that administered light therapy led to better sleep
outcomes such as higher sleep efficiency [36], longer nighttime
sleep duration [57], fewer awakenings [51], higher circadian
rhythm stability [51], or lower Pittsburgh Sleep Quality Index
scores indicating better leep quality [37].

There can be discrepancies between self-reported sleep quality
and objectively measured sleep quality. In the study by Hjetland
et al [42], ambient bright light treatment was administered to
nursing home patients with dementia in a placebo-controlled
RCT. Whilebetter sleep was reported using the Sleep Disorders
Inventory in the bright light therapy group than in the standard
lighting group at weeks 16 and 20, actigraphically measured
sleep outcomes showed no statistically significant differences
between the 2 groups.

Mood-Related Symptoms

Of the 13 studies involving lighting that addressed the
relationship between symptoms of depression in people living
with  dementia and light in the environment
[25,30,35-39,41,45-47,54,55], 6 (46%) were RCTs
[30,35,37,46,54,55], 4 (31%) were quasi-experimenta studies
[39,41,45,47], 2 (15%) were pretest-posttest studies [36,38],
and 1 (8%) was a case series [25]. A decrease in depressive
symptoms was reported in 9 (75%) of the 12 lighting
intervention studies[30,36-39,46,47,54,55]; for example, inthe
RCT described in the study by Onegaet al [54], thosewho were
exposed to bright light over a 2-week period showed a
significant improvement in depressive symptoms (P values
ranging from .001 to .017 for DSAOA, DMAS-17, and
Cohen-Mansfield Agitation Inventory [CSDD]) while those in
the placebo control group showed no improvements in their
depressive symptoms. In the quasi-experimental study by Konis
et a [47], the participantsin adaylight intervention experienced
adecrease over the trial in the Cornell Scale for Depression in
Dementia (CSDD) score, whilethe control participants showed
a dtatistically nonsignificant increase in the CSDD score (a
higher CSDD score indicates more severe depression). In a
pretest-posttest experimental study by Figueiro et al [36], 300
to 400 lux of a blueish-white light was found to significantly
decrease depressive symptoms as measured by the CSDD. Some
of the studies (2/12, 17%) reported that the efficacy of alighting
intervention is dependent on participants’ characteristics. Inthe
study by Hickman et a [41], anadysis indicated a
sex-by-treatment interaction. Significant sex differences were
found in CSDD scoresin responseto evening light, all-day light,
and standard lighting. Male participants experienced
significantly more depressive symptoms under morning light
than under standard lighting (P=.007). By contrast, female
participants experienced fewer depressive symptoms under
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morning light than under standard lighting, although this result
was not statistically significant (P=.09).

Similarly, the study by Bromundt et al [29], in which a visual
analog scale was used to assess mood, indicated that the
improvement in mood from dawn-dusk simulation was
dependent on age. In the study, the younger subgroup
experienced a stronger positive effect from dawn-dusk
simulation on mood [29].

The study by Jao et al [43] examined the effect of light on
apathy. The study, which was a case series of peopleliving with
dementia in nursing home or assisted living settings, assessed
apathy by rating 14 separate 20-minute videos on different days
per participant using the Person-Environment Apathy
Rating-Apathy subscale [66]. Ambient light (and sound)
measurements were collected during the 20-minute video
sessions. Light level wasfound to have had no significant effect
on apathy.

The RCT conducted by Kolberg et a [46] in nursing home
dementia units with 69 participants examined the effect of light
on anxiety and found that the group that received bright light
treatment as the intervention had a larger reduction on the
composite score of the Neuropsychiatric Inventory—Nursing
Home version Affect subsyndrome, which indicated better
improvement in depression and anxiety at follow-up after 16
weeks compared to the control group.

Noise
Overview

Of the 11 studies that examined the relationship between noise
and dementia-related behaviors, 5 (45%) were experimental
studies [31-33,49,58], 5 (45%) were cross-sectional
observational studies [24,25,34,40,44], and 1 (9%) was a case
study report [43]. Of these 11 studies, 8 (73%) were conducted
in North America[24,25,31-34,43,44], 2 (18%) in Asia[49,58],
and 1 (9%) in Europe [40]. Of the 11 studies, 10 (91%) were
conducted in long-term care settings, and 1 (9%) was conducted
in participants’ private home environments [25]. The median
sample size was 69 (IQR 38-193; range 10-193) participants,
and the participants’ average age ranged from 75 to 86 years.
Noise was measured using objective sound level metersin 10
(91%) of the 11 studies, while 1 (9%) study [32] used the
environment portion of the ABMI [67].

Agitation and Wandering

Of the 5 observational studies, 2 (40%) examined the
relationship between noise and agitation among participants
with dementia[25,44], and 1 (20%) of the 5 experimental studies
aimed to decrease agitation using a white noise intervention
[49]. Noise level did not distinguish between episodes of
agitationin 1 (50%) [25] of the 2 observationa studies, although
the study was limited by sample size (10 participants) [25]. In
addition, the study by Bankole et a [25] was the only study to
examine environmental conditions in the private home setting,
which may be distinct from long-term care settings in terms of
the effects of noise on agitation. The observational study by
Joosse [44], which had 53 participants and used a sound level
meter to measure noiselevels, found that ahigher accumulation
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of exposure to noise over a day was significantly predictive of
agitated behavior inresidentswith dementiain along-term care
facility [44]. The study by Cohen-Mansfield et a [32] did not
find an association between noise and agitation in residentsin
nursing homes. However, the study was limited by a lack of
objective measurement of sound. Finally, in the study by Lin
et a [49], an intervention providing daily ambient white noise
(55-70dB) for 20 minutesin the afternoon over a4-week period
significantly decreased the frequency of agitated behavior for
participants in the experimental group but not for those in the
control group, suggesting that the type of noise, rather than an
absence of noise, may be calming.

The observational study by Algase et al [24] examined the effect
of noise levels on wandering behavior. In the study of 122
nursing home residents, greater variation in ambient noise level
was associated with periods of wandering. There was a
significant increase in the risk of wandering (odds ratio 1.09)
per SD of variation in ambient noise level [24].

Mood-Related Symptoms

The effect of noise on symptoms related to aspects of mood
(apathy, affect, or anxiety) was considered in 7 studies that
examined associations with depression [25], apathy [31,43],
affect or mood [33,34,40], and anxiety [58]: 3 (43%)
quasi-experimental studies[31,33,58], 2 (29%) cross-sectional
studies [34,40], and 2 (29%) case series studies [25,43]. When
noise levels were moderate, rather than low or high, studies
found that participants were more highly engaged (ie, less
apathetic) [31,34,40] and exhibited greater pleasure or a more
positive attitude [33,34]. High levels of background noise in
particular were related to less engagement in 2 (67%) of the 3
studies that examined affect or mood [34,40] but were not
related to negative affect, leading the authors to conclude that
high background noise may cause participants to become less
attuned to their environment and bored or sleepy but not
uncomfortable or upset [40]. Another study provided evidence
of the need for stimulating sound: Jao et al [43] did not find an
association between apathy and overall noise level but did find
an association between apathy and a lack of clear, discernible
sound stimuli (ie, only chaotic background noise). Finally, signs
of anxiety in participants with dementia were decreased with
an intervention that applied white noise during a walking
program in the experimental group only [58].

Temperatureor Humidity

Of the 5 studies that examined the relationship between
temperature or humidity and BPSD [24,25,34,40,59], 3 (60%)
were cross-sectional studies [24,34,40], and 2 (40%) were case
series [25,59]; furthermore, 3 (60%) were conducted in North
America [24,25,34], 1 (20%) in Europe [40], and 1 (20%) in
Oceania [59]. Of the 5 studies, 4 (80%) were conducted in
nursing homes or assisted living units [24,34,40,59], while 1
(20%) was conducted in participants’ private home environments
[25]. The median sample size in these studies was 69 (IQR
21-122; range 10-160) participants. The participants mean age
ranged from 79.7 to 86.6 years.

The case series study by Tartarini et al [59] found that the level
of agitation of participants with dementia in a nursing home
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facility increased significantly when the indoor average
temperatures diverged from 22.6 °C. At the same time, the
duration of exposure to high temperature (>22.6 °C) and low
temperature (<22.6 °C) was linearly correlated with
Cohen-Mansfield Agitation Inventory scores. In the
cross-sectional studiesby Algase et a [24] and Cohen-Mansfield
[34], the authors suggested that there was not enough variation
in the indoor temperature level or humidity level to identify a
relationship with participants behaviors.

Multiple Indoor Environmental Quality Parameters

A total of 8 studies [24,25,31-34,40,43] examined multiple
indoor environmental quality parameters (refer to Table 2 for
the combination of parameters examined in each study). Of
these 8 studies, 7 (88%) were conducted in North America
[24,25,31-34,43], and 1 (12%) was conducted in Europe [40];
furthermore, 3 (38%) were quasi-experimental studies[31-33],
3 (38%) were cross-sectional studies [24,34,40], and 2 (25%)
were case series[25,43]. Whiletheindoor environmental quality
parameters—Ilight level and noise level—were measured in the
quasi-experimental studies, they were not manipulated. The
intervention used in the quasi-experimental studies involved 9
categories of stimuli not related to the indoor environmental
quality parameters.

Of the 8 studies, 5 (62%) reported some associations between
indoor environmental quality parametersand BPSD. Oneof the
themes that these studies suggested was that both
overstimulation and understimul ation from indoor environmental
quality parameters can worsen BPSD. Algase et a [24] reported
that brighter light and more variations in sound levels were
associated with wandering. The studies by Cohen-Mansfield et
al [31,33] that examined the effect of the physical environment
on pleasure, engagement, and mood had similar findings. It was
found that in nursing homes, pleasure was most likely to be
experienced by participantswith dementiain environmentswith
moderate noise levels [33]. In addition, attention and
engagement duration in participants with dementiawere higher
when light was normal in comparison to adark room, and their
attention and attitude were significantly less positive when the
lighting in the room was bright than when the lighting was
normal [31]. In the same study, all indicators of engagement
significantly favored amoderate level of noise over no noise or
low noise levels, and engagement duration was significantly
longer for amoderate level of noise compared to high and very
high levels of noise.

The cross-sectiona study by Garre-Olmo et a [40] measured
the physical environment in multiple spaces within the nursing
home and found that indoor environmental quality parameters
(light, temperature, and noise) inindividual living spacesin the
nursing homewere uniquely associated with participants quality
of life, behaviors, and mood as measured with the Quality of
Life in Late-Stage Dementia Scale; for example, the authors
found that low lighting levels in the bedroom were associated
with signs of negative affect, high temperature in the bedroom
was associated with lower quality of life experienced by the
participants, and high noise levels in the living room were
associated with low levels of social interaction.
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To examine the relationship between multiple environmental
factors and agitation in persons with cognitive decline in their
home environments, Bankole et a [25] installed environmental
sensors in people’s homes that provided continuous data over
a 30-day period; in addition, the participants with cognitive
decline wore actigraphy devices that provided objective
measures of their activity level continuoudly. Furthermore, 10
caregivers used smartwatches or tablets to report episodes of
agitation experienced by the people with cognitive decline in
real time, which enabled more direct analysis of therelationship
between the behaviors and contemporaneous environmental
conditions. Personalized neural networkswere built for 6 dyads,
which predicted episodes of agitation with light level as a
predictor. These networks achieved F;-score values, which are
measures of predictive performance in binary classifications,
ranging from 86.12% to 97.07%. F,-score values can range
from 0% to 100%, with a higher F;-score indicating a better
predictive performance. Regarding temperature, the study [25]
found that temperature showed strong positive correlation with
Teager energy scores from actigraphy device data, which are
measures of the aggregate energy of movement [68] and were
associated with the agitation exhibited by the peopleliving with
dementia.

Of the 8 studies, 3 (38%) failed to identify a link between
multiple domains of environmental conditions and BPSD. Jao
et a [43] studied the association between apathy in residents
with dementiain long-term carefacilities and the characteristics
of care environments, which included light level, noise level,
environmental ambience, crowding, staff familiarity, and
environmental stimulation. The authors found that light and
sound levels did not show statistically significant effects on
apathy [43]. Cohen-Mansfield et al [32] found that lighting and
background noise were not associated with levels of agitation
in nursing home residents with dementia but that may be due
to small variationsin these factors. Similarly, Cohen-Mansfield
[34] reported no association between noise and mood in people
with dementia attending recreational groups.

As seenin Table 2, of the 38 included studies, 6 (16%) relied
solely on self-report data for measuring the environment, 13
(34%) used only sensors, and 2 (5%) use both sensors and
self-report data, while the environment was not measured but
manipulated in 17 (45%) studies. For measurements of BPSD
in peopleliving with dementia, of the 38 studies, 36 (95%) used
informant-report scales, such asthe Neuropsychiatric Inventory
Questionnaire; less than half of these studies (n=16, 44%) also
used behavioral sensors such as actigraphy to provide objective
data

Discussion

Overview

The definition of environment encompasses several major
elements. physical environment (eg, light level, noise level,
temperature, and humidity), social environment (eg, number of
people in proximity), and built environment (eg, furnishings).
The focus of this scoping review is on the effects of the indoor
environmental quality parameters pertaining to light, noise,
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temperature, and humidity on BPSD. Given the fact that most
older individuals, including peopleliving with dementia, spend
most of their time indoors, better understanding of how these
physical indoor environmental quality parameters may affect
behavioral health is critical. Overal, this review outlines
preliminary evidence on the notable linkages between indoor
environmental quality parameters and BPSD. Further research
remains to be conducted in the field.

Principal Findings

The evidence base suggests that light during the day is helpful
in modulating circadian rhythm, as well as aleviating sleep
disturbance and mood-rel ated disorders. Overall, overstimulation
and understimulation of environmental factors can lead to
challenging behaviors in people living with dementia; for
example, when the environment exhibits high levels or low
levels of noise, people living with dementia may exhibit more
challenging or disturbing behaviors [44,49]. Similarly,
challenging behaviors may be associated with the ambient
temperatures experienced by the people living with dementia
because there was more agitation observed when the
environment was either relatively too hot or too cold for the
person living with dementia [59]. Such findings are consistent
with the existing models that explain the causes of BPSD,
including the unmet needs model [69] and the progressively
lowered stress threshold model [70]. Ultimately, finding the
proper balance of environmental factorsfor providing the most
personal comfort and quality of life for people living with
dementiaand caregivers may help to minimize the occurrences
of BPSD.

Future Directions of Research

Light is the most researched indoor environmental quality
parameter. Most studies on light therapy have shown that it
improves sleep and mood in people living with dementia.
However, the findings regarding its effect on agitation are
conflicting and warrant further research.

The evidence base generally suggests that when noise levels
exceed tolerable ranges, behavioral symptoms become more
frequent and severe. Studiesindicate that both the time duration
of exposure to noise and the type of noise exposure could
contribute to behaviora symptoms. Future research should
explore these factors further.

Studies examining the effects of temperature or humidity on
BPSD are largely observational. There exists a need to better
understand how thermal comfort affects BPSD in peopleliving
with dementia, especially because there are studies suggesting
that older adults may need a higher ambient temperature to
attain thermal comfort compared to younger adults[71,72].

Environmental factorswere often evaluated using self-reported
data, which can be prone to biases. The lack of objective
measurement of the environment makes measuring and linking
the specific effects of the indoor environmental quality
parameters on the behaviors of people living with dementia
difficult. Of the 38 included studies, 30 (79%) focused on a
single environmental factor, measured over relatively short
periods of time, limiting the ability to examine more holistically
how the environment affects BPSD. To some degree, this
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single-domain focus may reflect the complexity as well as the
cost of deploying multiple sensor types in multiple indoor
spaces. Astechnology advances, indoor environmental quality
parameter sensors are expected to become more affordable and
scalable.

Although most environmental exposure occursindoors, studies
need to consider in parallel the outdoor environment in terms
of its effects on behavior, which is especially important for
studies conducted in personal residences because people aso
spend time outdoors. Going forward, studies should adopt a
more holistic approach by deploying sensorsto objectively and
longitudinally measure the total environment.

While environmental conditions can be objectively sensed and
measured, very often, BPSD of the peopleliving with dementia
are either reported by the person affected by dementia or
observed and interpreted as occurring by an external observer
(usually a caregiver) present when the behavior occurs. In this
scoping review, 36 (95%) of the 38 included studies relied on
these self-reports or observer reports of BPSD. This type of
reporting may contain subjective bias. In addition, a variety of
scales have been used for ng the occurrences of BPSD,
which differ in their content, structure, and timing of recall.
Thislikely adds to imprecision in comparing the results across
multiple studies. More research is needed to examine how
different scales for evaluating BPSD relate to each other and,
inturn, to multiple environmental conditions. At the sametime,
whenever possible, the assessment of BPSD should be
corroborated with unobtrusive technology such as actigraphy,
which can provide objective data.

As evidenced by multiple studies in this review, the effect of
the environment on people living with dementia may be
dependent on age, sex, and cognitive state. In addition,
manifestations of BPSD may be unique for each person living
with dementiaaswell. Recent work by laboni et al [ 73] showed
that the features from wearable multimodal sensors varied in
their importanceto their predictive modelsfor agitation by both
individual and behavior type. Finding the optimal environment
for each person living with dementiawill help support agingin
place, which will improve their quality of life and lower the
cost of health care. This may be best achieved by being ableto
examine the environment and behavior at the individual level
with a goa of achieving person-centered assessments of
well-being in their environment. The use of continuous
multimodal sensing dataand frequent self-report facilitates the
ability to evaluate and analyze data at theindividual or “n-of-1"
level [73-75], supporting the principle that each individual is
unique. Care providers need to know the unique environments,
needs, and preferences of each person with dementiato provide
the best care and minimize troubling BPSD. Future research
should seek to build effective computational models that will
incorporate multiple continuous data streams, both
environmental and behavioral, that will predict the occurrences
of BPSD so that proactive intervention can be implemented
[25].

Implicationsfor Clinical Practice and Policy
At amacro level, the findings of this review, although they are
rudimentary, can help inform the design of long-term care

Interact JMed Res 2024 | vol. 13 | €56452 | p.206
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH

facilitiesand residential homesfor people living with dementia.
Individual assessments of responses to environmental factors
can be conducted upon admission; for example, large windows
may be used in long-term care facilities to let in sunlight, and
this should be supplemented by adawn-dusk simulation system
to addressthe excessive, or lack of, sunlight in different seasons
to modulate residents’ sleep and circadian rhythm. In addition,
the temperature in long-term care facilities and older adults
homes should be kept at an optimal range that would maximize
the comfort of residents. Moreover, quiet flooring and
sound-absorbing panels may be used in the long-term care
facilities to reduce the noise level; as evidenced by the studies
in this review, overly stimulating or noisy environments can
increase BPSD. These measures may increase the cost of
building and sustaining these long-term care facilities because,
for example, maintaining anarrow temperature range can place
additional strain on heating, ventilation, and air-conditioning
systems in these facilities and may not be energy efficient.
However, if thelong-term care facilities are more attuned to the
needs of peopleliving with dementia, it may result in adecrease
in BPSD, improving the quality of life of the peopleliving with
dementia and the caregivers as well. This would reduce staff
burnout and turnover, ultimately lowering health care costs.
Implementing such measures on abroad societal level requires
further cost-benefit analysis.

Limitations

This scoping review has limitations. One of the limitations is
that we included studies with heterogeneous designs (eg,
observational or experimental), which made the synthesis of
results difficult. However, 1 of the aims of this scoping review
was to provide an overview of the current state of knowledge
regarding the rel ationship between indoor environmental quality
parameters and BPSD. As such, heterogeneous studies were
included. Another limitation is that only articles published in
English were included. Moreover, only a subset of indoor

Au-Yeung et d

environmental factors (light level, noiselevel, temperature, and
humidity) were included in this review, while there are other
factors relating to BPSD as well, such as psychosocia and
biological influences[76]. Notably, thisreview did not include
indoor air quality, another environmental factor that increasingly
can be assessed objectively in situ. Air quality has been
associated with depression and anxiety in older adults based on
spatiotemporal models[77]. A recent study suggested that total
volatile organic compound level, among other indoor factors,
was significantly correlated with specific areaswhere behavioral
changes occurred in people with moderate to severe dementia
inanursing home [78]. Thisreview only provides evidence for
the relationship between a subset of the indoor environmental
quality parametersand BPSD, but the relationship likely is best
interpreted in amuch larger context.

Conclusions

This review suggests that indoor environmental quality
parameters pertaining to light level, noise level, temperature,
and humidity may be associated with BPSD. An environment
that maximizesthe comfort of peopleliving with dementiamay
decrease their BPSD. Most of the studies (34/38, 89%) in this
scoping review pertained to the environmental factor light level,
whilerelatively few studies (5/38, 13%-11/38, 29%) examined
the relationship between the remaining indoor environmental
quality parameters and BPSD. Among the included studies,
therewere conflicting findingsin the rel ationship between bright
light and agitation, which will need further research. A variety
of subjective scales were used to assess the environment and
BPSD, which makes synthesizing and comparing results across
studiesdifficult. Going forward, as computational methods and
objective sensing technology advance and become more
affordable, the behaviors of people living with dementia and
their environments should be measured holistically and
objectively so that future nonpharmacological intervention can
be evidence based.
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Abstract

Background: Mental disorders have ranked among the top 10 prevalent causes of burden on aglobal scale. Generative artificial
intelligence (GAI) has emerged as a promising and innovative technological advancement that has significant potential in the
field of mental health care. Nevertheless, thereis a scarcity of research dedicated to examining and understanding the application
landscape of GAI within this domain.

Objective: Thisreview aimsto inform the current state of GAl knowledge and identify itskey usesin the mental health domain
by consolidating relevant literature.

Methods: Records were searched within 8 reputable sources including Web of Science, PubMed, IEEE Xplore, medRxiv,
bioRxiv, Google Scholar, CNKI and Wanfang databases between 2013 and 2023. Our focus was on original, empirical research
with either English or Chinese publicationsthat use GAI technologies to benefit mental health. For an exhaustive search, we also
checked the studies cited by relevant literature. Two reviewerswere responsible for the data selection process, and all the extracted
datawere synthesized and summarized for brief and in-depth analyses depending on the GAl approaches used (traditional retrieval
and rule-based techniques vs advanced GAl techniques).

Results: Inthisreview of 144 articles, 44 (30.6%) met theinclusion criteriafor detailed analysis. Six key uses of advanced GAI
emerged: mental disorder detection, counseling support, therapeutic application, clinical training, clinical decision-making support,
and goal-driven optimization. Advanced GAI systems have been mainly focused on therapeutic applications (n=19, 43%) and
counseling support (n=13, 30%), with clinical training being the least common. Most studies (n=28, 64%) focused broadly on
mental health, while specific conditions such as anxiety (n=1, 2%), bipolar disorder (n=2, 5%), eating disorders (n=1, 2%),
posttraumatic stress disorder (n=2, 5%), and schizophrenia (n=1, 2%) received limited attention. Despite preval ent use, the efficacy
of ChatGPT in the detection of mental disorders remains insufficient. In addition, 100 articles on traditional GAI approaches
were found, indicating diverse areas where advanced GAl could enhance mental health care.

Conclusions: Thisstudy provides acomprehensive overview of the use of GAl in mental health care, which serves as avaluable
guide for future research, practical applications, and policy development in this domain. While GAI demonstrates promise in
augmenting mental health care services, itsinherent limitations emphasizeitsrol e as a supplementary tool rather than areplacement
for trained mental health providers. A conscientious and ethical integration of GAI techniques is necessary, ensuring a balanced
approach that maximizes benefits while mitigating potential challenges in mental health care practices.
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Introduction

Background

Mental disease is among the top 10 leading causes of global
burden [1]. One out of every 2 people worldwide will develop
at least 1 mental disease in their lifetime [2]. Depression and
anxiety disorders are among the most prevalent mental health
conditions, significantly impacting individuals' qudlity of life.
Itisestimated that approximately 280 million people worldwide
are living with depression, with another 301 million
experiencing anxiety [3]. These mental diseases can lead to
debilitating symptoms, impairing social functioning, and
affecting overall well-being [4,5]. People with depression or
anxiety are also at a high risk of suicide. More than 700,000
peopletaketheir lives every year, with >77% of global suicides
occurring in low- and middle-income countries [6].

Despite concerted efforts to address mental health problems,
severa challenges persist. Limited access to mental health
services, especialy in resource-limited countries, resulted in a
huge treatment gap in mental health care [7]. The lack of
sufficient trained mental health professionalsfurther exacerbates
this problem, leading to long waiting times for consultations
and inadequate support [8]. In addition, stigma and
discrimination surrounding mental health continue to hinder
individuals from seeking the help they need. Many individuals
feel ashamed or worried about the potential consequences of
disclosing their mental health conditions, thus impeding early
intervention and treatment [7].

Artificia intelligence (Al) appears as a viable alternative for
facilitating accessibility, affordability, and anonymity in
psychiatric diagnosis and treatment dueto its capability to mimic
human cognitive functionsto learn and make decisions[9]. This
isparticularly truein machinelearning (ML), which constitutes
acrucial foundation for Al and focuses on the development of
algorithmsto learn patterns from training data. ML models can
bebroadly classified into 2 types: discriminative and generative
[10]. In Al systems, discriminative Al models refer to a subset
of Al techniquesand modelsthat focus on learning the mapping
from input data to output labels or categories [10,11]. This
approach aims to classify or predict outcomes based on input
features without necessarily understanding the underlying
relationshipsor causdity in the data. Examples of discriminative
Al include image recognition systems and diagnostic systems
[11,12].

In prior research, 5 key domains have been identified using
discriminative models for bipolar disorder, which include
diagnosis, prognosis, treatment, data-driven research, and
clinical support [13]. Whilediscriminative Al hasbeenacrucial
component of the Al landscape over the past decade and has
reached a relatively advanced stage of development, the field
of generative Al (GALl), by contrast, remainsin its nascent stage.

https://www.i-jmr.org/2024/1/e53672

GAl is atype of ML technology that possesses the ability to
automatically generate fresh output data by using the provided
input data [10]. In fact, the concept of GAI is not a recent
innovation but rather atechnology that can be traced back to as
early as 1966 with ELIZA, a chatbot designed to simulate
conversation with atherapist, serving asan early example [14].
However, it is only in recent years that the culmination of
extensive research and developmentsin Al and ML hasresulted
in the emergence of advanced GAI systems. Unlike traditional
GAI, which primarily relies on pattern-matching or rule-based
techniques[15], advanced GAI has shown superior performance
in autonomously producing synthetic data, text, images, and
even videos that resemble real-world examples [10]. Although
such an emerging field presents a novel and exciting
technological advancement, limited research has attended to
inform the application landscape of GAI in mental health care.
This indicates an urgent need to expand our knowledge about
the state-of -the-art technologies and illuminate their possibilities
in clinical and public mental health improvement.

Objective

The objective of this scoping review is to synthesize available
literature describing the use of GAI for mental health to inform
the current state of knowledge in this area. The findings of this
review can be used to inform various stakeholders, including
researchers, clinicians, and support seekers, about the potential
uses and implications of GAI in the field of mental health. To
achievethispurpose, thereview isdivided into 2 sectionsaiming
to provide a more thorough overview of the GAl's
implementation in mental health care. The first section offers
a brief review of research using traditional GAl approaches.
These approachesinclude rule-based or retrieval-based systems
that rely on predefined rules or logic statementsto perform tasks
or generate responses. This contrasts with the discriminative
Al approach that involves training models on labeled data to
classify inputs into different categories or predict outcomes.
The second section presents an in-depth analysis of studiesthat
leveraged advanced GAI. The in-depth review is responsible
for the identification of key use cases for advanced GAI
alongside its benefits and challenges, while the brief review
informs additional areas in which advanced GAIl could be
leveraged to facilitate the development of evidence-based
interventions that can improve mental health outcomes.

Methods

Overview

A scoping review, according to Tricco et a [16], isamethodical
strategy for “charting” or “mapping” a larger subject than a
systematic review usually tackles. This approach becomes
essential when addressing the broad problems posed by patients,
physicians, politicians, and other decision makers. Therefore,
to achieve the objective of this study, we conducted a scoping
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review following the PRISMA-ScR (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses extension for
Scoping Reviews) [16].

Search Strategy

The search for relevant studies was conducted between January
1, 2013, and July 28, 2023. The chosen time range is critical
for including the latest findings and approaches, ensuring that
the research stays relevant and applicable in the evolving field
of GAIl development [17]. This period also witnessed the
emergence of sophisticated GAI tools, which fundamentally
transformed approaches to mental health care, shifting from
text-based interactions to more engaging forms of mental health
support [17,18]. To cover both general and health care-specific
sources, we searched records within 3 reputable international
databases (ie, Web of Science, PubMed, and |EEE Xplore). In
addition, we expanded our search by including 2 Chinese
databases, CNKI, and Wanfang, to broaden the scope of our
investigation. By including these diverse data sources, we aimed
to capture a wide range of literature on GAI from both global
and Chinese perspectives.

Given the novelty of the advanced technology, 2 preprint servers
(eg, medRxiv and bioRxiv) were consulted from January to July
2023 to inform the scope of literature delineating the use of
GAIl models for addressing mental health issues. This is a
common practice often used by many researchersto | ocate other
emerging applications not yet captured by peer-reviewed
literature [19-22]. In order to include additional studies related
to our topic, we also performed a structured search on Google
Scholar for the identification of uncovered records, including
gray literature, and checked the reference lists of the included
studies. The search query mainly consists of 2 components:
GAIl and relevant terms (eg, GAl OR generative model OR
ChatGPT) and mental health and related terms (eg, mental
health OR depression OR anxiety OR bipolar disorder). The
search strategies used varied depending on the characteristics
of the selected databases for the search inquiry, which are
provided in Multimedia Appendix 1.

This review considers only origina research for inclusion.
Studies were included if they were empirical, leveraged
Al-based technol ogiesto generate new outputsfor mental health
enhancement, and were published in English or Chinese
language. However, articles presented in the form of opinions
or reportsor not relevant to the production of new content were
excluded to ensure the relevance and accuracy of the review.

This scoping review categorizes the GAIl into advanced GAI
and traditional GAIl approaches. Advanced GAIl features
state-of -the-art Al technology for creating new content, images,
audio, video, or codeswith tools such as ChatGPT, MidJourney,
New Bing, and Dall-E2. These models often require huge
computing power including a significant amount of memory,
while traditional models mainly rely on predefined rules or
retrieval-based algorithms with patterns created by developers
on the basis of anticipated user queries [15]. Traditional GAI
approaches often have limited flexibility and can only provide
responses that have been explicitly programmed into their

https://www.i-jmr.org/2024/1/e53672
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system [23]. This differentiation was deemed essential due to
the extensive volume of literature that was identified during the
scoping review process. More details of the categorization of
traditional and advanced GAI modeling approaches are listed
in Multimedia Appendix 2.

Data Screening and Extraction

All collected recordswerefirst imported into EndNote Software
(version 20; Clarivate), a literature management software for
data screening and storage. Duplicate records were removed,
and the remaining articles were screened for relevance based
on the information provided in titles and abstracts by one
reviewer. This was followed by the other reviewer performing
the second stage of screening, which evaluates the full text of
articles based on the inclusion and exclusion criteria. Regular
scrutiny was held during the screening processto deliberate and
address any ambiguities or disagreements and achieve a
consensus among both reviewers[24]. A continual reassessment
of the understanding of the screening criteria was undertaken.
Ininstances where questions arise, efforts were made to retrace
our steps and ascertain the accurate and consistent application
of the criteriato guarantee that the screening process maintained
auniform and unbiased standard.

After that, pertinent datawere extracted, and athorough analysis
of the application of advanced GAl models for mental health
care was carried out. The first author methodically gathered
these data, which contain details about the mental health issues
addressed, the targeted population, the application setting, the
use case, the results, the study phase, the data source, the type
of approach, the delivery mechanism, and so on. The extracted
data were then synthesized through a narrative method. Our
goal was to categorize the GAI studies based on the extracted
data. For this purpose, we modified various taxonomies found
in existing literature [18,25]. We compiled the characteristics
of the studiesinto atable and provided a narrative description.
Following this, we presented an overview of the featuresin the
studies included. The PRISMA checklist was provided in
Multimedia Appendix 3 to show the completeness and
transparency of the review’s reporting [16].

Given the volume and homogenization of relevant studies on
theimplementation of traditional GAI approaches, abrief review
of these approaches focused only on a summary of use cases
rather than penetrating the details. The purpose of abrief review
isto reveal additional domainsin which advanced GAI models
can leverage to enhance the provision of mental health care.

Results

Overview

The structured search on databases identified 1577 unique
records, of which 1323 (83.89%) were peer reviewed and 254
(16.11%) were preprints. The 2-stage screening process resulted
in 144 articles eligible for scoping review, including 44 (31%)
documents applying advanced GAI and 100 (69%) traditional
GAI approaches. A modified PRISMA flow diagramillustrating
the process of record selection is shown in Figure 1.
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Figure 1. Modified PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram of document selection. CNKI:
China National Knowledge Infrastructure; GAI: generative artificial intelligence.
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Health these capabilities, generating humanlike conversations in the
Of the 100 included records that reported the use of traditional  form of chatbots has been widely adopted to enhance mental
generative approaches, 97 (97%) were derived from hedth services and their accessibility. A notable field is the
English-language literature, while only 3 (3%) were sourced  delivery of nonpharmacological treatment such as recollection
from Chinese-language literature (Multimedia Appendix 4  of negative events[54], spiritual and religiousintervention [55],
[3,6,12,14,17-19,21,26-53]). The research targeted avariety of  or guiding mindfulness and emotional intelligence practice[26]
populationswith mental illnessin diverse contextsranging from  to help individuals with mental conditions. Examples of the
generic workplaces to health care systems. Traditional GAl  characteristics and use cases in which traditional generative
approaches in mental health care have mainly emphasized 2  approaches were applied are provided in Table 1.

Table 1. Main characteristics of the literature adopting traditional generative artificial intelligence approaches.

Characteristic Example

Mental health problems addressed Perinatal depression [27]; postpartum mental health [28]; examination stress [29]; foreign language
anxiety [56]; eating disorder [57]; autism and achluophobia [30]; suicide risk [58]; substance abuse
[31]; post-traumatic stress disorder [32]; bipolar affective disorder [59]

Students [33]; adults [60]; aging adults [54]; return-to-work workers [61]; soldiers [62]; employees

Targeted population
[34]; pregnant women [27]; postpartum populations [28]; patients with cardiovascular disease [59]

Application context Workplace [61]; military [62]; school [35]; hedlth care system [63]
Application capabilities
Music synthesis Music production for emotion expression [64]

Generation of humanlike conver sation to support tasks

Assistancein clinical practice Connecting help seekers to mental health professionals [65]; promoting deep self-disclosure of help
seekers for mental health professionals [36]

Screening, monitoring & prevention mental health condition evaluation [66]; tracking emotion disorder [67]; mental disorder prevention

of symptoms [68]
Self-care suggestions, resource &  Coping strategies[37]; customized individual suggestions[38]; resource (eg, study tips) for stressrelief
psychoeducation [69]; psychoeducation on body image and eating disorders [39]

Nonpharmacological intervention  Recollection of negative events [54]; companionship support [40]; mindfulness and emotional intelli-
gence practice [26]; cognitive behavioral therapy delivery [35]; behavioral activation therapy delivery
[14]; religious intervention [55]; promotion of positive psychology [41]; emotional support [70]

Management of symptoms Stress management [42]; depressive disorder management [71]
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In-Depth Review: Research Trend of Leveraging
Advanced GAl Modelsfor Mental Health

Of the 44 included articles in an in-depth review, 36 (82%)
studies were in English, while the remaining 8 (18%) were
Chinese-languageliterature. Lessthan half of the studies (20/44,
45%) were published or completed in 2023, and 32% (14/44)
are conference papers, followed by 48% (21/44) journal articles,
18% (8/44) preprints, and 2% (1/44) gray literature (literature
published by a notable institution without peer review).

Thein-depth review of English-languageliterature demonstrated
awide dispersion of countries authors represented. Thefindings
showed that scholarly contributions in the included studies
originated from 17 different countries. Among these, the United
States emerged as the most prolific contributor in terms of
volume (14/44, 32%), followed by China and India, both of
which made an appropriate number of contributions (5/44, 11%).
In addition, the United Kingdom and Korea both accounted for
the same shares of studies (3/44, 7%), followed by Canadaand
Australia (2/44, 5%). Other infrequent contributors included
Japan, Finland, the United Arab Emirates, Switzerland,
Morocco, Philippines, Poland, Israel, Czech Republic, and
Malaysia (1/44, 2%).

For all studies included in the in-depth review, the number of
authors involved in each research ranged from 1 to 8, with an
average number of 3.75 (SD 1.66). Most of theincluded studies
(17/44, 39%) have been authored by 5 researchers or more,
while a single author was only shown in 25% (11/44) of the
studies. Most of the studies (37/44, 84%) concentrated on the
development and validation of advanced GAI techniques, and
7 (16%) studies evaluated the efficacy of the application of GAI
modelsfor informing clinical and public menta health practices.

Of the 44 included studies, most (n=28, 64%) targeted mental
health concerns through general public approaches. These
studies covered a broad spectrum of conditions and challenges
affecting people’'s emotional, psychological, and social
well-being. This is followed by specific conditions such as
depression (9/44, 20%), both anxiety and depression (5/44,
11%), bipolar disorder (2/44, 5%), posttraumatic stress disorder
(2/44, 5%), anxiety (1/44, 2%), eating disorder (1/44, 2%), and
schizophrenia (1/44, 2%). Advanced GAI techniques were
widely used to address these concerns, with the generative
pretrained transformers (GPTs) being the most popular
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(aggregated by al GPT variants, 23/44, 52%). Specifically,
30% (13/44) of the studies highlighted GPT-3 or GPT-3.5 model
or relevant variants, and 18% (8/44) described the use of GPT-2.
Other popular techniques that are often applied in generative
modelsincludethelong short-term memory (LSTM) architecture
(11/44, 25%) and generative adversarial networks (6/44, 14%).
Most of the included studies used publicly available data sets
(19/44, 43%) as their main data sources, followed by other
varied sources (14/44, 32%) and social mediadata (9/44, 20%).
Private datawere the least prominent source of data used in the
studies (2/44, 5%).

The output of the advanced GAI modelsreported in theincluded
studies (n=44) was available in 3 forms. Text generation was
the most common form (32/44, 73%), followed by audio (in the
form of music; 9/44, 20%) and image (4/44, 9%). Only 1 study
was reported to include both forms of text and audio [43]. Of
theincluded studies, approximately 66% (29/44) reported using
advanced GAI for enhancing mental health care among the
public. In contrast, around 7% (3/44) focused on the facilitation
of clinical practicefor cliniciansand mental health professionals.
A total of 2 (5%) studies specifically targeted the student
population, whereas other groups such as children [44], peer
supporters [72], and suicide gatekeepers [73] received limited
attention. Details of the characteristics of the included studies
are provided in Table 2.

Thein-depth review identified 7 crucial use scenariosin which
advanced GAI models were used. Beyond the regular aspects
of the detection and treatment of mental disorders, the scenarios
aso extend to emerging areas, including goal-driven
optimization and clinical training. It isworth noting that during
the past few years, there has been a noticeable trend in the
mental health field of increased interaction with advanced GAl
models. Before 2020, research in this area was limited, with
only a few studies in counseling support and therapeutic
application. However, starting in 2021, there has been an
upsurge in research in a number of use cases, with the most
notable expansion in counseling support and therapeutic
application, suggesting growing interest in advanced GAI in
these domains. In comparison, new study fields such asclinical
training and facilitation of clinical decision-making started to
appear in 2023, although there were fewer studiesin these areas
than in others. An overview of the use areas of advanced GAl
models over timeis provided in Table 3.
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Table 2. Characteristics of the included studies that used advanced generative artificial intelligence (GAI) for mental health (n=44).

Characteristics Studies References

Number of authors, mean (SD; range) 3.75 (1.66; 1-8) a

Authors, n (%)

1 11 (25) [44-46,74-81]
1-5 16 (36) [43,47-50,82-92]
>5 17 (39) [51-53,72,73,93-104]
Study phase, n (%)
D_evel opment and validation of GAl tech- 37 (84) [43,44,46,47,49,51-53,72,73,75,77-83,85-101,103,104]
nigues
Efficacy of GAI models 7(16) [45,48,50,74,76,84,102]
Mental health outcome, n (%)
Genera mental health 28 (64) [43,46,47,51-53,72,77,79-85,87-95,99,101,102,104]
Depression 9(20) [45,48,49,73,75,76,78,98,100]
Anxiety 1(2) [104]
Anxiety and depression 5(11) [74,86,96,97,103]
Bipolar disorder 2(5) [74,97]
Eating disorder 1(2 [84]
Schizophrenia 1(2 [84]
PTSDP 2(5) [84,101]

Data sources, n (%)

Private data 2(5) [49,82]

Social media data 9(20) [43,48,72,85,87,94,98,101,103]

Publicly available data set 19 (43) [44,46,47,50,51,53,77,79-81,83,86,88,89,96,97,99,100,102]
Other sources 14 (32) [45,52,73-76,78,84,90-93,95,104]

Type of techniques®, n (%)

GPT-2¢ 8(18) [53,72,77,79,81,88,89,98]
GPT-3 or GPT3.5 13 (30) [45,48,49,73,74,84,87,90,93,95,99,101,102]
GPT-4 1(2 [76]
DialoGPT 1(2) [47]
GANs® 6(14) [44,51,75,78,83,100]
PanGu 350 M/WenZhong-110M (atypeof 1(2) [94]
LLM"in Chinese)
HyperCLOVA (atype of LLM) 12 [50]
Markov chain 1(2 [92]
LSTM9 11 (25) [44,46,53,75,85,86,90,96,100,103,104]
GRU" 1(2 [91]
Midjourney' 1(2 [52]
Delivery mode, n (%)
Text 32 (73) [43,45-49,72-74,76-78,80-82,84,85,87-90,93-103]
Audio 9 (20) [43,50,53,75,79,86,91,92,104]
Image 4(9) [44,51,52,83]

Groupsreceiving benefit , n (%)
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Characteristics Studies References

General population 29 (66) [47,48,50-53,74,75,77-86,88-93,95,97-99,104]
Clinicians and mental health professionals 3 (7) [45,76,94]
Students and youth 2(5) [43,46]
Children 1(2) [44]
Peer supporters 1(2 [72]
Suicide gatekeepers 1(2 [73]
Not reported 7 (16) [49,87,96,100-103]

3ot applicable.

bpTSD: posttraumatic stress disorder.

CIndicates the models or components used in generative tasks.
dGPT: generative pretrained transformer.

€GAN: generative adversarial network.

fLLMm: large language model .

9 STM: long short-term memory.

hGRU: gated recurrent unit.

"The creators of Midjourney do not provide any details regarding the training models used or the integration process. Moreover, they have not made

their source code available for public access.

Table 3. An overview of studies adopting advanced generative artificial intelligence (GAI) models for mental health uses between 2013 and 2023

(in-depth review).

Use cases Year
2013-2020 2021 2022 2023 Overall
(n=5), n (%) (n=5), n (%) (n=14), n (%) (n=20), n (%) (n=44), n (%)
Detection of mental problems _a — 2(5) 2(5) 4(9)
Counseling support 2(5 1(2 4(9 6 (14) 13 (30)
Therapeutic application 3(7) 4(9) 7 (16) 5(11) 19 (43)
Clinical training — — — 1(2 1(2)
Facilitation of clinical decision- — — — 3(7) 3()
making
Goal-driven optimization — — 1(2 3(7) 4(9)

3ot applicable.

Detection of Mental Problems

Advanced GAI has the potentia to play a crucia role in the
early detection and monitoring of mental health problems,
facilitating timely interventions and support; 4 (9%) out of 44
studies in the in-depth review focused on the use of advanced
GAI for mental disorder detection through content mining and
analysis. Two studies focused on the scrutiny of social media
datato track the mental health status of online usersby analyzing
social mediaactivities. One study used advanced neural network
architectures such as bidirectional encoder representation from
transformers and Bi-LSTM to detect signs of anxiety and
depression through expression in unstructured user-generated
posts on Reddit and Twitter to inform online users’ mental
health conditions [104]. The other one, a preprint study,
evaluated the performance of a wide array of large language
models on menta health prediction through online data from
Reddit [102]. Besides using socia mediadata, researchersalso
explored the use of private data sources, such as audio

https://www.i-jmr.org/2024/1/e53672

recordings from interviews, as an alternative method to infer
individuals mental health conditions [49,102]. Although there
is an opportunity for using advanced GAl to identify potential
symptoms of mental disorder, the approaches used in the studies
showed varying performance, particularly for the GPT, which
was reported in 2 preprints, to underperform other fine-tuned
models, particularly in zero-shot prompting [101,102].

Counseling Support

The common use scenario of advanced GAI models for mental
health was counseling assistance (13/44, 30%). Eight studies
focused on the provision of emotional response in counseling,
among which 6 of them highlighted the development of
empathy-centric counseling chatbots to facilitate peer-to-peer
mental health support or preemptive health care
[47,72,81,84,90,98], 1 study developed humorous response in
psychiatric counseling through joke generation in sentences
[85]. Another study leveraged the large language models to
devel op an open-domain audio-based chatbot (ie, CareCall) that
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emotionally supports socially isolated individual s via check-up
phone calls [85]. Advanced GAI models were commonly used
in these studies to generate emotional responses that adapt to
the context of aconversation, which isunableto beimplemented
in traditional rule-based or retrieval-based models [47].

Similar approaches were also explored to facilitate counseling
services by emphasizing personalization and user engagement
within counseling sessions; 5 (11%) studies documented the
use of advanced GAIl approaches to generate tailored
recommendations such as lifestyle modifications and potential
treatment options for certain individuals with psychological
issues [46,74,79,80,82].

Therapeutic Application of GAI

Unlike counseling support, which mainly focuses on using
advanced GAIl models to offer short-term and solution-based
psychological support with specific mental health issues,
therapeutic application targets long-term therapy for complex
and ongoing mental health challenges, incorporating diverse
interventions. The area of therapeutic application received the
highest proportion of studies (19/44, 43%). This includes
conventional, music, and art- or writing-related intervention.
The use of advanced GAIl models for conventiona assistance
in treatment made up the bulk of research on the therapeutic
area (8/44, 18%). Most research incorporated other traditional
Al approaches such as different classification algorithms and
fine-tuned GPT models to assist in the process of cognitive
behavioral therapy. Furthermore, 6 (14%) peer-reviewed studies
[43,48,77,78,88,97] and 1 (2%) preprint study [99] developed
models to generate motivational and affirmative texts or
reflections in response to distressed narratives or negative
thoughts. Another study used ChatGPT for awareness-related
intervention such as mindfulness-based therapeutic assistance
to reduce anxiety and improve mental health outcomes [93].

Supplementary data such as open-source data sets and
domain-specific data were commonly used in these studies to
provide the model swith more context and reduce biases caused
by the reliance on vast amounts of unlabeled training data. Three
studies relied on Reddit data [43,48,77], and among them, 1
gray literature used dialogues extracted from Reddit emotional
distress—+elated conversations and the publicly available Counsel
Chat data set to generate reflections and paraphrases with a
GPT-2 generation model [77]. Other research highlighted the
situational attribute of data. Data containing various situations
from existing or program-synthesized data sets were used to
train and fine-tune GPT models to reframe negative thoughts
or generate a response with a positive mental outlook under a
depressing situation [88,99].

Examples where advanced GAI was used for music therapeutic
applications were aso highlighted in the peer-reviewed
literature; 6 (14%) studies reported the use of advanced GAI to
produce music for mental health improvement. For example, a
system called DeepTuneswas devel oped to generate music with
lyrics that contribute to positive emotional responses of users
[53]. To achieve this purpose, a facial recognition model
implemented by a convolutional neural network was used to
identify the emotions of the users by analyzing the photos they
provided and self-reported feelings. A lyric generation model
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driven by GPT-2 followed to create lyrics based on the detected
emotions and the first line given by the users. Findly, a
music-generated model built on the LSTM networks was used
to produce music [53]. Similar approaches were also explored
within specific treatment scenarios targeting groups with stress
[92,104] or mental diseases including depression, early
childhood trauma, and Parkinson disease [75,86,91]. However,
all these approaches were designed to generate music to serve
the purpose of assisting in receptive rather than active
intervention in which patients are involved in creating music
themselves.

Another field involves art- or writing-related intervention. Three
studies focused on the Al-generated artwork to provide an
interactive Al painting experience for emotional healing of users
[44,52,83]. One study incorporated image generation in writing
therapy. It developed a system called StoryWriter to facilitate
the process of writing therapy by producing artwork from users
narrativesin real time[51]. However, concernswere also raised
on the generated images, which may undermine the therapeutic
benefits of writing tasks. In another study, the GPT-2 model
was fine-tuned with data training on short-form texts of poetry
and informal writing to generate poetry that resonates with the
emotional state of users, thereby provoking emational reflection
and regulation in the user [89].

Clinical Training and Facilitation of Clinical
Decision-Making

The capabilities of advanced GAI models were far beyond the
management of mental health care. Literature reporting the use
of advanced GAI in other fields such as practitioner training
and clinical decision-making has emerged lately. One preprint
described a training of suicide gatekeepers through ChatGPT,
which was used to simulate a patient who is experiencing
suicidal ideation [73]. Three studies leveraged the advanced
GAI approachesto facilitate the process of decision-making for
mental health professionals: 2 studies focused on the use of
advanced GAl-based tools to assist clinicians in generating
medical reports or in triage and timely identification of urgent
cases [45,94]; the other study explored the use of ChatGPT-4
to assist cliniciansin optimizing psychopharmacologic clinical
practice by providing multiple heuristics as rationale [ 76].

Goal-Driven Optimization

The advanced GAI approaches were also used for goal-driven
optimization to support mental health—related tasks. For
example, GAI has been applied to improve the accuracy and
safety of diagnostic tools as well as therapeutic interventions.
Three studies leveraged advanced GAl in data devel opment: 2
preprints described the use of ChatGPT to generate new data
instances or multiturn conversation data sets, which help provide
more varied and realistic practice material for acquiring optimal
applications [87,95]; another study used real conversation
examples that were labeled to show certain features, such as
signsof depression. It then used these examplesto create similar
new ones, providing a variety of realistic examples for ML
[100]. These data augmentation approaches are important for
mental health care applications since they develop diverse and
close-to-realistic data sets, addressing dataissues such as small
volume, sparsity, or imbalance.
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In addition to data augmentation, safety and explainability in
advanced GAIl are also important when optimizing natural
language generation of conversations within thefield of mental
health. In responseto thisissue, 1 study incorporated the process
knowledge framework and advanced GAI techniquesto generate
safety lexicons and knowledge base, making sure that the GAI
sticks to safety rules that are considered acceptable and works
safely and understandably in mental health situations [96].

Discussion

Principal Findings

In this scoping review, 6 key use cases were identified for
mental health care: mental problem detection, counseling
support, therapeutic application, clinical training, goal-driven
optimization, and clinical decision-making. Advanced GAI has
primarily been focused on therapeutic application, followed by
counseling support, while the use scenario in clinical training
remains a largely unexplored domain. ChatGPT has aso been
adapted to provide mental health support by engaging in
conversations, offering coping strategies, and promoting
self-awareness in help seekers. While ChatGPT offers an
innovative approach to mental health support, itsdiagnostic and
medication recommendation abilities are hindered by several
limitations. Notably, ChatGPT exhibits low accuracy in
zero-shot classification for diagnoses, suggesting that it struggles
to accurately identify mental health conditions based on input
data aone. In addition, inconsistencies in prescribing drugs
raise concerns about the reliability of itsresponsesin these areas
[74,105]. These inadequacies undermine ChatGPT's
effectiveness in providing accurate and reliable support for
individual s seeking assistance with mental health concerns.

Comparing traditional and advanced GAI models, most studies
(71/100, 71%) that used traditional approaches mainly focused
on the development of chatbots and virtual assistantswith their
conversational functions to enhance the mental well-being
experience. Although our in-depth review of the advanced GAI
also identified numerous examples of conversation generation,
more opportunities and possibilities have emerged with the
advancement of technology to complement the limitations of
traditional approaches. These advancements include (1)
advanced GAI in menta health care, which offers unique
advantages over traditional approaches. Unlike traditional
pattern-matching approaches, advanced GAl, driven by neural
networks, alows for engaging in personalized and empathetic
conversations through generating contextualy relevant
responses, enhancing the overall counseling experience [98].
(2) Advanced GAI facilitates accuracy improvement in mental
health care through data augmentation. By generating synthetic
data closely mimicking real-world examples, these models
enhance predictive accuracy and adaptability across various
mental health conditions. (3) Advanced GAI excels in image
generation for therapeutic purposes. While preexisting patterns
used by traditional GAI often led to the production of generic
and repetitive visuals[106], advanced approaches allow for the
tailored creation of images to evoke specific emotional
responses, enhancing the therapeutic experience through
meaningful and relatable visuals.
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The GAIl Dilemmain Mental Health Care

While GAI has the potential to offer valuable support and
resources in the domain of mental health care, it also raises
important technical, ethical, and privacy concerns.

Technical Dilemma

Discourses in academic literature have elucidated various
potential paths through which GAI may be conducive to the
field of mental health care. Nevertheless, these advanced
technologies may effectively operate in a supplementary role
instead of a substitute for qualified mental health providers,
given their inherent limitationsin clinical acumen.

ChatGPT, although not initially developed with a focus on
mental health, has been prevalently used in this domain due to
its expertise in handling routine and structured tasks. These
include offering general knowledge about mental illness and
coping strategies|[74,76] and tailoring recommendationsfor the
generation of medical reports[45], highlighting the “mechanical
aspect” of mental health care. However, ChatGPT and similar
GAI systems struggle with replicating the “human aspect” of
mental health care, which includes the nuanced, personalized,
and empathetic approach that human mental health professionals
provide [48]. While efforts are being made to improve the
emotional awarenessof GAl systems[47,90], achieving adegree
of emotional intelligence that goes beyond mere recognition
and reaches a true, humanlike comprehension and reaction to
emotions is a challenging endeavor. The effective use of GAI
in mental health care requires a profound understanding of the
nuances of human emotions, cultural variations, and individual
characteristics. To achieve this, it is crucial to not only foster
collaboration among Al experts, psychologists, and ethicists
but also actively include individuals with lived mental health
experiences. Furthermore, psychiatry involves holistic
assessments beyond mechanistic diagnoses, which GAI systems
alone might inadequately address, potentially leading to
misdiagnosis or insufficient care.

Ethical Dilemma

The ethical concerns involved posed another significant
challenge. Content creation by advanced GAI modelsis subject
to data sets; it is necessary to ensure that they are programmed
and trained in an ethically responsible way. Thisis because the
potential for biases, both explicit and implicit, in the data used
to train these models can reinforce existing stereotypesin mental
health and result in discriminatory or life-threatening outcomes.
Nabla, a health care company in Paris, used GPT-3 for mental
health promotion. Unexpectedly, when a user raised the
question, “Should | take my own life?” GPT-3 generated a
response of “I think you should,” which was considered to
encourage suicidal behavior, thereby sparking concerns
regarding theimplementation of advanced GAl modelsin menta
health care[107]. Therisk of agorithmic biasesin training sets
could also lead to potential discrimination of marginalized
groups. Thisis particularly pertinent in mental health care, in
which agorithms may overlook or misrepresent the unique
needs of diverse populations, leading to unequal accessto care
or misdiagnosis of marginalized communities [108]. For
instance, Buolamwini and Gebru [109] found that facial analysis
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algorithms have varying levels of accuracy among different
genders and races, highlighting concerns about the fair use of
Al indiagnosing mental health conditions. Thereisalso concern
that overreliance on Al may undermine the value of human
expertise and skills, which are vital for providing empathetic
and nuanced mental health care [110].

Another concernisthe “black box” problem, where the opacity
of Al decision-making processes challenges their scientific
reliability and raises ethical dilemmas [111,112]. This issue
emphasi zesthe need for regul ations promoting Al transparency.
Particularly in urgent mental health scenarios, the inability to
interpret and verify Al-driven recommendations could lead to
critical decision-making challenges and potential risks.
Therefore, developing frameworks for understanding and
validating Al decisions in mental health care is not just a
scientific necessity but also an ethical imperative, calling for
an ongoing dialogue among clinicians, researchers, ethicists,
and policy makers.

Given the potential risk, ethical guidelines and frameworks
should be devel oped to define the appropriate use and limitations
of advanced GAI in mental health care, guiding practitioners
in responsi ble decision-making and emphasizing the importance
of a human-centered approach.

Safety and Confidentiality Dilemma

Another ethical challenge is the privacy and confidentiality of
sensitive persona information. Unintentional collection of
personal information can occur during users' interactions with
GAIl systems. This information may include users names,
identities, and contact information, which originate from
human-Al conversation history. The application of advanced
GAI modelsfor data processing generates significant attention
regarding the potential disclosure or inappropriate use of
personal data [113]. This is of particular concern in mental
health care. One unique example that highlights this concernis
the practice of emotion detection, in which users facia
expression images are collected by advanced GAIl systems for
mental health prediction [83]. These collected images have the
potential to be misused to infringe onindividuals' privacy rights
and undermine their trust in mental health services. Hence,
implementing security measures, dataanonymization techniques,
and clear consent mechanisms are critical steps in addressing
thisdilemmaand protecting the confidentiality of mental health
data

Implications

Research Implications

The results of this study have several implications. First, by
highlighting the limited attention paid to the development of
advanced GAI systemsfor clinical training, our work fillsin a
significant gap in the literature. Our findings emphasize the
necessity of additional investigation in this domain to ensure
that advanced GAI can be effectively used for training clinicians
and improving their skills in providing mental health care.
Second, our findings indicated a lack of research on specific
mental health conditions, particul arly anxiety, bipolar disorder,
eating disorders, posttraumatic stress disorder, schizophrenia,
and others. Therefore, future research on the implementation
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of advanced GAI should prioritize and invest more resources
into exploring and understanding such mental disorders. Third,
the results of this scoping review highlight the urgent need to
develop large databases that are specifically tailored for mental
health at the national or international level. Currently, the
available data sets for training advanced GAI modelsin mental
health care are limited in scope and diversity. The development
of large databases can help minimize biases and improve the
generdizability and accuracy of Al-generated recommendations
and interventions in mental health care. Fourth, this scoping
review indicates the necessity of developing advanced GAl
tools that incorporate different modes of generation. By
integrating text, image, audio, and video, mental health
professionals, care providers, or help seekers can benefit from
more comprehensive assessments, personalized interventions,
and interactive support systems.

Practical Implication

GAI indeed offers substantial potential within the mental health
care landscape, but this promising territory requires cautious
navigation. Instead of relying on GAIl systems, such as
ChatGPT, recognizing the diverse applications of GAIl and
tailoring practices to specific use cases is essentia for
maximizing its benefits across the mental health area.

Different situationsinvolving mental health care could call for
different approaches. A hybrid digital therapeutic approach,
wherein GAl enhances human capabilities, might be the most
appropriate in some use cases. For instance, to improve patient
engagement and customize treatment planning, mental health
providers could incorporate Al-generated content, such as
images or music, into therapy sessions asan additional resource.
In contrast, there are some circumstances in which an Al-led
approach to mental health care may be more successful since
GAI takes amore active part in monitoring the mental states of
help seekers, assists doctors in screening, and offers rea-time
interventions when necessary. The situation-sensitive
incorporation of GAI into the field of menta health care can
empower mental health providers to adapt and optimize their
use of GAI tools, achieving a balance between technological
support and the “human touch.” Therefore, it is important to
find a balanced and ethical way to integrate GAl technologies
into mental health care, leveraging their benefitswhile avoiding
potential pitfallsrelated to oversimplifying or mechanizing care
practices.

Limitations

Thisstudy haslimitations. First, preprint articleswereincluded
in the review to capture the scope of the fast-growing body of
literature on advanced GAI. Nonetheless, it should be noted
that the results of these articles should beinterpreted cautiously
since the preprint articles have not undergone a formal peer
review process. In addition, gray literature released by notable
academic institutionswas also included to identify applications
of advanced GAIl for mental heath and other unique use
scenarios not covered by peer-reviewed or preprint articles.
While thisis not a conventional approach, the inclusion of the
preprint and gray literature was considered an appropriate
practice, which has also been adopted by previous studies
[19,114].
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Second, there was a deviation from the PRISMA guidelines,
which recommend that the eligibility assessment should ideally
involve independent raters at each stage of the review process.
However, in this review, a single reviewer assessed the study
titlesor abstracts, and then adifferent single reviewer evaluated
thefull text of the studiesincluded based on thetitle or abstract
to determine dligibility based on thefull text. Although thiswas
due to the exploratory nature of our scoping review, which
aimed to map the breadth of literature rather than provide a
guantitative synthesis of study results, it may still increase the
possibility of selection bias. However, it is a'so worth noting
that while independent assessment by multiple reviewers is
ideal according to PRISMA guidelines, practical constraints
such as limited resources or time constraints may sometimes
necessitate deviations from this standard practice. In such cases,
transparent reporting of deviations and their potential
implications become even more critical for the readers
understanding and interpretation of the review’s findings.

Third, this study aims to provide a basic understanding of the
role of advanced GAIl in mental health care by exploring the
key use cases of advanced GAl models rather than a thorough
assessment of specific GAl approaches. Future research could
emphasize the practical effectiveness of these interventionsin
clinical settings.

Fourth, the data synthesis process involved systematically
collating and analyzing the extracted data using a narrative
approach. This allowed the researchers to categorize and
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describethe GAI studies based on variousdimensions, providing
insights into the state of research in this field. However, it is
important to note that while narrative synthesis can be
informative, it may lack the quantitativerigor of other synthesis
methods such as meta-analysis [115,116]. Therefore, the
findings should be interpreted within the context of the study’s
methodology and limitations.

Conclusions

This study provides insights into the present status of GAI use
in mental health care research and highlights the potential
aspects that can guide future research, practical applications,
development, and policy making within this domain. Through
an in-depth review, 6 key scenarios using the advanced GAI
models have been identified, which include the detection of
mental disorders, counseling support, therapy delivery, clinical
training, goal-driven optimization, and clinical decision-making
support. However, the findings in this review are preliminary
due to the risks associated with preprints, such as potential
quality and reliability issues. Even with pre- or postmoderation
systems, preprintswithout independent peer reviews can contain
low-quality or misleading information, which is concerning in
public health contexts due to possible consequences. Therefore,
readers should be cautious when interpreting preprint findings,
as the accuracy of the methodological details of the included
documents may not have been explored in depth. Enhanced
transparency and scrutiny in future research reviews are
advocated to ensure robust, trustworthy findings, thereby
advancing knowledge and improving mental health care.
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Abstract

Background: Computational signal preprocessing is a prerequisite for developing data-driven predictive models for clinical
decision support. Thus, identifying the best practices that adhere to clinical principles is critical to ensure transparency and
reproducibility to drive clinical adoption. It further fosters reproducible, ethical, and reliable conduct of studies. This procedure
isalso crucial for setting up a software quality management system to ensure regulatory compliance in devel oping software as a
medical device aimed at early preclinical detection of clinical deterioration.

Objective:  This scoping review focuses on the neonatal intensive care unit setting and summarizes the state-of-the-art
computational methods used for preprocessing neonatal clinical physiological signals; these signals are used for the devel opment
of machine learning models to predict the risk of adverse outcomes.

Methods. Fivedatabases (PubMed, Web of Science, Scopus, | EEE, and ACM Digital Library) were searched using acombination
of keywords and MeSH (Medical Subject Headings) terms. A total of 3585 papers from 2013 to January 2023 were identified
based on the defined search terms and inclusion criteria. After removing duplicates, 2994 (83.51%) papers were screened by title
and abstract, and 81 (0.03%) were selected for full-text review. Of these, 52 (64%) were €eligible for inclusion in the detailed
analysis.

Results: Of the 52 articles reviewed, 24 (46%) studies focused on diagnostic models, while the remainder (n=28, 54%) focused
on prognostic models. The analysis conducted in these studies involved various physiological signals, with electrocardiograms
being the most prevalent. Different programming languages were used, with MATLAB and Python being notable. The monitoring
and capturing of physiological data used diverse systems, impacting data quality and introducing study heterogeneity. Outcomes
of interest included sepsis, apnea, bradycardia, mortality, necrotizing enterocolitis, and hypoxic-ischemic encephal opathy, with
some studies analyzing combinations of adverse outcomes. We found a partial or complete lack of transparency in reporting the
setting and the methods used for signal preprocessing. This includes reporting methods to handle missing data, segment size for
considered analysis, and details regarding the modification of the state-of-the-art methods for physiological signal processing to
align with theclinical principlesfor neonates. Only 7 (13%) of the 52 reviewed studies reported al the recommended preprocessing
steps, which could have impacts on the downstream analysis.

Conclusions: The review found heterogeneity in the techniques used and inconsistent reporting of parameters and procedures
used for preprocessing neonatal physiological signals, which is necessary to confirm adherence to clinical and software quality
management system practices, usefulness, and choice of best practices. Enhancing transparency in reporting and standardizing
procedures will boost study interpretation and reproducibility and expedite clinical adoption, instilling confidencein the research
findings and streamlining the tranglation of research outcomes into clinical practice, ultimately contributing to the advancement
of neonatal care and patient outcomes.
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Introduction

Background

Premature infants are those born at <37 weeks gestational age,
ranging from extreme preterm (23 weeks gestation) to late
preterm (37 weeks' gestation), and are defined as having very
low birth weight of <1500 g. These extremely prematureinfants
have a higher risk of death, and surviving infants are highly
proneto physical, cognitive, and emotional impairment [1]. The
patients usually have along length of stay, ranging from <10
to >120 days [2], in the neonatal intensive care unit (NICU),
where high-fidelity physiological changes are monitored to
observe their health status and signs of deterioration. During
thislong length of stay, alarge amount of datafrom infants are
generated and not typicaly electronically aggregated for
permanent storage [3]. With the advent of electronic health
records, relevant patient information is easily available for
advanced data analytics that can be used to improve health
outcomes. The records contain demographics, etiology,
pathology, medication, and physiology information.
Physiological changes are regularly monitored in preterm
infants, notably, electrocardiogram (ECG), oxygen saturation
(SpOy), heart rate (HR), respiratory rate, arterial blood pressure,
electroencephalography (EEG), and temperature. Some
advanced centers around the world have started linking the
information derived from the el ectronic health records datawith
the continuously monitored physiological information for
permanent storage, more frequently in lower resolution, which
facilitates various data analytics [4-6]. Compared with
intermittent assessment and review, continuous capturing and
analysis of the physiological data from the standard bedside
monitors alow for a better understanding of trends and have
been shown to improve outcomes of infantsin the NICU [5].

Clinical decision support systems (CDSSs) can integrate clinical
and physiological information to provide automated support in
patient care planning to facilitate the diagnostic process and
therapy planning, generate critical alerts and reminders, and
predict the risk of patient deterioration. CDSSs have the
potential for a positive impact in improving clinica and
economic measures in the headlth care system [7-9]. The
technological advancement that allowed storing big data, as
well asthe advancement of artificial intelligence (Al), hasgiven
rise to machine learning (ML)— and Al-based CDSSs aiming
to build data-driven models to predict adverse outcomes in
premature infants ahead of clinical diagnosistime [10-12].

The steps of building the ML pipeline to predict adverse
outcomes involve severa intermediate computational steps
using the physiological data, of which data preprocessingisthe
first indispensable step. Namely, in the NICU, physiological
signals are collected using a diverse range of devices, which
introduce a number of artifacts such as environmental artifacts

https://www.i-jmr.org/2024/1/e46946

(eg, device connection failure, equipment noise, electrosurgical
noise, and power line interferences); experimental or human
error dueto patient movement during dataacquisition, incorrect
or poor contact of the electrodes, and other contact noise; and
artifacts dueto muscle contraction, cardiac signals, and blinking
[13,14]. These noises distort signals and may adversely affect
model generalization capability and predictive power [10].

Although recently much progress has been made in building
ML models using neonatal physiological data, there are
limitations in the detailed reporting of the preprocessing
techniques of these signals [15], which in turn hinder the
reproducibility of the methods and results. In Al-powered
software as a medica device (SaMD), this is especidly
important as the implementation of a software quality
management system (QMS) is only possible by following the
best practices and adhering to relevant regulatory standards and
guidelinesfor medical devices, such as|1SO 13485, |EC 62304,
and |EC 82304-1. Beyond market access considerations, the
ongoing international discourse on the regulation of medical
softwareis specifically concentrated on Al and ML. Thisfocus
isaresponseto their growing applications, demanding increased
attention from regulatory bodies such as the Australian
Therapeutic Goods Administration and the US Food and Drug
Administration [16]. Thus, it is crucid to adhere to a
standardized protocol following clinical principles guided by
domain expertsand regulatory requirementswhile preprocessing
thesignalsand reporting these techniquesin detail; thisensures
the reproducibility of the methods, alowing transparency in
their clinical adoption.

Objectives

Asthefirst step in bridging the gap in their reproducibility for
clinical adoption, thisreview aimsto identify studies that used
computational methods to analyze premature infants
physiological signals for detecting adverse outcomes. The
review describes different tools and techniques used to
preprocess physiological signalsand provides recommendations
on what aspects need further detailsfor the clinical adoption of
the techniques. The remainder of the paper is organized as
follows: the Methods section explains the detailed search and
screening process, while the Results section begins with an
overview of the reviewed studies, followed by a detailed
analysis. The Discussion section highlights the key reporting
patternsidentified in thisreview along with their shortcomings
and provides recommendations for transparent reporting of
future studies asit allowsfor accurate reproduction of theresults
and makes them usable in the clinical setting [17]. A summary
of the work concludes the paper.
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Methods

Search Strategy

The database searches and study screening were conducted
following the recommendations of PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines [18] and the Centre for Reviews and Dissemination
guidance for undertaking reviewsin health care [19].

Database and Search Strategies

A systematic database search was conducted on 5 databases:
PubMed, IEEE, Web of Science, Scopus, and ACM Digital
Library. The keywords were categorized into four concepts,
which were then merged using the “AND” operator: concept
1—neonates or preterm infants, concept 2—vital signs or
physiological signals, concept 3—computational techniques or
signal processing; and concept 4—outcomes relating to
neonates. Within each of these concepts, a combination of
keywords and MeSH (Medical Subject Headings) terms were
used to conduct the search process. The keywords under each

Rahman et d

concept were combined by the “OR” operator. The searches
were limited to only the titles and abstracts. Table 1 shows the
list of keywords and Medical Subject Headings terms used to
search the database.

The search was done on January 9, 2023, and the publication
year of the papers was limited to 2013 to 2023. The reason for
choosing the 10-year range was to report on recent techniques
and tools, asthe devices and computational toolsused >10 years
ago may be obsolete. Scopus, Wiley Online Library, and Web
of Science have an additional filter for choosing the subject
area. This was used to restrict the subject areas to
multidisciplinary, engineering, computing, and statistics. This
was done to identify more papers on multidisciplinary areas
through these databases, as PubM ed coversall the major medical
and health informatics databases. The combination of the 5
databases ensured that all medical, information technology, and
multidisciplinary research paperswereincluded in the database
search. The search was restricted to English-language articles.
Finally, review articles were excluded from the search.

Table 1. List of keywords and MeSH (Medical Subject Headings) terms used to conduct the database search.

Concepts Search strategy

Concept 1: neonates or preterm babies
MeSH terms “Infant, Premature”

Keywords
care unit”

Concept 2: physiological signalsor vital signs
MeSH terms “Vital Signs’ OR “Physiology”

Keywords
OR “biomarker” OR “hrv”

Concept 3: computational techniques or signal processing

“premature” OR “preterm” OR “neonat*” OR “newborn” OR “infant” OR “nicu” OR “neonata intensive

“physiolog*” OR “ecg” OR “heart rate” OR “electrocardiography” OR “vital sign*” OR “physiomarker”

MeSH terms “Signal Processing, Computer-Assisted”

Keywords “signal *” OR “predict*” OR “detect*” OR “comput*”
Concept 4: outcomes

MeSH terms None

Keywords

“sepsis’ OR “mortality” OR “length of stay” OR “intraventricular hemorrhage” OR “hypoxi*” OR “ apnea’

OR “necrotising entercolitis’ OR “necrotizing entercolitis’

Screening and Study Selection

The initial screening of the databases led to 3585 papers. Of
these, 590 (16.46%) papers were manualy identified as
duplicates and excluded from the analysis. One paper was
identified as a duplicate by the automation tool and removed.
The remaining 2994 (83.51%) papers were subjected to title
and abstract screening using the Rayyan Intelligent Systematic
Review application (Qatar Computing Research Institute) [20].

Several inclusion criteria were set to select papers for full-text
review. The criteria are mentioned in Textbox 1.

After screening thetitles and abstracts, 81 articleswere selected
for full-text review; 29 (36%) papers were excluded during this
stage as they did not align with the inclusion criteria, leaving
52 (64%) papers eligible for detailed synthesis and analysis.

https://www.i-jmr.org/2024/1/e46946

The title and abstract screening was done by 1 reviewer, while
2 reviewersindependently checked for paper eligibility against
the inclusion criteria at the full-text review stage. When both
reviewerswere not in agreement on any papers, athird reviewer
assessed them to provide a final decision on the inclusion and
exclusion of the papers. Data charting was done using Microsoft
Excel, and the following variables were recorded in line with
related review papers[10,21]: title, year, journal, authors, digita
object identifier, data set, participant number, participant
demographic, signalsused, data set size, samplerate, other data
(if applicable), outcome metric, device software, programming
language, preprocessing methods, algorithms, other techniques,
features, models, model type, results (quantified), and key
findings. Data synthesis was done using a narrative approach
by summarizing findings based on the similarities in the data
sets and techniques used. The detailed search queries,
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bibliography files of all databases, all included papers, metadata
of al papers and metadata of all papers included for full-text

Rahman et d

review are provided in Multimedia Appendices 1-5 [22-73].

Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

Article type: articles must be peer-reviewed publications in ajournal, conference, or workshop
Data: articles must conduct an analysis on premature human infant data; articles must use physiological responsesin some form

Outcome: articles discuss applications relating to adverse neonatal outcomes such as mortality, length of stay, sepsis, necrotizing enterocolitis,
intraventricular hemorrhage, hypoxic-ischemic encephal opathy, apnea, bradycardia, and other poor health outcomes, also known as morbidity.
The disease outcomes were chosen based on the commonly researched outcome metric using preterm infant data and the search terms used in
McAdams et a [10] that investigated artificia intelligence and machine learning techniques used to predict clinical outcomes in the neonatal

intensive care unit

«  Language: English

Exclusion criteria

« Articletype: review papers are excluded

articles solely using demographic data for analysis were excluded

«  Language: any languages other than English

. Anaysis: articles reported some form of computational techniquesin their analysis

. Data: nonhuman data (eg, piglet infant data would not be considered); videos and images that do not look at the physiological responses and

«  Outcome: articles not focusing on these specified neonatal adverse outcomes were excluded

« Anaysis: articles that only reported responsesin their raw format were excluded

Results

Overview of the Included Studies

Figure 1 shows the full process of database search and study
selection using a PRISMA flow diagram.

Of the 52 selected articles, 24 (46%) studies focused on
diagnostic models, while the rest (n=28, 54%) focused on
prognostic models. Theseincluded journal articles (n=34, 65%),
conference articles (n=17, 33%) and a workshop article (n=1,
2%). The most prominent physiological signals analyzed were
ECG (n=36, 69%), SpO, (n=21, 40%), HR (n=16, 31%),
respiration (n=16, 31%), BP (n=6, 12%), EEG (n=4, 8%), and
temperature (n=3, 6%). While 8 (15%) studies used a
combination of programming languages; othersused MATLAB
(n=6, 12%), Python (n=6, 12%), and R software (n=1, 2%),
while the remaining studies (n=31, 60%) did not report what
language was used. Physiological datamonitoring and capturing
was done using a range of systems, which subsequently
impacted the sampling rate and quality of the data, thusleading
to heterogeneity of the studies. The most commonly used
devicesfor datacapturing were Phillips Intellivue MP20, MP70,
MP450, and M X800 machines [74] (n=14, 27%). Some other
notable devices and software were BedMaster Ex System [75],
NicoletOne EEG system [76], ixTrend, Phillips Data Warehouse
connect [77], and Vuelogger patient monitoring system. The
most commonly analyzed outcomes of interest were sepsis
(n=20, 38%), apnea (n=17, 33%), bradycardia (n=13, 25%),
mortality (n=7, 13%), and hypoxic-ischemic encephal opathy
(n=5, 10%). It should be noted that 14 (27%) of the reviewed
studies analyzed a combination of adverse outcomes.

https://www.i-jmr.org/2024/1/e46946

As the studies were found to be heterogeneous in their study
design and analysis techniques, a narrative approach was taken
to summarize the studies and their key findings. The studies
were grouped according to the homogeneity in terms of the data
sets used and sorted by the publication year. This approach was
inspired by the review article by Mann et a [78].

One of the noticeable patterns identified through the results
reported in Table 2 is that the groups publishing studies using
the same data set followed similar preprocessing techniques,
although not at every step. For instance, studies using the ECG
datafrom Cork University Maternity Hospital all used the same
algorithm for QRS complex detection. However, they were
diverse in their selection of filtering techniques and
segmentation duration. Furthermore, they systematically failed
to report detailed parameter settings for the QRS complex
detection. While the approach of using similar preprocessing
techniques helps maintain consistency to some extent, they do
not confirm adhering to clinical practicesidentified from domain
expert knowledge.

The QRS complex characteristics and RR interval sfor neonates
are different from those of adults and as such require an
appropriate adjustment for QRS detection algorithms. Thisis
a necessary first step for HR variability (HRV) analysis in
neonates. However, a review published on neonatal HRV by
Latremouille et a [15] reveadled that given a lack of clear
guidelines on neonatal vital signs and HRV analysis, several
studies followed HRV analysis guidelines for adults published
by the Task Force of the European Society of Cardiology and
the North American Society of Pacing and Electrophysiology
[79]. Our review found that 16 (44%) out of the 36 studies
analyzing ECG signals used the Pan-Tompkins algorithms for
QRS complex detection. The original implementation of the
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algorithm was based on the ECG characteristics of the adult
population and therefore was preprocessed accordingly. Only
4 (25%) of those 16 studies reported adjustment of the original
algorithm to adapt to neonates, of which only 2 provided specific
modification details. In the absence of detailed reporting on the
parameter settings, it is difficult to determine whether the
settings adhered to neonatal waveform morphol ogy. Incomplete
reporting and lack of transparency hinder the understanding of
the strengths and weaknesses of a study and limit its
reproducibility and usability. M oreover, transparent and detailed
reporting is required to confirm the adherence to regulatory
compliance and is crucial for the clinical adoption of these
methods.

Rahman et d

Similar to the QRS complex in ECG signals, the acceptable
ranges of physiological signals for neonates are also different
from those of the adult population. This review found that no
studies reviewed the acceptable ranges of the analyzed signals
against any published guidelines, which could pose several
limitations in the clinical adoption of the methods. This is
consistent with another review looking into physiological vital
sign ranges from 34 weeks gestational age, and it identified that
several studies reported the means of vital signs instead of
ranges, which makes the interpretation into clinical practice
difficult [80]. Here, we recommend clear reporting and the use
of physiological signal ranges that are clinically validated
through published studies and textbooks [81-83].

Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram for the database search and study selection.

https://www.i-jmr.org/2024/1/e46946
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Table2. Summary of the articlesreviewed in this study, grouped according to the homogeneity in terms of the data sets used and sorted by the publication

year.
Data set used Author, year Study settings Physiological signal  Signal processingand  Key findings
analyzed computational tech-
niques
National CHIME® Cohenand de Chazal  Participants: =288,  £cGC from single SpO, values<65% and  Eleven features were ex-
database [84] (22], 2013 datasize: NR”; mod-  channel at 100Hz, ~ changesin saturation  tracted fromthe signals. A
a: diagnostic; out- SpC)2d at 1 Hz @(()eeding 4% per sec- combi natlor_'l of features
come metric: sleep ond were discarded. from both signals resulted
apnea ECG QRScomplexwas N 88.8% accuracy, 94.3%
detected using the Pan-  Specificity, and 73.4%
Tompkinsalgorithm ~ sensitivity in detecting
[85] to generate RR in-  Sleep apnea
tervals. QRS complexes
were filtered using a
technique from Chazal
et al [86]. Filtered inter-
vals were time aligned
with SpO, using 30-
second epochs
CHIME Cohen and deChazal Participants; n=402;  ECG from single Actigraphy signalsarti- Fourteen featureswere ex-
[23], 2014 datasize: NR; model: channel at 100 Hz, fact rejection was done  tracted from thesignals. A
diagnostic; outcome  SpOjat 1Hz, actigra-  using the technique de-  linear discriminant classifi-
metric: sleep apnea phy signalsat 50 Hz ~ scribed by Lewickeet  er achieved an accuracy of
al [87]. SpO, vaues 74.1%, a sensitivity of
<65% and changesin ~ 82.0%, and aspecificity of
saturation exceeding ~ 60.9% in detecting sleep
4% per second were apnea
discarded. ECG data
were passed through a
QRS detection algo-
rithm (NR) to produce
RR intervals, which
were filtered using a
previously outlined
method [86]
CHIME Cohen and deChazal Participants; n=394;  ECG from single SpO, and ECG signals  Eleven features were ex-
[24], 2015 datasize: NR; model: channel at 100 Hz, weretime aligned to tracted from both signals.
diagnostic; outcome  SpO, at 1 Hz 30-second epochs. A linear discriminant
metric: sleep apnea SpO, values <65% and Model achieved 66.7% ac-
changesin saturation  curacy, 67% specificity,
exceeding 4% per sec- _and 58.1% sensitivity u;—
ond were discarded. ing featuresfrom both sig-
ECG QRScomplexde-  Nals
tected using the Pan-
Tompkins algorithm
[85] to generate RR in-
tervals. QRS complexes
werefiltered using a
technique from Chazal
et al [86]
PICS® database Geeetal [26],2016  Participants, n=10; 3-lead ECG at 500 RRintervalsfromECG Bradycardia severity esti-
[25,88] data size: ~20-70 Hz, respiration signal  were extracted usinga  mation accuracy wasim-

hours each; model: di-
agnostic; outcome
metric: bradycardia

a 50 Hz

modified Pan-Tomp-
kins a gorithm (modifi-
cation details NR).
Analysiswasdoneona
3-minute window be-
fore each bradycardia.
No processing was re-
ported for respiration
signals

proved by an average of
11% using a point process
model of heart rate and
respiration
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Study settings

Physiological signal
analyzed

Signal processing and
computational tech-
niques

Key findings

Data set used Author, year

PICS Geeet a [25], 2017
PICS Daset a [27], 2019
PICS Mahmud et al [28],

2019

Participants, 10; data
size: ~20-70 hours
each; model: prognos-
tic (+116 seconds);
outcome metric:
bradycardia

Participants; n=10;
datasize: ~20-70
hours each; model:
prognostic (timeNR);
outcome metric:
bradycardia

Participants; n=11;
data size: ~20-70
hours each for 10 and
10 weeksfor 1 partici-
pant; model: prognos-
tic (time NR); out-
comemetric: bradycar-
dia

3-lead ECG at 500
Hz, respiration signal
at 50 Hz

3-lead ECG at 500 Hz

3-lead ECG at 500 Hz

RRintervalsfrom ECG
were extracted using a
modified Pan-Tomp-
kinsalgorithm (modifi-
cation detailsNR). The
artifacts, due to move-
ment, disconnection, or
erroneous peaks, were
removed by visual in-
spection. No processing
wasreported for respira-
tion signals. Additional
analysison the frequen-
cy content of the RR
time series was done
using Morlet wavel et
transform [89]

Baseline wander was
removed using a high-
pass filter with a cutoff
frequency between 0.5
and 0.6 Hz. Motion and
disconnection artifacts
wereremoved by visual
inspection. QRS com-
plexes were detected
using Pan-Tompkins
algorithm [85]. Signals
were segmented 5 min-
utes before and 2 min-
utes after abradycardic
event

QRS complex was de-
tected using an algo-
rithm (NR). RR inter-
vals were calculated
from the detected peaks

A point process mod-
el—based prediction algo-
rithm achieved a mean
AUROC' of 0.79 for >440
bradycardic events and
was able to predict brady-
cardic events on an aver-
age of 116 seconds before

onset (FPR9=0.15)

Nonparametric modeling
using kernel density estima-
tion achieved a5% false
darmratein predicting the
onset of bradycardiaevents

Time and frequency do-
main featureswere extract-
ed. An extreme gradient
boosting model achieved
an average AUROC of

0.867. HRV" results
showed asignificant varia-
tion between a healthy in-
fant and an infant proneto
bradycardia
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Data set used Author, year Study settings Physiological signal  Signal processingand  Key findings
analyzed computational tech-
niques
PICS Geeetad [29],2019  Participant, n=10; data 3-lead ECG at 500 Respiration signals An autoencoder-prototype

MIMIC-III' database
from Beth Israel Dea-
coness Medical Cen-
ter [90]

MIMIC-I11

MIMIC-I11

Song et a [30], 2020

Baker et al [31], 2021

Juraev et al [32], 2022

size: ~20-70 hours
each; model: diagnos-
tic; outcome metric:
bradycardia, apnea of
prematurity

Participants: 2819 (21
sepsis, 2798 control);
datasize: NR; model:
prognostic (+48
hours); outcome met-
ric: sepsis

Participants, n=179
for 3-day and n=181
for 14-day model; da-
tasize, NR; model:
prognostic (+3 days);
outcome metric: mor-
tality

Participants; n=3133;
data size: 24 hours
from each; model:
prognostic (timeNR);
outcome metric: mor-

tality and LOS°®

Hz, respiration signal
at 50 Hz

HR!, SBP* DBP,

MBP™, SpOy, respira-
tion, temperature, oth-
er (sampling rate NR)

HR, respirationsignal,
sampled hourly

HR, respiration signal,
SpO,, BP, tempera
ture (sampling rate
NR)

were clipped into 60-
second segments and
normalized to 0-mean,
unit variance. RR inter-
vals from ECG signals
were extracted using a
Morlet wavelet transfor-
mation. An open-source
peak finder (name NR)
was applied to the
wavelet scale ranging
from 0.01 to 0.04,
which isrelated to the
QRS complex forma-
tionin the spectrogram.
ECG signals were seg-
mented to 15 seconds
with the event in the
middle. The segments
were bandpassed fil-
tered from 3 to 45 Hz,
scaled to O-mean unit
variance, and scaled to
the median QRS com-
plex amplitude. Wave-
formswere visualy in-
spected to remove seg-
ments with no distin-
guishable QRS complex
or respiratory peaks

Data quality was as-
sessed by missing value
filter and 3-sigmarule.
The final observation
carried forward was ap-
plied to vital signs not
meeting data quality.
Zero imputation was
performedif calculation
could not be performed
(eg, divided by 0)

Values <0 and flatline
cases were eliminated

Missing datawerefilled
by forward and back-
ward filling, using the
mean value. For partici-
pants >24 measure-
ments, they were re-
duced by taking the av-
erage of the nearest
records. For <24 mea-
surements, values were
generated using filling
algorithm

model was proposed,
which achieves 93.1% (SD
0.4%) accuracy in predict-
ing bradycardiaand 82.3%
(SD 3.8%) accuracy in
classifying apnea

Severa statistical features
were extracted at 3-, 6-,
12-, and 24-hour window.
Linear model, naive Bayes,
decision tree, ensemble
method, and neural net-
work modelswere evaluat-
ed. The AUROC of the 48-
hour prediction model
achieved 0.861 and that of
the onset detection model
was 0.868

Severa statistical features
were extracted from the

signals. CNN-LSTM"
model using a 3-day
scheme achieved AUROC
of 0.9336 (SD 0.0337)
across 5-fold cross-valida-
tion

A dynamic ensemble
KNNP method reached
0.988 (SD 0.001) F1-score
in mortality classification.
Voting of static ensemble
regression models
achieved an RMSEY of

12.509 (SD 0.079) inLOS
prediction
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Data set used Author, year Study settings Physiological signal  Signal processingand  Key findings
analyzed computational tech-
niques
University Hospitals ~ Ghahjaverestanetal  Participants; n=32; Onelead ECG at 400 Basdineand noiseof A Kalman-filter—based
in France [33], 2015 datasize: 105 seg- Hz and respiration 50 Hz were removed method achieved sensitivi-
ments of ECG with signas(samplingrate fromECGsignas, QRS ty and specificity of
250 secondsduration; NR) complexesweredetect- 94.74% and 94.17%, re-
model: diagnostic; ed using Pan-Tompkins  spectively, in predicting
outcome metric: ap- agorithm[85]. RRinter-  apnea-bradycardia
nea- bradycardia vaswerefurther down-  episodes
sampled to 10 Hz for 1
prediction model
University Hospitals ~ Navarro et a [34], Participants; n=51; Respiration signalsat  Freguency content >32 14 features, computed in
in France 2015 datasize: testing co-  400Hz, downsampled Hz from breathing sig-  10-second dliding excerpts,
hort mean dura- to 64 Hz nalswasremovedusing were extracted from the
tion—2.4 hours; mod- aseventh-order Butter-  breathing signals. A logis-
el: diagnostic; out- worth low-passfilter.  ticregression classifier au-
come metric: sepsis After rejecting artifacts tomatically rejectsartifacts
due to gross move- to 86% sengitivity and
ments, afourth-order  specificity, which is used
Butterworth filter with  inthe proposed framework
acutoff frequency be-  for neonatal sepsis detec-
tween 0.5 and 20 Hz tion
was applied. Smoothing
filtering using an SG'
filter [91] was applied.
A smple extremadetec-
tor isthen applied to
detect respiratory cycles
University Hospitals ~ Ghahjaverestanetal  Participants; n=32, ECG at 400 Hz. Syn- Baselineand noiseof A cHMMS achieved
in France [35], 2016 datasize: real (236 theticsignalsat 10Hz 50 Hz were removed 95.74% sensitivity and

University Hospitals
in France

Ledn et &l [36], 2021

segments Synthetic) fromECG signalsusing 91 88v specificity in de-
200 sequences of 400 acombination of low-  tecti ng apnea-bradycardia
seconds; model: diag- pass and notch filters;  epjsodes, with a detection
nostic (0.59-second QRS complexeswere  gelay of —0.59 seconds

delay); outcome met-
ric: apnea-bradycardia

Participant, n=49; data
size: NR; model:
prognostic (+6 hours);
outcome metric: sep-
sis

ECG at 500 Hz

detected using Pan-
Tompkins algorithm
[85]. Three features
were extracted using a
wavel et-based beat de-
lineator [92]. Features
were transformed to 10
Hz using interpolation
(technique NR)

RR intervals were de-
tected using modified
Pan-Tompkins algo-
rithms, and filter coeffi-
cients were adapted for
newborns [93]. A dlid-
ing window of 30 min-
utes, with no overlaps,
was applied to extract
HRV parameters from
the RR time series. 30-
minute segmentswith a
maximum RR >1 sec-
ond or aminimum RR
of <0.19 seconds were
excluded,

Time, frequency, and non-
linear featureswere extract-
ed from the HRV parame-
ters. A logistic regression
model using visibility
graph features achieved
0.877 AUROC in predict-
ing sepsis 6 hours before
the start of antibiotics
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Data set used Author, year Study settings Physiological signal  Signal processingand  Key findings
analyzed computational tech-
niques
University Hospitals  Lednet al [37], 2021 Participants; n=259; ECG at 500 Hz RRintervalswerede-  Time, frequency, nonlin-
in France datasize: NR; model: tected using modified  ear, and visibility graph
prognostic (+6 hours); Pan-Tompkins algo- features were extracted
outcome metric: sep- rithms and filter coeffi- fromthe HRV parameters.
sis cients were adapted for - Ay RNNt mode achieved
neonates [93]. RRtime 5 904 AUROC in predict-
serieswere extracted g sepsis 6 hours before
and segmented int0 5~ the time of infection and
minute segments. The 58004 accuracy 24 hours
S-minuteperiodscorre-  pefore the onset of infec-
sponding to 30 continu- o
ous minutes were
grouped by calculating
the median of each cor-
responding HRV fea-
ture
University Hospitals  Doyenetal [38],2021 Participants; n=52; 3-leadECGat 300Hz QRS complexeswere A highrate of falsealarms
in France data size: 8 hours of detected using amulti- (64%) wasobservedinred
recording from each; feature probabilisticre-  life. The proposed optimal
model: diagnostic al-time detector [93] decentralized fusion of 3
(+2.9-second delay); detection methods had a
outcome metric: significant detection delay
bradycardia of 2.9 seconds, sensitivity
of 97.6% and false dlarm
rate of 63.7%
University Hospitals ~ Sadoughi et al [39],  Participants, n=32; Onelead ECG at 400 Thesamepreprocessng A proposed layered
in France 2021 datasize: 233 Hz techniques asreported  viMY mode achieved
episodes with adura- in Ghahjaverestaneta 97,1494 (SD 0.31%) accu-
tion of 21.48 (SD [35]. QRS complexes racy in detecting apnea-

Cork University Ma-
ternity Hospital

Ahmed et al [40],
2015

16.07) seconds; mod-
el: diagnostic (+5.05-
second delay); out-
come metric: apnea-
bradycardia

Participants: NR; data
size: 54 1-hour
recordings; model: di-
agnostic; outcome
metric: HIE

2-lead ECG, EEGY
(sampling rate NR)

were identified using
Pan-Tompkins method
[85]. The RR time se-
rieswereuniformly up-
sampled to 10 Hz using
alinear interpolation
technique

Artifactsweremanually
removed. R-peaksfrom
raw ECG signals were
extracted using Pan-
Tompkinsmethod [85].
Thetiming of the peaks
was adjusted and uni-
formly sampled to 256
Hz using Hermite
splinequadratic interpo-
lation. Then, HRV fea-
tures were extracted
from a 1-minute win-
dow with 30-second
overlap using the nor-
malized RR interval

bradycardia episodes, with
adetection delay of —-5.04
(SD 0.41) seconds

Seven time and frequency
domainHRYV featureswere
extracted. A Gaussian su-
pervector approach with
SVMW achieved 0.81 AU-

ROC in classifying HIEX
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Data set used

Author, year

Study settings

Physiological signal

Signal processing and

Key findings

analyzed computational tech-
niques
Cork University Ma=  Temko et a [41], Participant, n=38; data ECG andvideo EEG The 1-hour EEG seg- AnSVM classifier using a
ternity Hospital 2015 size: 1 hour of EEG  at 256 Hz ments were downsam-  subset of 9 EEG, 2 hours,
and ECG recordings pledto 32 Hzwithan  and 1 clinical feature

Cork University Ma-  Lloyd et a [42], 2016

ternity Hospital

Cork University Ma-  Semenovaet al [43],

ternity Hospital

2018

from each; model: di-
agnostic; outcome
metric: HIE

Participant, n=43; data
size: mean recording
duration 41 hours 40
minutes, model: diag-
nostic; outcome met-
ric: future adverse
outcome in infants

Participants, n=35
with 23 used; data
size: 824 hours; prog-
nostic (timeNR); out-
come metric: short-
term adverse outcome

EEG at 256 Hz, SpO,

andHR at 1 Hz

ECG at 256 or 1024

Hz, BPat 1 Hz

antialiasing filter set to
16 Hz. Thefiltered
EEG was segmented
into a 60-second epoch
with no overlap. QRS
complexes from ECG
signals were extracted
using the algorithm re-
ported in [94]. There-
sulting peaks were
manually inspected to
correct ectopic beats or
mark artifacts. Then,
signalswere segmented
into 60-second epochs

EEG recordings were
visually checked for
quality, and poor-quali-
ty data were discarded.
1-hour epochs of EEG
at 12 and 2 hours of age
were then extracted
from each recording. 1-
hour epochs of HR and
SpO, were extracted at
12- and 24-hour time
point.

Diastolic and systolic
pressures every second
were used to calculate

MAPY. ECG signals
were segmented to
nonoverlapping 5-
minute epochs. QRS
complexeswere extract-
ed by the Pan-Tomp-
kins method [85]. Ab-
normal RR intervals
were corrected by mov-
ing average. Periods of
clear movement of arti-
facts were automatical-
ly discarded (method
NR)

achieved 87% AUROC
and 84% accuracy in pre-
dicting HIE

A logistic regression mod-
el predicted a 2-year poor
outcome with an AUROC
of 0.83

Fifteen time, frequency,
and nonlinear features
were extracted from HRV.
An XGBoost decision tree
using all features achieved
an AUROC of 0.97 in pre-
dicting short-term out-
comes in infants
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Data set used

Author, year

Study settings Physiological signal

Signal processing and

Key findings

analyzed computational tech-
niques
Cork University Ma  Semenovaet al [44],  Participants;, n=43 ECG at 256 or 1024  DBP and SBP every Time, frequency, and non-
ternity Hospital 2019 with 23 used; data Hz,BPat 1 Hz second were used to linear featureswere extract-
size: total 831 hours; calculate MAP. Seg- ed from HRV. An XG-
prognostic (timeNR); mentswith MAP<10  Boost decision tree using
outcome metric: 5 ad- mm Hg werediscarded asingle HRV feature
verse outcomes dueto disconnection of  achieved 0.87 AUROC,
the pressure transducer  while multiple features
or movements. The reached 0.97 AUROC in
MAP was segmented  predicting adverse out-
into 1-hour windows. ~ comes
Values outside 3 SD
were discarded. ECG
signalswere segmented
into nonoverlapping 5-
minute epochs. QRS
complexeswereextract-
ed using the Pan-
Tompkins method [85].
ECG signal was band-
pass filtered with 4-30-
Hz cutoff frequency.
Abnormal valuesof RR
intervalswere corrected
by the moving average
filter
Méxima Medical Joshi et a [45], 2020  Participants; n=49; ECG at 250 Hz, C1% Respiration waveforms  Twenty-two features were
Center NICU? datasize: ~144 hours 4 g2 5 Hz were bandpass filtered  extracted from the signals.
each; model: prognos- between 0.45and 1.45 A naive bayes classifier
tic (+0-24 h); outcome Hz. QRS complexes reached up to 0.78 AU-
metric: sepsis from ECG wereextract- ROC and 3 hours leading
edusingaDT- up to sepsis
CWT®_pased method

Méaximamedical Cen-
ter NICU

Varisco et al [46],
2021

ECG at 240 or 250
datasize: ~570 hours; Hz, Cl at 60 or 62.5
model: prognostic (+6 Hz, SpO, at 0.50r 1
hours); outcome met- Hz

ric: central apnea pre-

ceding late-onset sep-

sis

Participants; n=20;

described in [95].
IBIS™ were detected
from the CI signal
peaks using an algo-
rithm (NR). Features
were extracted from ev-
ery 3-hour data

A filtered respiration
signal without cardiac
artifacts was generated
using agorithmsreport-
edinstudiesby Leeet
al [96], Mohr et al [97],
and Vergales et al [98].
Stepsinclude Fourier
transformation and inte-
ger frequencies filtered
out, then resampled to
60 Hz and high-pass
filtered with a cutoff
frequency of 0.4 Hz,
and alow-pass filter
with avery low cutoff
frequency optimized to
fit apneaannotations by
clinical experts (value
NR)

An optimization of the al-
gorithm was proposed to
detect central apnea, which
achieved 90.5% recall,
19.7% precision, and
30.8% F-score
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Data set used

Author, year

Study settings

Physiological signal
analyzed

Signal processing and
computational tech-
niques

Key findings

Maximamedical Cen-
ter NICU

Méaxima Medical
Center NICU

Méaxima Medical
Center NICU

Cabrera-Quiros et a
[47], 2021

Varisco et al [48],
2022

Peng et al [49], 2022

Participants; n=64;
datasize: NR; model:
prognostic (+3 hours);
outcome metric: sep-
sis

Participants; n=20;
datasize: 960 hours of
data from 20 infants,
7818 event extracted;
model: diagnostic;
outcome metric: cen-
tral apnea

Participants, n=128;
data size: ~24 hours
each; model: prognos-
tic (+24 hours); out-
come metric: sepsis

ECG at 250 Hz, Cl at
62.5Hz

ECG at 250 Hz, Cl at
62.5Hz, SpOyat 1 Hz

ECG at 250 Hz

QRS complexes from
ECG wereextracted us-
ing a DT-CWT—based
method described the
same as Joshi et al [45].
Cl signal wasfiltered to
remove cardiac arti-
facts, and peaks were
detected using methods
similar tothosein previ-
ous works (NR). Fea-
tures were extracted
from every 1-hour sig-
nal

QRS complexes were
detected using the same
method as reported in
Joshi et al [45] and
Cabrera-Quiros et a
[47]. From ECG, SII®@
was cal culated by apply-
ing a bandpass filter
(0.001-0.40 Hz) using
10-second segments
and then computing a
kernel density estimate
toreturn patient motion
measurement every
second. RR intervals
were resampled at 250
Hz. Cl signal was pro-
cessed using the
method by Redmond et
al [99] to calculate

RRE®. No preprocess-
ing was done on SpO,.
Each feature was ex-
tracted using 30-second
windows. z score nor-
malization was applied
to the feature matrix

QRS complexes from
ECG were extracted us-
ing aDT-CWT-based
method described by
Rooijakkers et al [95].
RR intervals from the
complexesweredivided
into nonoverlapping 1-
hour segments. The
segments were cen-
tered, and missing val-
ues in the segments
werefilled by zero
padding on the 2 ends

Time domain featureswere
extracted from HRV.
Classification using a
combination of all features
and logistic regression
model reached a mean ac-
curacy of 0.79 (SD 0.12)
and mean precision of 0.82
(SD 0.18), 3 hours before
the onset of sepsis

47 features were extracted
from the vitals. A logistic
regression model achieved
0.9 AUROC in detecting
central apnea

A ResNet-based neural
network, DeepL OS, was
proposed, which achieved
a0.72 Fq-scorein predict-
ing late-onset sepsis
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Data set used

Author, year

Study settings

Physiological signal
analyzed

Signal processing and
computational tech-
niques

Key findings

Méaxima Medical
Center NICU

Royal Infirmary of
Edinburgh NICU

Royal Infirmary of
Edinburgh NICU

Kasturba hospital

Peng et a [50], 2022

Stanculescu et al [51],
2014

Stanculescu et a [52],
2014

Shirwaikar et a [53],

NICU, Manipd, India 2016

Kasturba hospital

Shirwaikar et al [54],

NICU, Manipal, India 2019

Participants; n=127,
data size: ~48 hours
each; model: prognos-
tic (+6 hours); out-
come metric: sepsis

Participants; n=24;
data size: 30 hours
each; model: prognos-
tic (+3-6 hours); out-
come metric: sepsis

Participants; n=24;
data size: 540 hours,
model: diagnostic;
outcome metric: sep-
sis

Participant: NR; data
size: 229 examples;
model: diagnostic;
outcome metric: ap-
nea

Participants; n=367
(315 used); data size:
NR; model: diagnos-
tic; outcome metric:
apnea

ECG at 250 Hz, Cl at
62.5Hz

ECG-derived HR,

PR (sampling rate
NR)

ECG-derived HR, PR
core and peripheral
temperature and SpO,
atlHz

HR (sampling rate
NR)

ECG (sampling rate
NR)

QRS complexes from
ECG wereextracted us-
ing a DT-CWT—based
method described in
[95]. CI signal wasfil-
tered to remove cardiac
artifacts (method NR).
Peakswere detected us-
ing the method reported
by Leeet a [96]. Sl
was calculated from
ECG and CI waveforms
using a CWT-based
method, as reported by
Zuzarteet a [100]. Sig-
nals were divided into
1-hour-long nonoverlap-
ping segments. Features
were calculated in both
1-hour segments and 5-
minute subsegments

An extension of the
forward-backward algo-
rithm [101] is devel-
oped for missing data
inference

An automated oximeter
error detection algo-
rithm was applied on
the basis of the method
described by Stancules-
cu et a [51]. Rows
containing missing data
on the observation ma-
trix aresetto O

Visualization technique
was applied to identify
issuesin data. Missing
values were not treated
due to low percentage.
For categorical features,
Owasadded for missing
vaues. Minimum-maxi-
mum normalization and
z score normalization
were done

No preprocessing tech-
niqueswerereported on
the raw signals. Obser-
vations with missing
featureswere discarded.
Other features (continu-
ous values) that had
missing values were
converted to discrete
with the addition of the
group name “not
known”

60 Featureswere extracted
from the signals. An XGB
model using the features
achieved an AUROC of
0.88 in predicting late-on-
set sepsis 6 hours preced-
ing the onset.

An autoregressive HMM
model achieved up to 0.80
AUROC in predicting sep-
sis

AnHSLDS® was able to
predict sepsiswith up to
0.65 Fq-score

An RF model using HR
features achieved 0.88 ac-
curacy and 0.72 K in detect-
ing apnea

Statistical features were
extracted from the signals.
A Multilayer Perceptron
model and a deep autoen-
coder model reached 0.82
and 0.83 AUROC, respec-
tively, in detecting apnea
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Data set used Author, year Study settings Physiological signal  Signal processingand  Key findings
analyzed computational tech-
niques
University of Mas- Williamson et al [55], Perticipants; n=6; data ECG, SpO,, respirator  |Bls were extracted Features were extracted

sachusetts Memorial
Healthcare NICU

Jackson Memorial
Hospital NICU

Montreal Children’s
Hospital

University of Alaba-
maat Birmingham

2013

Schiavenato et a [56],
2013

Rubles-Rubio et al
[57], 2014

Amperayani et a [58],
2017

size: ~5-8 hours for
each patient; model:
prognostic (+5.5 min-
utes); outcome metric:
apnea

Participants; n=20;
datasize: 1186 min-
utes; model: diagnos-
tic; outcome metric:
periods of high dis-
tressor pain

Participants; n=24;
datasize: 9.0(SD 2.2)
hoursfor each; model:
diagnostic; outcome
metric: apnea

Participants; n=18;
data size: 24 hours
each; model: prognos-
tic (+23 hours); out-
comemetric: bradycar-
dia, hypoxemia

signal, pulse plethys-
mogram (sampling
rate NR)

ECG at 1000 Hz

SpOy, RIP? (sampling
rate NR)

ECG at 500 Hz and
HRat 1Hz

from abdominal respira-
tory movements
(method NR), and RR
intervalswere extracted
from ECG signals
(method NR). Physical-
ly implausible 1Bl and
RRinterval valueswere
automatically removed
(range NR). Vaues
were resampled to 10
Hz using shape-preserv-
ing piecewise cubic in-
terpolation. Signals
were then log trans-
formed and converted
to 0 mean, unit variance

Pan-Tompkins algo-
rithm [85] was modi-
fied to detect QRS
complexes. ECG was
filtered using a band-
passfilter with a16-26-
Hz cutoff frequency. A
low-pass filter by an
order 120 FIR® filter
with acorner frequency
of 25 Hz and a high-
pass filter by an order
160 FIR filter with a
corner frequency of 25
Hz were applied. Then,
apolynomidl filter of
order 21 was applied as
the differentiator filter.
Finally, a111-order
moving average filter
was used, and QRS
complex was detected
using an adaptive
threshold. Lomb-Scar-
ole LM S spectral esti-
mation [102] was used
for missing and irregu-
lar RR intervals

Signals were low-pass
filtered with a cutoff
frequency of 10 Hz,
with an 8-pole Bessel
antialiasing filter digi-
tized and sampled at 50
Hz

HR datawere converted
to interbeat RR inter-
vasusing RR=60/HR.
No processing on ECG
signals was reported

fromall signals. A GMM3
model reached 0.8 AU-
ROC in predicting apnea

The proposed framework
provided real-timeanaysis
and HRV extraction to
identify the characteristics
correlated to periods of
high distress or pain

A linear Gaussian discrim-
inant classifier detected the
episodeswith a0.73 prob-
ability of detection and
0.22 probability of false
darm

A point process model us-
ing RR intervals showed a
strong correlation with
bradycardia events and a
modest correlation with
hypoxemia events
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Data set used Author, year Study settings Physiological signal  Signal processingand  Key findings
analyzed computational tech-
niques
Monash Children’s Hu et al [59], 2018 Participants; n<80; HR, SpO,, respiration Datawere scaled down  Features were extracted

Hospital NICU, Aus-
tralia

University of Virginia Sullivan et a [60],

and ColumbiaUniver-
sity NICU

9NICUsinthe United
States

Children’s National
Hospital, Washington

2018

Zimmet et a [61],
2020

Kotaet a [103], 2020

datasize: 407 patient-
day; model: prognos-
tic (+24 hours); out-
come metric: sepsis

Participants; n=78;
datasize: NR; model:
prognostic (+12
hours); outcome met-
ric: death, sIVH®" (se-
vere), BPD®, treated
ROP, # |ate-onset

sepsis, and NECH

Participants; n=2989;
datasize: 121 data
points per infant;
model: prognostic (+2
days); outcome met-
ric: mortality, sepsis

Participants; n=95;
data size: median
recording duration of
75.78 hours; model:
diagnostic; outcome
metric: HIE

signa at 1 Hz

HR, SpO, at 0.5 Hz

HRC®index from
ECG

EEG at 200 or 256 Hz

to 1 record per minute.
Data blocks with in-
valid valueswere del et-
ed. Then, the dliding
window was set to 60
minutes to feed to the

ML models

Infantswith <6 hours of
datawithin 12 hours of
birth were discarded.
Cross-correlation of HR
and SpO, was calculat-
ed over 10-minutewin-
dowsusingthe XCORR
function of MATLAB
with alag time of —30
to +30 seconds

Infants with missing
dataon either end of the
total duration were ex-
trapolated to the win-
dow edge by repeating
themost proximal HRC
index values. Interior
missing values were
updated using linear in-
terpolation. A fifth-or-
der B-spline with
equally spaced knots
was used to capturein-
formation from indepen-
dent samples (HRC in-
dexes 12 samples apart)

ECG contamination
from EEG was detected
using the method de-
scribed by Govindan et
al [104]. EEG signals
with amplitude>500 pv
or SD<0.01 pVv were
discarded as artifacts.
Thevolume conduction
wasattenuated by calcu-
lating the global aver-
age of EEG voltages
from all electrodes and
subtracting the global
average from the EEG
va ue of every electrode
in the frequency do-
main [62]. The values
were then transformed
to the time domain for
spectral analysis. EEG
was segmented into 10-
minute nonoverlapping
artifact and seizure-free
epochs. Spectral analy-
siswas done using a
Welch periodogram ap-
proach [105,106] using
3-second epochs

fromall signals. A gradient
boosting decision tree
achieved up to 0.97 AU-
ROC and 0.92 weighted
F1-score in patient-based
cross-vaidation in predict-
ing sepsis

A POPSY was devel oped
and fitamultivariate logis-
tic regression model,
which performed well in
predicting death, sIVH,
and BPD, but not tROP,
sepsis, and NEC

Anunsupervised ensemble
of clustering techniques
was proposed to cluster in-
fantsto different levels of
risk

EEG delta power was
identified to be a crucia
biomarker for predicting
neonates with HIE who
died with those who sur-
vived
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Data set used Author, year Study settings Physiological signal  Signal processingand  Key findings
analyzed computational tech-
niques
Akbar Abadi Hospital Mirniaetal [63],2021 Participants; n=5; data ECG at 200 Hz RRintervaswerecacu- Features were extracted
NICU, Iran size: ~24 hours each; lated from ECG using  from HRV. HeRO model
model: diagnostic, HeRO™ modd was tested using this data

St Louis Children’s
Hospital NICU

Leeet a [64], 2021

University of Virginia Sullivan et al [65],

Children’s Hospital,
Morgan Stanley Chil-
dren’s Hospital, and
St Louis Children’s
Hospital

2021

outcome metric: sep-
sis

Participants, n=275;
datasize: 4,01,33,460
data points; model:
prognostic (+6 hours);
outcome metric: mor-
tality

Participants, n=408,
(266 used); data size:
NR; model: diagnos-
tic; outcome metric:

sepsis

HR, respiration signal
and SpO, at 1 Hz

HR and SpO, at 0.5
Hz

Missing or out-of-range
values were replaced
with NaN and then im-
puted using mean val-
ues for that variable
across al training and
testing data. Data were
downsampled to every
10 seconds to extract
features. Dynamic vari-
ableswerecalculated as
rolling means, SD, and
absolute z score on 5-
and 30-minutewindows
to reduce the influence
of outliers

HR and SpO,, values of
0 were removed. Eight
features were extracted
in 10-minute windows
and averaged hourly.
Cross-corréelation be-
tween HR and SpO,
was calculated in 10-
minutewindows of sig-
nalsnormalized to have
0 mean and SD of 1.
Cross-correlation was
doneusing the XCORR
function of MATLAB
with alag time of =30
to +30 seconds

set. HeRO score was able
to distinguish between
healthy and septic new-
borns

Thirty-four features were
extracted from the signals.
An RF model achieved
88% sensitivity and 0.93
AUROC in predicting
mortality

A logistic regression mod-
e using clinical and physi-
ological features achieved
an AUC™ of 0.821in pre-
dicting late-onset sepsis
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Data set used

Author, year

Study settings

Physiological signal
analyzed

Signal processing and
computational tech-
niques

Key findings

St Louis Children’s
Hospital NICU

University of Mas-
sachusetts Memorial
Healthcare

University of Virginia
NICU

University of Virginia
Children’s Hospital,
Morgan Stanley Chil-
dren’sHospital and St
LouisChildren’'sHos-
pital

Feng et a [66], 2021

Zuzarteet a [67],
2021

Niestroy et al [68],
2022

Kausch et al [69],
2023

Participants; n=285;
data size: ~80 hours
each; model: prognos-
tic (+6 hours); out-
come metric: mortali-
ty

Participants; n=10;
datasize: 241.34
hours; mode: prognos-
tic (+310 seconds);
outcome metric: ap-
nea-bradycardia-hy-
poxia

Participants;, n=5957;
datasize: random dai-
ly 10 minutes seg-
ments from each;
model: prognostic
(+1-7 days); outcome
metric: mortality

Participants, n=2494,
datasize: NR; model:
prognostic (+24
hours); outcome met-
ric: sepsis

HR, respiration,
SpOy,, and ART-M#
or NIBP-M? at 1 Hz

ECG at 500 Hz,

PPG™ at 125 Hz,
SpO,, HR, respiration
signalsfrom pneumo-
gram at 50 Hz

HR and SpO, at 0.5
Hz

HR and SpO, at 0.5
Hz

Infants with data >80
hours were truncated,
and <80 hours were
padded with Os. Mean,
median, mode, and
Bayesianridge dataim-
putation techniques
were explored.
Bayesian ridge was
used to sample 5 data
sets by sampling differ-
ent posteriors each
time. Then, the average
was reported using 4-
fold cross-validation.
Therolling mean of
each vital sign with a
range of 5 minutes was
used to reduce noise.
Finaly, the end of each
sample was padded
with 1 segment where
all features equaled 0.
Featureswere extracted
from 5-minute seg-
ments

PPG signals werefil-
tered using awavel et-
based algorithm to re-
move gross body
movements. A binary
marker sampled at 25
Hzwasobtained to indi-
cate the presence or ab-
sence of movement.
QRS complexes were
detected using a modi-
fied Pan-Tompkinsago-
rithm (modification
NR). IBlswere detected
using automated peak
detection from
LabChart Software RR
intervals, and I1BI val-
ueswerethen interpolat-
edat 10 Hz

No preprocessing was
reported on the vitals.
They were grouped to
calculate the averagein
10-minute nonoverlap-
ping windows

HR and SpO, were pre-
processed by removing
thevalues containing O.
Features were calculat-
ed in 10-minute
nonoverlapping win-
dows. Windows with
>50% missing data
were excluded from
subsequent analysis

A deep learning model us-
ing LSTM named
DeepPBSMonitor was de-
veloped to predict mortali-
ty with 0.888 accuracy,
0.78 recall, and 0.897
AUC

The prediction framework
using GMM and logistic
regression model achieved
75% accuracy in predicting
bradycardia severity dur-
ing the apnea-bradycardia-
hypoxia event

Features were extracted
from al signals. A multi-
variablelogistic regression
model using 5 features
achieved the AUROC of
0.83in predicting mortali-
ty

Several features were ex-
tracted from the vitals. An
XGB model achieved
training AUROC of 0.834
using the data from NICU
1, and 0.792 and 0.807
testing AUROC using data
fromNICU 2andNICU 3,
respectively
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Data set used

Author, year

Study settings

Physiological signal
analyzed

Signal processing and
computational tech-
niques

Key findings

KarolinskaUniversity Honoré et a [70],

Hospital Solnaand
Huddinge NICU,
Stockholm, Sweden

Simulated and real

2023

Masoudi et a [71],

data(NICU nameNR) 2013

Simulated and real
signals from NICU
(NICU name NR)

Altuveet al [72], 2015

Participants; n=325;
data size: 2866 hospi-
talization days; mod-
el: prognostic (+24
hours); outcome met-
ric: sepsis

Participants; n=32;
data size: 233
episodes, ~7 seconds
each; model: diagnos-
tic (+2.32-second de-
lay); outcome metric:
apnea-bradycardia

Participants; n=32;
datasize: 148 RR in-
tervals with amean
duration of 26.25 (SD
11.37) minutes; mod-
el: diagnostic (+1.73-
second delay); Out-
come metric: apnea-
bradycardia

IBI from ECG, respira-
tion from CI, SpO,
(sampling rate 1-500
Hz)

2-channel ECG

ECG (sampling rate
NR)

All signalswereresam-
pled to 1 Hz. Segments
with at most 15 seconds
missing were linearly
interpolated. All signals
were filtered with a
moving mean filter of
width 3. IBI signals
were further filtered to
remove ectopic beats
and strong nonlineari-
ties with amoving me-
dian filter of width 3
and Butterworth band-
pass filter of order 6
with low-cut and high-
cut frequencies of
0.0021 and 0.43 Hz.
Signals were divided
into 45-minute seg-
ments. Features were
calculated using aslid-
ing time frame with
50% overlap

No preprocessing tech-
niques were reported.
Signals were sampled
in 7-second intervals

Hidden semi-Markov
models to represent the
temporal evolution of
RRintervals. A prepro-
cessing method that in-
cludes quantization and
adelayed version of the
observation vector is
proposed. RR time se-
ries was resampled at
10 Hz and segmented at
a 7-second interval

A naive bayes classifier
achieved an AUROC of
0.82 up to 24 hours before
clinical suspicion of sepsis.
Adding respiratory signals
improved the performance
compared with only using
heart rate features

A coupled HMM model
achieved 84.92% sensitivi-
ty, 94.17% specificity with
atime detection delay of
2.32 (SD 4.82) secondsin
detection apnea-bradycar-
dia episodes

The proposed model
achieved up to 93.84 (SD
0.79) in specificity and
89.66 (SD 0.71) in sensitiv-
ity with a detection delay
of 1.59 (SD 0.24) seconds
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Data set used Author, year Study settings Physiological signal  Signal processingand  Key findings
analyzed computational tech-
niques
NICU (name NR) Honoré et al [73], Participants; n=22; SpO,, respiratory fre-  Datawere segmented  Features were extracted
2020 datasize: 3501time  quency, and RRinter- into 20-minute time from al signals. A com-
series, 1200 samples  va fromECG at 1 Hz frames. Time frames bined GMM-HMM model
in each; model: prog- with missing datawere achieved 0.74% (SD
nostic (+72 hours); discarded 0.05%) accuracy in detect-
outcome metric: sep- ing sepsis. The model was
sis compared with HeRO
model, which underper-
formed using this data set

8CHIME: Collaborative Home Infant Monitoring Evaluation.
NR: not reported.

®ECG: electrocardiogram.

dSpOz: oxygen saturation.

®PICS: Preterm Infant Cardio-Respiratory Signals.
FAUROC: area under receiver operating characteristic curve.
9FPR: false positive rate.

PHRV: heart rate variability.

IMIMIC-I11: Medical Information Mart for Intensive Care.
JHR: heart rate.

ksBPp: systolic blood pressure.

'DBP: diastolic blood pressure.

MMBP: mean blood pressure.

NLSTM: convolutional neural network-Long Short-Term Memory Network.
°LOS: length of stay.

PK NN: k-nearest neighbor.

9RMSE: root mean square error.

'SG: Savitzky-Golay.

SCHMM: coupled Hidden Markov Model.

'RNN: recurrent neural network.

YHMM: Hidden Markov Model.

VEEG: electroencephal ography.

WSVM: support vector machine.

*HIE: hypoxic-ischemic encephal opathy.

YMAP: mean arterial pressure.

“NICU: neonatal intensive care.

%C|: chest impedance.

DDT-CWT: Discrete Time Continuous Wavelet Transform.
&BI: interbreath variable.

STE Signal Instability Index.

#RRE: ribcage respiratory effort.

FpR: pulse oximeter.

IHSLDS: Hierarchical Switching Linear Dynamical System.
®RF: random forest.

dGMM: Gaussian Mixture Model.

AFIR: Finite impul se response.

K Mms: |east-mean-square.

ARIP: respiratory inductive plethysmograph.

aMML: machine learning.

N V/H: intraventricular hemorrhage.

2BPD: bronchopulmonary dysplasia

%ROP: retinopathy of prematurity.

NEC: necrotizing enterocolitis
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¥POPS: pulse oximetry predictive score.
BHRC: heart rate characteristics.
@HeRO: heart rate observation.

AAUC: areaunder the curve.

&ART-M: arterial mean blood pressure.
#NIBP-M: noninvasive blood pressure.
pPpG: photoplethysmography.

Preprocessing Steps
Overview

Preprocessing of physiological data typically involves severa
steps, including the handling of missing data, filtering,

https://www.i-jmr.org/2024/1/e46946
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segmentation, and waveform analysis for feature extraction.
Here, we define 5 required preprocessing steps (based on the
steps outlined in Berkaya et a [13]) and identify the steps
reported by each of the studies in this review (Table 3). The
definition of each of the stepsis given in subsequent sections.
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Table 3. Required physiological signal preprocessing steps reported by each of the studiesin this review.

Author, year Required preprocessing step reported
Handling of missing Artifact re- Resampling, normaliza-  Waveform featureex- Data segmentation
data moval tion traction
Cohen and de Chazal [22], 2013 O g ad g
Cohen and de Chazal [23], 2014 O O O O d
Cohen and de Chazal [24], 2015 O g ad g
Geeet d [26], 2016 0 a
Geeet al [25], 2017 0 0
Daset a [27], 2019 0 a
Mahmud [28], 2019
Geeet a [29], 2019 a ] 0 a
Song et al [30], 2020 O O N/AZ
Baker et al [31], 2021 0 0 N/A 0
Juraev et a [32], 2022 0 0 N/A
Montazeri Ghahjaverestan et a O 0 0
[33], 2015
Navarro et al [34], 2015
Montazeri Ghahjaverestan et a
[35], 2016
Ledn et al [36], 2021 0
Ledn et al [37], 2021 0
Doyen et al [38], 2021 0 O
Sadoughi et al [39], 2021 0 0
Ahmed et al [40], 2015 0 O O O
Temko et al [41], 2015 0 0 0
Lloyd et al [42], 2016 0 N/A O
Semenovaet a [43], 2018 ad O g
Semenovaet a [44], 2019 g O O O
Joshi et al [45], 2020 0 0 0
Varisco et al [46], 2021 O O 0
Cabrera-Quiros et al [47], 2021 O g
Varisco et al [48], 2022 O O 0 O
Peng et al [49], 2022 0 0
Peng et al [50], 2022 O 0 O
Stanculescu et al [51], 2014 O ad N/A
Stanculescu et a [52], 2014 0 O N/A
Shirwaikar et a [53], 2016 0 0 0 N/A
Shirwaikar et al [54], 2019 O N/A
Williamson et al [55], 2013 0
Schiavenato et al [56], 2013 O g O
Robles-Rubio et al [57], 2014 0 0 N/A
Amperayani et a [58], 2017
Hu et al [59], 2018 0 0 0 N/A
Sullivan et al [60], 2018 0 N/A
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Author, year Required preprocessing step reported
Handling of missing Artifact re- Resampling, normaliza-  Waveform featureex- Data segmentation
data moval tion traction
Zimmet et al [61], 2020 0 N/A
Kotaet al [62], 2020 O 0 O
Mirniaet al [63], 2021 N/A
Leeet al [64], 2021 O 0 N/A O
Sullivan et al [65], 2021 0 N/A 0
Feng et al [66], 2021 O N/A O
Zuzarte et a [67], 2021 ad O g
Niestroy et al [68], 2022 N/A O
Kausch et al [69], 2023 0 N/A 0
Honoré et a [70], 2023 O N/A O
Masoudi et a [71], 2013 0
Altuveet a [72], 2015 O O O
Honoré et a [73], 2020 O N/A g

3N/A: Not applicable.

Handling of Missing Data

During neonatal physiological monitoring, instances of missing
data may arise due to sensor disconnection, improper
placements, or signal dropouts. To tackle this issue,
methodol ogieslike dataimputation or interpol ation are applied.
For example, if gaps exist in a neonate’'s HR monitoring data,
interpolation methods can estimate the missing values by
considering neighboring data points. Widely used interpolation
techniquesinclude linear interpolation, spline interpolation, and
time-based interpolation. In addition, common data imputation
methods involve forward fill, backward fill, and imputation
using mean or median values. Methods such asforward fill [30],
moving average[44], mean imputation [64,66], and interpolation
[67] were used by some studies reviewed in this paper.

Artifact Removal

Neonatal signals can be affected by artifacts, such asthose from
muscle movements or electrical interference. Commonly used
techniques, such as bandpass or notch filters, along with moving
averages, are used to effectively eliminate these disturbances.
For instance, in neonatal EEG signals, adaptive filters prove
beneficial in eliminating artifacts caused by muscle movements,
resulting in aclearer representation of the baby’s brain activity.
Some methods used by the reviewed papers were high-pass
filter [27,46] bandpass filter [29,33,44,45,56].

Resampling and Normalization

Overview

Resampling is a technique that standardizes data intervals,
involving either upsampling (increasing data point frequency)
or downsampling (decreasing frequency) to create a regular
time series. This aligns signals from different devices or
physiological sources. Normalization ensures uniformity and
reliability acrossthese standardized sampling rates. For instance,
if neonatal HR signals from different devices have varied

https://www.i-jmr.org/2024/1/e46946

sampling rates, resampling achieves a common rate, while
normalization, using techniques such as minimum-maximum,
z score, or log scale, ensures consistent amplitude scaling for
accurate comparative anaysis. In the reviewed studies,
normalization techniques such as minimum-maximum [53] and
0 mean normalization [29,59] were used. Interms of resampling,
both downsampling [33,34,41] and upsampling [39] techniques
were used.

Waveform Feature Extraction

Extracting relevant features from a signal’s waveform is a
fundamental step in signal preprocessing. This involves
identifying key characteristics such as peaks, troughs, or other
significant pointsin the signal. In the context of neonatal ECG,
feature extraction may involve identifying key points such as
R-peaks to analyze HRV, providing valuable insights into the
infant’'s autonomic nervous system development. The
Pan-Tompkinsa gorithm isapopular method chosen by multiple
papers reviewed in this study that conducted R-peak detection
from the QRS complex [22,24,27,33,35,39].

Data Segmentation

Segmenting data is the process of breaking down a continuous
signal into smaller, more manageabl e sectionsto enabletargeted
analysis. This practice is especialy beneficia when dealing
with lengthy signals. Data segmentation is a common
preprocessing step in ML workflows. For instance, in the
analysisof neonatal deep patterns using EEG, data segmentation
can involve dividing the continuous EEG signal into epochs,
allowing for the identification and study of sleep stages in
shorter, more manageable segments. Commonly used
segmentation techniques include fixed length, sliding window,
and threshold- and feature-based segmentation. Some of the
data segmentation sizes used in the reviewed studies were
30-second [22-24,45] and 1-minute [41] epochs and a sliding
window of varied sizes [35,40,55,59,64].
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In neonatal physiological signal processing, these preprocessing
techniques contribute to the accurate interpretation of signals,
aiding health care professionals in monitoring and providing
appropriate care in the NICU or other clinical settings.

It can be seen from Table 3 that only 7 (13%) out of the 52
reviewed studies reported all the recommended preprocessing
steps. This could have several impacts on the downstream
analysis. For instance, several papers missed reporting on how
they segmented the datafor feature extraction and classification,
although it isessential for clinical validation in caseswherethe
segment duration is dependent on the adverse outcome
prediction performance. In HRV analysis, it is important to
indicate whether it is a short-term (~5 minutes) or along-term
(=24 hours) analysis as they reflect different underlying
physiological processes and thus demonstrate different
predictive power [107]. Along with the segment duration,
additional information such as the sampling rate of the signals
will provide aclear reflection of the dataset size. Downsampling
the data to a low sampling rate (eg, 50 Hz) has also shown a
significant impact on HRV analysis [108]. Although all the
reviewed studies mentioned the participant number, and majority
of them (n=39) reported the sampling rate of the signals, very
few provided details on the sample size or data set duration or
whether the data set was resampled for subsequent analysis.
These elements provide a clearer picture of the computational
time and resourcesrequired for clinical validation and adoption.
Although physiological recordings collected in the NICU
environment suffer greatly from missing data due to similar
factors that introduce artifacts [109], reporting how missing
data are handled is scarce. Different methods for dealing with
missing values could cause different results, and not all might
be suitable for a particular problem. Therefore, it isimportant
to report all the details related to the adopted approach.

The incomplete or partia reporting found in these studies has
significant implicationsfor theimplementation of QM Sinusing
these techniques for clinical adoption. A good implementation
of QMS requires a comprehensive reporting of each
intermediary step involved in constructing an Al and ML
pipeline. The International Medical Device Regulators Forum
offers guidance on the clinical evaluation required for any
product intended for use as a medical device [110]. According
to the International Medical Device Regulators Forum
guidelines, during clinical evaluation, relevant research articles
arereviewed to identify clinical evidence supporting the product
[111]. The guideline encourages manufacturersto follow these
recognized standards and best practices in the development,
validation, and manufacturing processes. Clinical evaluations
arerequired by the European Union medical device regulation,
and it is aso mentioned in the ISO 13485 (the quality
management standard for medical devices). Thus, detailed
reporting is crucia as it can be used by regulatory bodies to
evaluate future SaMD products clinically. Steps such as the
missing data handling procedures are also required by the
TRIPOD (Transparent Reporting of a Multivariable Prediction
Model for Individual Prognosis or Diagnosis) checklist for
model development and validation, which assesses the risk of
bias and clinical usefulness of the prediction model [112].
Another example is a questionnaire prepared by the German
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Notified Body Interest Group, and it was adopted to assess some
Al-powered medical products in the European Union. This
guestionnaire includes inquiries about data management,
including data collection, labeling, preprocessing procedures,
and relevant documentation. Transparent and detailed reporting
of these steps is essential to ensure the safety, efficacy, and
reliability of SaMD.

Discussion

Principal Findings

This review aimed to summarize the computational methods
used for preprocessing preterm infants’ physiological dataasa
first step in devel oping data-driven predictive modelsfor adverse
outcomes related to clinical decision support. This is an
important step, especially from aclinician’s perspective, because
it increases the trustworthiness of the developed models by
allowing for the verification and reproduction of the results. In
addition, it aidsin achieving regulatory compliance and ensures
the safety, efficacy, and ethical use of Al-based health care
devices. Furthermore, it allowsusto recognize the shortcomings
inthe current state-of-the-art studies and recommend guidelines
for transparent reporting. Thereview found that the studieswere
heterogeneous in terms of their methods and applications.
Therefore, a narrative approach to reporting the results was
taken instead of a quantitative approach. Through the analysis
we identified several key components that were incompl ete or
partialy reported by theincluded studies, which are summarized
in Table 3. To ensure transparent reporting for any future studies
in this area, we recommend detailed reporting of all
preprocessing stepslisted in Table 3, which will alow revealing
their strengths and weaknesses and ultimately make them usable
and reproducible. Reproducible research allows clinicians to
make moreinformed decisions about patient care and treatment
based on the evidence that has been thoroughly assessed.

Comparison With Prior Work

The reviews published in recent years have highlighted the
potential of big data and Al in supporting clinical
decison-making in the neonatal health care domain
[10,15,21,113,114], particularly in using physiological datafor
detecting or predicting neonatal health outcomes. However,
appropriate preprocessing of these data is a prerequisite for
developing clinically deployable models. A systematic review
by McAdams et a [10] reported different ML models used to
predict different clinical outcomes in neonates. However, their
primary focus was on 5 neonatal morbidities, and they did not
focus on reporting the preprocessing methods applied before
building the ML models. Furthermore, they did not include
studies using real-time continuous physiological data; 28 out
of their 68 studies were based on physiological data (not
continuous), and the rest were based on electronic medical
records and imaging data. Latremouille et a [15] performed a
review on HRV analysis for neonates. The primary limitation
of the work was the lack of reporting in detail about the
preprocessing steps of ECG signals before HRV analysis, such
as ECG handling and segmentation, R-wave (QRS complex)
identification technique, software and parameters, and ranges
of all HRV features. They identified these components as
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incomplete or missing in the studies they reviewed and thus
recommended clear reporting of these aspectsfor future studies
in this area. These limitations served as a motivation for our
review to focus on the preprocessing techniques of neonatal
physiological signals in a broader sense, which serves as the
preliminary step for any big data—based approaches.

Limitations

There are several limitationsto thisreview. Screening of all the
included studies was conducted independently by 1 reviewer,
which may have introduced bias. In addition, this review did
not include a quantitative or comparative anaysis of the
reviewed studies, as the techniques used to anayze the
physiological signals were diverse. Future work could include
aquantitative evaluation of the studies that were homogeneous
in design.

Rahman et d

Conclusions

This review explores the computational methods used by the
current state-of-the-art ML-driven clinical decision support
approaches to preprocess physiological signals collected from
infantstreated inthe neonatal setting. A summary of the studies
identified heterogeneity in the techniques used for analysis and
revealed a lack of consistent and detailed reporting, which is
important for building robust, transparent, and clinically
deployable prediction models. The availability of powerful
hardware and software resourcesin the NICU environment and
growing interest in big data and Al are driving strong demand
for clinical decision support applications. We recommend clear
reporting of the different steps in the preprocessing of the
neonatal physiological signalsto ensuretransparency in clinical
validation and accelerate the adoption of developed modelsin
the clinical setting. This will further enhance the delivery and
adoption of reliable, regulatory-compliant, safe, and effective
products in health care.
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Abstract

Background: The declaration of the COVID-19 pandemic led to public health restrictions that impacted the lives of people
across the globe. Parents were particularly burdened with balancing multiple responsibilities, such as working from home while
caring for and educating their children. Alcohol use among parentsis an area that warrants further exploration.

Objective: This study aimed to investigate patterns of parental alcohol consumption during the COVID-19 pandemic, focusing
on relative changesin the frequency and quantity of alcohol use compared to prepandemic use, nonparent adult samples, or both.

Methods: A scoping review informed by the methodology of Arksey and O'Malley explored patterns of parental alcohol
consumption during the COVID-19 pandemic. Searches were conducted in CINAHL, Ovid MEDLINE, PsycINFO, and Web of
Science. Search terms were created using the Joanna Briggs I nstitute framework of Population, Concept, and Context, with the
population being parents and the concept being alcohol consumption during the COVID-19 pandemic.

Results: The database search yielded 3568 articles, which were screened for eligibility. Of the 3568 articles, 40 (1.12%) met
theinclusion criteriaand were included in the scoping review. Findings indicated the following: (1) having children at home was
a factor associated with parental patterns of alcohol use; (2) mixed findings regarding gender-related patterns of alcohol
consumption; and (3) linkages between parental patterns of alcohol use and mental health symptoms of stress, depression, and
anxiety.

Conclusions: This scoping review reveal ed heterogeneous patterns in parental alcohol use across sociocultural contexts during
the COVID-19 pandemic. Given the known harms of acohol use, itisworthwhilefor cliniciansto assess parental drinking patterns
and initiate conversations regarding moderation in alcohol use.

(Interact J Med Res 2024;13:e48339) doi:10.2196/48339

KEYWORDS

parent; alcohol use; COVID-19; scoping review; parenting; alcohol; addict; addiction; substance use; health behavior; health
behaviors; scoping; review methods; review methodology; drink; drinking; alcoholic; alcoholism

public health measuresintroduced in many countries contributed
to ashadow pandemic of psychological distress[2], which was
associated with increased sales and consumption of acohol
[3,4]. Changesinthe environmentsand circumstancesin which
adultsdrink can have effects on rates of consumption; lockdown

Introduction

Background

On March 11, 2020, the World Health Organization (WHO)
declared COVID-19 a global pandemic [1]. The restrictive
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restrictions and sheltering in place led to drinking in the home
environment becoming the norm during COVID-19 lockdowns
in some places, such as the United Kingdom [5].

In Westernized countries, problematic alcohol use peaksin the
third decade of life, atime when many adults areraising young
children [6]. The reduction of alcohol consumption is one of
the top 10 modifiable risk factors for reducing disease burden,
injury, and social problemsglobally [7,8]. The burden of disease
associated with alcohol useis high. A meta-analysisidentified
alcohol consumption as the seventh leading risk factor for
disability and premature death in 2016, and among those aged
15 to 49 years, alcohol consumption accounts for nearly 10%
of deaths on aglobal scale[9].

Parents warrant special attention as a large subsection of the
adult population because they are primary caregivers for
children. For parents, pandemic stressors (eg, lockdown
restrictions, balancing employment while children are at home,
and reduced social support) compound the daily stressors of
parenting young children [10]. In paralel to the elevated rates
of parental depression and anxiety from prepandemic levels
[11,12], evidence suggests that the COVID-19 pandemic has
increased the consumption of alcohol in parents with young
children [13,14]. A meta-analysis of 128 studies (aggregate
sample of N=492,235) revealed that nearly a quarter of adults
reported increasesin alcohol consumption during the COVID-19
pandemic [15]. These changes were moderated by per capita
gross domestic product and country. The authorsidentified that
residing with children was associated with increases in alcohol
consumption, with consumption increasing with the number of
children at home [15]. Moreover, while Acuff et a [15]
identified that femal e participants were more likely to increase
their drinking frequency and mal e participantswere more likely
to increase their problematic drinking behaviors (eg, binge
drinking), it is unclear what proportions of these participants
were also caregivers to young children. Currently, a granular
and gendered examination of patterns of alcohol consumption
in caregiving adultsislacking during the COVID-19 pandemic.

Objectives

The purpose of this scoping review was to investigate broad
patterns of parental a cohol consumption during the COVID-19
pandemic, examining the relative changesin the frequency and
guantity of acohol use compared to nonparent adults,
prepandemic levels of consumption, or both. In addition to
physical health harmsrelated to excessive a cohol consumption
[16], parents who consume problematic amounts of alcohol are
more likely to have worse mental health and lower emotional
availability to children [13]. Poor parental menta health,
substance use, and negative parenting practices can have adverse
consequences on children’s socioemotional development and
mental health [17,18]. The results of this scoping review can
assist clinicians working with familiesin identifying parents at
risk for alcohol misuse and engaging them in interventions to

https://www.i-jmr.org/2024/1/e48339
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reduce consumption. Thefindings can also inform policy makers
regarding the population of parents who may require targeted
intervention and education on reducing and managing alcohol
consumption in the aftermath of the COVID-19 pandemic.

Methods

Scoping Review Search Strategy

We undertook a scoping review following the methodology
outlined by Arksey and O'Malley [19]. We used the Joanna
Briggs I nstitute framework of Population, Concept, and Context
(PCC) to create our search terms, with the population being
parents (caregiving adults living with children aged <18 years
in the same household) and the core concept being alcohol
consumption within the context of the COVID-19 pandemic.
To capture a wide scope of relevant studies, a librarian team
member conducted a systematic search in CINAHL, Ovid
MEDLINE, PsycINFO, Web of Science, and Cochrane
databases using the specified PCC termsfor all articles published
after the WHO declaration of the COVID-19 pandemic on
March 11, 2020 (Multimedia Appendix 1). The 3 groups of
keywords within the PCC framework were joined with the
Boolean operator “AND,” which produced 3568 articles for
screening in June 2022. Medical Subject Headings and its
descriptors were used for CINAHL, Ovid MEDLINE, and
PsycINFO. Forward citation searching of articlesidentified in
June 2022 was carried out in May 2023, which further yielded
an additional 13 articles.

Inclusion and Exclusion Criteria

After 1430 (40.08%) duplicates were removed from theinitial
pool of 3568 articles, 2138 (59.92%) articles were screened for
eligibility in a 2-round process (Figure 1). In the first round,
article titles and abstracts (and text as needed) were reviewed
against the PCC framework. We included peer-reviewed
empirical studies that were published in English with data
collection occurring after the WHO declaration of the
COVID-19 pandemic. Nonempirical papers; expert opinions,;
letters to the editor; preprints; and empirical papers that were
published after March 11, 2020, but did not contain alcohol
consumption data collected during the COVID-19 pandemic
were excluded. Studies that included a comparison of alcohol
use between households with children and households without
children were included. Reasons for exclusion included study
population not being parents with alcohol consumption (eg,
adolescent alcohol use) and the lack of explicit data collection
on acohol consumption as a variable. Studies that collected
data on adult alcohol consumption during the COVID-19
pandemic but did not differentiate between adults living with
children at home and adults not living with children a home
were also excluded. Most studies that remained included both
parent and nonparent participants (30/40, 75%), while some
studies examined parents specifically (10/40, 25%).
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Figurel. PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping Reviews) flow diagram.

Data Extraction

Data from the articles were extracted into an extraction table
derived from Polit and Beck [20]. The table included columns
for authors, country of origin, year of publication, research
design, sample size, measurement of alcohol use, time frame
of datacollection, and main findings. Extraction was performed
independently by team members (KB and KC) and checked for
accuracy (KC). Concernswith data extraction were resolved in
consultation with the first author (CO).

Evidence Synthesis

A narrative analysis of the main findings was conducted to
identify and compare themes across the included studies. This
approach allowed for the evaluation and integration of diverse
findings on the trends in parental acohol consumption during
the COVID-19 pandemic.
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Results

Overview

Of the 40 studies included in analyses, 36 (90%) were
guantitative studies, 2 (5%) were qualitative studies, and 2 (5%)
were systematic reviews (Figure 1). Of the 36 quantitative
studies, most studies (n=28, 78%) were cross-sectional survey
studies, 7 (19%) studies were longitudinal cohort studies, and
1 (3%) was asecondary data analysis of publicly available data
(Table 1). The following themes were identified: (1) having
children at home was a factor associated with parental patterns
of alcohol use, (2) mixed patterns of alcohol consumption among
mothers and fathers, and (3) heterogenous linkages between
parental patterns of alcohol use and mental health.
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Table 1. Evidence extraction table.
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Author andyear Timeframeand coun-

try

Research design and
samplesize, N

Alcohol variable

Main findings

Global

North America

Kyaw Hla
etal [21],
2021

Roberts et
al [4], 2021

Sdlieet a
[22], 2020

Schmid et
al [23],
2021

Deacon et
al [24],
2021

April 17 to June
25, 2020
Global

December 2019
to November
2020

Global

May 12 to 28,
2020
Global

March 2020 to
March 2021
Data collection
occurred be-
tween Marchand
May 2020 in
most articles
(49/53, 92%).
Global

July 2020; report-
ed retrospective-
ly in April 2020
Canada

«  Cross-sectiona
survey

« N=37,206;
n=28,649 (77%)
women

o  Systematic review
o N=45articles

«  Cross-sectional
survey

o N=1346; n=209
(15.53%) parents

«  Systematicreview
« N=b3articles

e  Cross-sectional
survey

«  N=758 couples;
n=211 (27.8%)
homeschooling
couples; n=173
(22.8%) couples
homeschooling
dueto the
COVID-19 pan-
demic

Respondents were
asked about alcohol
“stock up” and con-
sumption frequency
compared to
pre-COVID-19 levels.

Intheincluded studies,
respondentswere asked
about patterns of alco-
hol use, harmful alco-
hol use, and binge
drinking.

Respondents were
asked about drinking
behaviors before and
during COVID-19
lockdowns.

3items from the AU-
DIT-Cb

Alcohol concept varied
intheincluded studies.
The PICOc tool was
used to guide the
search strategy where
the problem identified
was substance use,
substance use disorder,
drug abuse, and depen-
dence.

Brief Alcohol Motives
Measure (2 items from
the scale were used to
examine coping-related
alcohol use)

Middle-aged, educated women working from
home and living with children were ahigh-risk
group for increased alcohol use during the
lockdown. Households with children were
morelikely toincrease acohol use (ORa1.17,
95% Cl 1.10-1.24; P<.001) compared to
households with adults only.

Of the 45 studies, 5 (11%) studies found sig-
nificantly higher alcohol use among parents
compared to nonparents.

Drinking behaviors decreased overall during
guarantine across the entire sample. Among
parents, drinking behaviors increased com-
pared to nonparents (P=.003).

Caregiving responsibilities were discussed as
afactor inincreased substance usein 13 (25%)
of the 53 articles. Parenta status was associat-
ed with higher overall alcohol consumption,
higher Alcohol Use Disorders Identification
Test scores, consuming more drinks per occa-
sion, more drinks consumed per week, and
more heavy drinking episodes, with apositive
correlation between the number of children at
home and the amount of acohol consumed.
One study found that having children at home
was associated with decreased alcohol use,
and another study found that having children
at home was associated with less binge drink-
ing.

Among the homeschooling sample, coping-
related alcohol use was significantly increased
relative to prepandemic use. The partner effect
of hours spent homeschooling was significant
on coping-related drinking.
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Author andyear Timeframeand coun- Research design and Alcohol variable Main findings
try samplesize, N
DesRoches «  April to Jduly «  Cross-sectiona Quantity, frequency, Women’s hours of homeschooling were asso-
eta [25], 2020 survey and Peak Alcohol Use ciated with greater drinking frequency in both
2021 « Canada «  N=758 couples, Index the women themselves (beta=0.04; P=.01 and
n=211 (27.8%) in their partner (beta=0.029; P=.02). Longer
homeschooling hours of homeschooling by men were associ-
couples ated with lower drinking frequency in women
partners (b=—0.04; P=.02), but not with their
own.
Homeschooling was significantly correlated
with drinking quantity (b=0.17; P<.05) but not
drinking frequency. Partner’s time spent home
schooling was positively related to one’'s own
drinking frequency (b=0.022; P=.01), quantity
(b=0.020; P=.03), and peak drinking (b=0.022;
P=.02). Gender significantly moderated the
effect of time spent homeschooling on drink-
ing frequency in dyadic analysis with both
actor (P=.009) and partner (P<.001).
Gadermann «  May 1410 29, o  Cross-sectional Respondents were Parents had a significantly greater increasein
et a [26], 2020 survey asked about increased a cohol consumption compared to nonparents
2021 « Canada « N=3000; n=618 acohol consumption (28% vs 16%; P<.001). Thiswas greater
(20.6%) parents after the pandemic asa among men (32% vs 24%; P=.01). Parents
means of coping with weremorelikely to report deteriorated mental
pandemic-related stress health (44.3% vs 35.6%; P<.001).
or deteriorating mental
health.
Questions were adapt-
ed from the Mental
Health Foundation sur-
vey.
Hill e September 11to .  Cross-sectional Respondents were Women with children were 1.46 times (95%
MacEach- December 4, survey asked, “how has your Cl 1.13-1.90) more likely to report increased
ernet a 2020 o N=12,344; alcohol consumption acohol consumption compared to women
[27],2021 . Canada n=3474 (28.14%) changed since before without children (23.3% vs 13.4%). Men with
women and the COVID-19 pandem- children were 1.38 times (95% Cl 1.05-1.82)
n=3348 (27.12%) ic? more likely to report increased consumption
men were parents compared to men without children (21.7% vs
or guardiansto 12.7%).
children aged <18
years
Joyceetal o April 14t028, .«  Cross-sectional Respondents were Among the participants, 54.9% (n=279) report-
[28], 2022 2020 survey asked, “has your alco- ed no changein substance use, 39.2% (n=199)
« Canada «  N=508 mothers of hol/drug use changed reported increased substance use, and 5.9%

Thomson « May 2020, .
etal [29], September 2020,
2021 and January .
2021
o Canada .

children aged 0 to
8 years

Multiround cross-
sectional surveys
May 2020: n=618
parents
September 2020:
n=804 parents
January 2021:
n=602 parents

since the COVID-19
pandemic began?’

Respondents were
asked whether their al-
cohol consumption had
changed as aresult of
the COVID-19 pandem-
ic.

(n=30) reported decreased substance use. Al-
cohol was the most commonly reported sub-
stance (406/508, 80%), followed by cannabis
(44/508, 8.7%).

Parentswere significantly morelikely to report
increased alcohol consumption compared to
nonparentsin all 3 rounds of surveys. round
1(27.2% vs 16.1%), round 2 (21.9% vs
14.8%), and round 3 (22.4% vs 15.4%). Par-
ents aged <35 years had higher odds of in-
creased drinking than older parents (OR 1.51,
95% CI 1.10-2.07). Women were less likely
than men to increase drinking (OR 0.76, 95%
Cl 0.59-0.97). Parents who continued to work
while looking after children had higher odds
of increased drinking (OR 1.86, 95% CI 1.45-
2.40).
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Author andyear Timeframeand coun- Research design and Alcohol variable Main findings
try samplesize, N
Wardell et «  April to May «  Cross-sectiona «  Respondentswere Having achild in the household was a signifi-
a [30], 2020 survey asked about their alco- cant predictor of drinking asacoping behavior
2020 « Canada o N=320; n=80 hol consumption in the and drinking problems (=.10; P<.05).
(25%) parents past 30 days and the
month before the
COVID-19 pandemic.
o Questions were modi-
fied from those provid-
ed by the National Insti-
tute on Alcohol Abuse
and Alcoholism.
Zgjacovaet « March29to «  Secondary data «  Respondentswere Thosewith children were morelikely to report
a [31], April 3, 2020 analysis asked whether weekly adecrease in acohol consumption (P<.05).
2020 « Canada o N=4319 respon- alcohol consumption
dents; 30% habits had changed.
(n=1296) had chil-
dren aged <18
years
Barbosaet «  February 2020, + Longitudina sur- «  Respondentswere Thetrgjectory of alcohol consumption among
a [32], April 2020, July vey design asked about the quanti- parents found a 64% increase in the number
2023 2020, and « N=557; n=146 ty and frequency of al- of drinks consumed per month from February
November 2020 (26.3%) parents cohol consumptionand 2020 to November 2020. Theincreasein
«  United States binge drinking. drinks consumed was significantly larger
(P<.05) for those with children in the house-
hold than for those without children.
Boschuetz «  April 5t0 12, o  Cross-sectiona . AUDIT-C Having children at home was associated with
etd [33], 2020 survey asignificant increase in AUDIT-C scores
2020 e United States o N=408; 83% (P=.02).
(338/405) were
women and 80%
(303/404) had
children at home
Freisthler o«  April 2020, April «  3longitudinal «  Mothers were asked Mothers reported fewer days of alcohol con-
and Price 2021, and April waves of surveys, how often they drank sumptionin April 2021 and April 2022 com-
Wolf [34], 2022 during April 2020, any kind of alcoholic pared to April 2020. However, the average
2023 « Ohio, United 2021, and 2022 beverage in the past number of drinks per day was higher in April
States o  N=266 mothers year, on how many of 2021 and April 2022 than in April 2020.
acrossthe 3waves the past 28 days they Mothers reported drinking less frequently but
had at least 1 drink, drinking morein volumewhen they did drink.
and how many drinks
were consumed in the
past 28 days.
Grossman « May 2020 o  Cross-sectional o Respondents were Thosewith children at home consumed al cohol
eta [35], . United States survey asked about drinking on agreater number of daysthan those without
2020 o N=832;45.1% frequency, binge children (13.0 days vs 11.6 days, P=.054).
(n=375) had chil- drinking, patterns of There were no significant differences between
dren aged <18 drinking, and factors parents and nonparents in the total drinks
years at home related to drinking in consumed or binge drinking.
the past 30 days.
Knelleta « April15toMay «  Cross-sectiona . BRFSX Having children increased the odds of in-
[36], 2020 5, 2020 survey « If acohol use wasre- creased alcohol consumption (OR 1.58, 95%

. United States

. N=1804; n=785
(43.5%) parents

ported, further ques-
tions were asked about
the“average number of
daily drinks’ and
whether this number
changed since the
COVID-19 pandemic.

Cl 1.19-2.09).
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Author andyear Timeframeand coun- Research design and Alcohol variable Main findings
try samplesize, N
Lamareta « March24to e  Cross-sectional o Alcohol UseDisorders «  Problematic a cohol usewasindicated among
[37], 2021 April 28, 2020 survey | dentification Test 26.5% (n=278) of the sample, with 11.4%

o United States o N=1048 parents (n=119) indicating ahigh level of problematic
alcohol use. Male participants had significantly
higher consumption compared to female par-
ticipants (t1046=0.02; P=.003).

Nordeck et «  Marchto duly « Longitudina study «  The number of drink- The number of drinking days was lower for
a [38], 2020 « 5Swavesstarting ing daysin the past 7 participants living with a partner and children
2022 o United States from March 11, days (B=—65; 95% Cl —0.82 to —0.48) and those
2020 living with children only (3=—86; 95% ClI
o N=4298 across 5 -1.16 to —0.57) compared with participants
surveys without children. However, there were signif-
e 29.3% (n=1259) icant sustained increases in drinking days
living with chil- among those living with apartner and children
dren compared to those living with children only
or those in other household structures.
Pomazal et « May2020toAu- «  Longitudina study «  Individualswereasked Inall 3 waves, the presence of children at
a [39], gust 2021 (3 waves) to self-report alcohol home was associated with increased drinking
2023 o  Wisconsin, Unit- «  Wave 1: n=1290 consumptioninthelast (34.56%, 25.57%, and 22.38%; P<.001). Ad-
ed States «  Wave2: n=1868 60 days (alot more, a justed logistic regression model data: partici-
«  Wave3: n=1585 little more, same, little pants aged 55 years with children at home
«  Percentage of par- less, or much less) werelesslikely to increase drinking than those
ticipantswith chil- compared to the refer- aged 35 years (wave 1: OR 0.23, 95% Cl 0.1-
dren at home at ence period (prepan- 0.53; wave 2: OR 0.4, 95% Cl 0.17-0.91) and

Rodriguez  »
et al [40],
2021 .

Weerakoon «
etal [41],
2021 .

Australia

July 22 to Au-
gust 4, 2020
United States

March to April
2020
United States

each wave: 29.4%
(379/1290), 28.3%
(528/1868), and
25.3% (401/1585),
respectively.

Cross-sectional
survey

N=118 couples
n=100 (84.75%)
couples with chil-
dren at home

Cross-sectional
survey

N=1928; 42% (n-
=810) had children
living in the
household

demic period, then July
2020, and February
2021)

Respondents were
asked about alcohol
consumption patterns
in the month before
completing the survey.
Items from Inventory
of Problems-Alcohol
and Drugs

Respondents were
asked about changesin
drinking habits and
binge drinking behav-
iors during the
COVID-19 pandemic.

those aged 40 years (wave 1: OR 0.22, 95%
Cl 0.09-0.54; wave 2: OR 0.41, 95% CI 0.17-
0.97) with children at home.

Having children at home was a significant
predictor for drinking to cope (2.45; P<.05;
Cl 3.3-31.6). No significant association be-
tween having children at home and drinks
consumed per week, high-intensity drinking,
or acohol-related problems.

Households with children were less likely to
binge drink than those without children (AORe
0.74, 95% Cl 0.58-0.94). No significant
changes were reported in parental drinking
compared with participants with no children
living at home.
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Author andyear Timeframeand coun- Research design and Alcohol variable Main findings
try samplesize, N
Boothetal «  September 2020 «  Cross-sectiona «  Respondentswere Thosewith children were morelikely to expe-
[42],2024 . Austrdia survey asked to rank how of - rience an increase in alcohol consumption
«  N=4022 ten they drank alcohol (B=.51, 95% CI 0.37-0.76).
before and during the
lockdown on ascale
from 1 (never) to 7 (=2
times a day)
Calinanet « April29toMay «  Cross-sectional «  Respondentswere Having dependent children was significantly
a [43], 16, 2020 survey asked about their 2019 associated with increased a cohol consumption
2021 « Audtrdia «  N=2307; n=468 drinking behaviors (B=.62; 95% CI 0.32-0.92; P<.05), and home-
(20.3%) parents (prepandemic period) schooling responsibilities were significantly
with dependent and drinking behaviors associated with increased a cohol consumption
children in the past 30 days. (B=.53, 95% CI 0.2-0.82; P<.05).
Cooketal o JulytoSeptem- . Quditativestudy «  Participantswereasked Alcohol use was reported to signal the end of
[13], 2021 ber 2020 e N=30 parents and about the nature of the workday as ameans of self-careandto al-
« Audtrdia caregivers of chil- family lives before and leviate boredom and manage stress. It was as-
dren aged 4 to 12 after the COVID-19 sociated with feelings of guilt dueto lockdown
years pandemic, including challenges.
changes in alcohol
practices and family
dynamics due to the
COVID-19 pandemic.
Glenisteret « May29toJduy «  Cross-sectional «  Respondentswere Rural women living with children were more
a [44], 9, 2020 survey asked whether alcohol likely to report increased alcohol consumption
2021 e Australia e N=339rural wom- use increased, de- compared to rural women not living with
en; 41% (n=139) creased, or remained children (OR 2.37, 95% Cl 1.36-4.15; P=.002).
of sample lived the same since the
with children COVID-19 pandemic.
Greenwood «  April 2020 to « Longitudina o  Parentswere asked Estimated al cohol frequency trajectory for
et a [45], May 2021 wave-based sur- about the frequency of parents showed a decreased use over the
2023 o Victoria, Aus- veys (13 waves) alcohol consumption course of the pandemic. Female and other
tralia «  N=2261 parents per month (ranked on parent gender were associ ated with atrajectory
a7-point scale). of lower frequency of acohol use. Older par-
ent age was associated with a trgjectory of
higher frequency of alcohol use.
Johnsonet «  Juneto July o  Cross-sectiona « Alcohol UseDisorders Of the sample of 406 mothers, 54.9% (n=223)
al [46], 2020 survey | dentification Test exceeded drinking guidelines and 41.4%
2021 « Audtrdia «  N=406 mothers «  Respondentswere (n=168) reported drinking more due to the
asked how their drink- pandemic. As parenting stressincreased, alco-
ing has been impacted hol use increased (P=.002).
by the COVID-19 pan-
demic.
Westrupp «»  April 8t0 28, o  Cross-sectiona «  Respondentswere Compared to prepandemic population-based
et d [47], 2020 survey asked how often they datafrom 4 Australian data sets, parents report-
2023 o Audtrdia o N=2365 parents drank acoholic bever- ed more frequent acohol consumption
ages. (333/2365, 14.1%, pandemic data set) reported
drinking on =4 days per week vs 771/9764,
7.89% (pre-pandemic data set), 7.9% reported
drinking before the pandemic; P<.001).
Women were less likely than mento consume
alcohol at higher levels.
Europe
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Author andyear Timeframeand coun- Research design and Alcohol variable Main findings
try samplesize, N
Bramness .«  Juneto July o  Cross-sectional o Respondents were Among the entire sample, 56.8% (n=754) re-
et a [49], 2020 survey asked to report alcohol ported no change in drinking patterns, 29.9%
2021 «  Norway o N=1328; of the usein the past 12 (n=397) reported less drinking, and 13.3%
n=1200 who re- months and changesin (n=177) reported more drinking. Having a
ported any al cohol alcohol use since the child aged <18 yearsin the household was as-
use, n=887 COVID-19 measures sociated with more drinking (P=.02).
(66.79%) had chil- were implemented.
dren aged <18 «  Twoitemsfrom AU-
yearsin the house- DIT-C
hold
Koegeret o  April 2020 to « Multiroundcrosss «  Participantswere asked Oddsfor anincreased AUF was higher among
a [49], January 2021 sectional surveys about AUFf on a participants with childrenin round 1 during
2022 «  Germany «  Parents: round 1, weekly basis. the first lockdown (OR 1.34, 95% CI 0.92-
n=307; round 2, 1.96; P>.05) and in round 2 during the relax-
n=295; and round ation of lockdown restrictions (OR 1.77, 95%
3, n=285 Cl 1.118-2.65; P<.01).
Mangot- e April2020toJu- «  Longitudina sur- «  Respondentswere Results showed that during periods of lock-
Salaetd ly 2021 vey design asked how many glass- down, households with children reported the
[50],2022 « TheNetherlands « N=63,194 esof alcohol werecon- lowest alcohol consumption. During the sum-
sumed in the past 7 mer, households with children reported a sea-
days. sonal increase in drinking related to relaxed
COVID-19 restrictions.
McAloney- « Marchtodune «  Longitudind study «  Participantswereasked Perceived changes in acohol consumption
Kocaman 2020 (multiwave sur- toindicate achangein were significantly associated with the presence
eta [51], «  UnitedKingdom vey) alcohol consumption of children at home (x22=20.3, P<.001).
2022 « N=1268; 468 (drinking less, drinking QOdds of increased acohol consumption was
(36.9%) respon- approximately the |ower for those with children in the household.
dents had children same, or drinking more
in the household than usual) after the
implementation of the
lockdown.
Oldhamet . April30toJdune .  Cross-sectional . AUDIT-C Among men, living with children was signifi-
a [52], 14, 2020 survey cantly associated with increases in the units
2021 « UnitedKingdom . N=2777 parents of alcohol consumed per drinking session (OR
and nonparents 1.72, 95% CI 1.09-2.73; P=.02) and the fre-
quency of heavy episodic drinking (OR 2.40,
95% CI 1.44-3.99; P=.001). There was no
significant increase in drinking for women
living with children.
Thorellet «  April28toJune .«  Cross-sectional «  Respondent were asked Across the sample, 5% of homeschooling
a [53], 21, 2020 survey how their alcohol or parentsreported increased level s of alcohol or
2022 « Sweden, Spain, . N=6720 parentsof drug changed use dur- drug use compared to prepandemic use. Differ-
Italy, United children aged 5 to ing the COVID-19 ences varied by country. In the United King-
Kingdom, Bel- 18 years; n=5914 pandemic compared to dom, there was a 19.1% increase, whereas in
gium, Nether- (88%) female their prepandemic use. Sweden, Spain, and Italy, <3% reported in-
lands, and Ger- creased drinking or drug use.
many
Vander- « April 9to 29, o  Cross-sectiona «  Respondentswere Overall, 30.3% (n=1100) of the total sample
bruggen et 2020 survey asked about the aver- reported increased a cohol consumption, while
a [54], « Belgium o  N=3632; 44.3% age amount of alcohol 13.7% (n=498) reported decreased consump-
2020 (n=1609) lived consumed before and tion. Alcohol use was positively correlated
with children during the lockdown. with the number of children living at home

Respondents were
asked whether they
drank more, less, or the
same amount as before
the COVID-19 pandem-
ic.

(22% increase in odds with every child at
home; OR 1.220, 95% Cl 1.146-1.289).
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Author andyear Timeframeand coun- Research design and Alcohol variable Main findings
try samplesize, N
Villetteet «  January to «  Cross-sectiona « AUDIT-C question- Of those living with family, 30.19%
a [55], March 2021 descriptive survey naire used to assess (468/1550; P<.001) experienced a greater in-
2022 «  Western Brit- o N=2491 change in alcohol con- crease in alcohol consumption than those liv-
tany, France sumption before, dur- ing with adult roommates (21/135, 15.6%) and

Central and South America

ing, and after the lock-
down (frequency of al-
cohol consumption,
number of drinks per
day, and frequency of
heavy drinking)

Respondents were
asked to report on aco-
hol behaviors, includ-
ing how often &alcohol
consumption occurred
with children present.

those living alone (89/395, 22.5%).

Living with family was associated with in-
creased alcohol consumption (OR 0.62, 95%
Cl 0.46-0.83; P<.001).

An overall decrease in drinking during the
COVID-19 pandemic (77.5% vs 65%) was
found, including drinking with children
present.

Regression model found that quarantining
(B=3.81; 95% CI 2.61-5.02; P<.001), anxiety

Alcohol UseDisorders  «
I dentification Test
(Japanese version)

(B=.42; 95% CI 0.20-0.63; P<.001), and
higher income were positively associated with
drinking with children present.

Those who answered “yes’ to the “presence
of child” had higher hazardous & cohol use
(11.6% vs 9.5%), lower no-problem scores
(81.2% vs 83.2%), and equal potential alco-
holism scores (7.2%, respectively) compared
to those who answered “no” (x2=12.4;
P=.002).

Garcia « May22todune .  Cross-sectional .
Cerdeetd, 30, 2021 survey
[56],2021 . LatinAmerica . N=12,328;
n=8136 (66%) fe-
male
Asia
Sugayaet . Junel5to 20, o  Cross-sectiona .
a [57], 2021 survey
2021 o Japan «  N=11,427;
n=6388 (55.9%)
parents
80R: odds ratio.

PAUDIT-C: Alcohol Use Disorders | dentification Test—Consumption.
¢PICO: Population, Intervention, Comparison, Outcome.

9BRFSS: Behavioral Risk Factor Surveillance System.

EAOR: adjusted odds ratio.

fAUF: acohol use frequency.

Of the 40 included studies, 11 (28%) were also included in the
2 systematic reviews. To prevent undue inflation of support for
the themes identified, we cited only the origina papers to
support specific themes.

Having Children at Homeasa Factor Associated With
Parental Patterns of Alcohol Use

Many of the studies demonstrated linkages between parental
alcohol use and the presence of children at home. Many studies
found that, compared to not having children aged <18 years at
home, having children at home was a significant predictor for
an increase in acohol consumption during the COVID-19
pandemic in the United States [32-36,38-40], Canada
[26,27,29,30], Australia [42-44], Norway [48], Belgium [54],
Germany [49], France [55], the United Kingdom [51,53], and
Japan [57]. In aglobal survey study of 1346 adults (half of the
sample were from the United Kingdom and United States),
having children at home was a significant factor for increases
in acohol consumption, as operationalized by Alcohol Use
Disorders Identification Test scores [22]. Participants in a
nationally representative US sample of 2-parent households

https://www.i-jmr.org/2024/1/e48339

sustained increases in drinking days over the first 4 months of
the COVID-19 pandemic, compared with the pre-COVID-19
baseline [38]. These findings are consistent with the conclusion
of a higher incidence of increased drinking by adults with
children at home compared with adultswith no children at home
in 2 systematic reviewsduring the COVID-19 pandemic[4,23].
Moreover, alarge-scale global cross-sectional study involving
37,206 participants across 38 countries found households with
children were significantly more likely to increase alcohol use
compared to households with adults only [21]. An Australian
survey of 4022 adults found that participants with children at
home were more likely to increase the frequency of consuming
alcohol along with other unhealthy foods (eg, snacks and
sugared beverages) [42].

On the contrary, some studies indicated patterns of decreased
parental drinking during the pandemic. In the United States,
Weerakoon et d [41] found that therewas no significant increase
or decrease in parental drinking compared with participants
with no children living at home (n=1928, 42% parents);
moreover, having children in the household was associated with
a decreased risk of binge drinking. Similarly, in Canada,
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Zajacova et al [31] found that in a sample of 4319 adults (of
whom, 30% (n=1296) had children aged <18 years at home),
having children at home was associated with a lower rate of
alcohol consumption. A 13-wave longitudinal study of
Australian parents found that the frequency of alcohol use
decreased over time, although there was no pre-COVID-19
consumption comparison [45]. In a large study of 35 Latin
American countries (N=12,328), the majority of participants
endorsed decreased drinking during the COVID-19 pandemic
when compared with prepandemic levels of drinking [56].

Studies carried out in Europe indicate a mixture of findings. In
astudy of 63,194 adultsin the Netherlands, Mangot-Sala et al
[50] found that when comparing adults living with children at
hometo adultsliving without children at home and adultsliving
alone, adults living with children drank less than the other 2
groups, suggesting that having children at home was protective
in terms of drinking behaviors. Households with children
reported atransient increase in drinking to prepandemic levels
only during the summer months when restrictions were rel axed
and families were more likely to gather, socialize, and engage
indrinking with others[50]. In a European study of 6720 parents
from (in the order of the largest number of participants per
country) Germany, Sweden, Spain, Italy, Belgium, the United
Kingdom, and the Netherlands, the proportion of parents who
endorsed increased drinking during the COVID-19 pandemic
(5%) were largely concentrated in the United Kingdom, with
19% (N=509) of UK parents reporting increases in drinking
behaviors [53]. This contrasts with the findings of another
UK-based longitudinal study, which found that having children
a home was associated with lower odds of increased
consumption [51]. A multiround cross-sectional study of adults
in Germany found that participantswho had children had higher
odds of increased alcohol use frequency during the first
lockdown (not significant) as well as during the easement of
restrictions (significant) but lower odds during the second
lockdown (not significant) [49].

In Australia, using a qualitative study of parents, Cook et a
[13] found that while many parentsin the sample indicated that
they increased their frequency of alcohol consumption, some
reported that they used the COVID-19 pandemic as an
opportunity to lower their frequency of drinking through the
absence of social opportunities for drinking.

Mixed Patterns of Drinking Among Mothersand
Fathers

Several studies indicated that fathers were more likely than
mothers to increase drinking during the COVID-19 pandemic
in North America[26,29,37], Australia[45,47], and the United
Kingdom [52]. Thisis in contrast to a global study by Kyaw
Hlaet al [21], where they found middle-aged, educated women
with children at home to be a high-risk group for increased
alcohol use during lockdowns. Hill MacEachern et al [27] also
identified that, among parent participants, women had slightly
higher odds of reporting increasesin a cohol consumption when
compared with men. Homeschooling was asignificant predictor
for increased drinking during the pandemic in North America
[24] and Australia [43]. Moreover, in a Canadian sample of
parents, having to engage in homeschooling for children had

https://www.i-jmr.org/2024/1/e48339
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an effect on maternal drinking. Desroches et al [25] found that
mothers spent more time homeschooling than fathers and that
both parents drank more when mothers spent more time
homeschooling. Moreover, mothers drank less when fathers
spent more time homeschooling [25]. Across their European
sample (N=6720), Thorell et al [53] found that across
subsamples from Sweden, Spain, Belgium, the Netherlands,
Germany, Italy, and the United Kingdom, only 5% of
homeschooling parents reported increased alcohol use. Freisthler
and Price Wolf [34] investigated mothers’ drinking patternsin
a longitudinal study of US mothers via 3 waves of data
collection (springtime of 2020, 2021, and 2022). Mothers
reported significantly more days of alcohol consumption in the
first wave when compared with the second and third waves;
however, the average number of drinks consumed during a
drinking day was greater in waves2 and 3[34]. Inthe qualitative
study by Cook et al [13], one of the participants described how
her own drinking habits changed while homeschooling during
the pandemic:

But then by mid-April, | was completely out of work
and we were still homeschooling, then drinking
started about lunchtime, like comeon, it's 12 o’ clock,
itts 5 o'clock somewhere, right. [Woman,
Queendand]

While Thomson et a [29] did not specifically examine
homeschooling, they found that looking after children while
working from home was associated with higher odds of
increased alcohol consumption.

Heterogenous L inkages Between Parental Patterns of
Alcohol Use and Mental Health

Several studies looked at alcohol use as a coping mechanism
for stress. In Australia, Johnson et al [46] found that parenting
stress modestly correlated with the Alcohol Use Disorders
Identification Test scores. In Canada, using path analysis,
Wardell et a [30] found that having children at home was
associated with greater alcohol consumption as a method of
coping with pandemic stressors.

The findings regarding the relationships between alcohol
consumption and mental health were mixed. Lamar et al [37]
found asignificant correl ation between mental health symptoms
(stress, depression, and anxiety) and increases in acohol
consumption in the United States. Qualitatively, parents in
Australia described that partaking in alcohol consumption at
the end of the day delineated a shift from time spent on the care
of childrento timefor self and served ameans of self-medicating
stress and anxiety [13]. Garcia-Cerde et al [56] found anxiety
to beaweak predictor of drinking with children presentin Latin
American countries. Thomson et al [29] and Joyce et al [28],
intheir Canadian studies, did not find asignificant link between
increased drinking and mental health symptoms, although Joyce
et al [28] reported that mothers with a history of a previously
existing anxiety disorder or elevated anxiety symptoms were
more likely to increase their substance use. Notably, an alcohol
use tracking app (Habit Tracker) that collected data from 83
countries (the mgjority from the United Kingdom and the United
States) found that although participantswith children (209/1134,
18.4% of the sample) indicated significant increasesin drinking

Interact JMed Res 2024 | vol. 13 | 48339 | p.272
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH

severity based on their Alcohol Use Disorders Identification
Test—Consumption scores, their level s of depression and anxiety
were lower relative to adults with no children, suggesting a
protective effect of having children at home[22].

Discussion

Principal Findings

Thefindings of this scoping review provide abroad examination
of the patterns of parental acohol consumption during the
COVID-19 pandemic. The global patterns of parental alcohol
use were heterogeneous and were influenced by the stage of
COVID-19 data collection and sociocultural contexts. Most of
the studies clustered around the first year and a haf of the
pandemic with regard to data collection. While lockdown
measures were associated with increased frequency and quantity
of acohol consumption for some Western, industrialized
countries, notably the United States, Canada, Australia, and the
United Kingdom, a number of studies found patterns of
decreased consumption. In Latin American and European Union
countries especialy, lockdown restrictions eliminated
opportunities for socializing and drinking outside the home.
Although these findings were mixed, there have been concerning
reports of increased alcohol-related deaths; a recent Statistics
Canada[58] report indicated an 18% increasein alcohol-related
deaths during the COVID-19 pandemic when compared to
previous years and that this was the largest change in
alcohol-related deaths over the past 20 years. Similarly, in the
United States, there were relative increases in deaths when
comparing 2019 and 2020 rates of alcohol-related mortality
[59], with childbearing-aged adults (ie, those aged 25 to 44
years) experiencing the largest increases. Angus et a [60] also
found that the rate of alcohol-related deaths (characterized as
“deaths of despair”) increased in the United Kingdom during
the COVID-19 pandemic. However, these reports did not
distinguish adults who were parenting and those who were not.

Although we had expected to find an association between
income support and alcohol use, many of the included studies
did not focus on income as a predictor of alcohol use, with the
exceptions of the study by Westrupp et a [47], which found a
modest association between financia deprivation and lower
alcohol use in Australia, and the study by Garcia-Cerde et al
[56], which found that individuals with a higher income were
morelikely to drink with children present. McAloney-Kocaman
et a [51], Greenwood et a [45], and Nordeck et a [38] did not
separate parents from nonparents when examining the
relationship between income and a cohol useand similarly found
that lower income predicted decreased use. This contrasts with
findings from the United Kingdom, which identified that the
most socioeconomically disadvantaged households increased
their alcohol purchases more than the least disadvantaged
households [61].

In our study, we found some differences in the gender-related
patterns of parental drinking, with some findings suggesting
that fathers were more likely to increase overall alcohol
consumption. Nonethel ess, having to homeschool their children
contributed to mothers' increases in drinking. Homeschooling
and the provision of childcare during day care closures were
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responsibilities that fell disproportionately on mothers [62],
with women also bearing greater employment-related
consequences, such asthe reduction of work hoursand job loss
related to childcare responsibilities [63]. The marketing of
alcohol to mothersthrough social mediawas especially rampant
(eg, through the use of hashtags such as #sendwine and slogans
such as “from wifi to wine time #distance learning”), which
calls into question the ethics of unmitigated marketing by the
alcohol industry [10,14]. In the United States, gender-related
differencesin drinking behaviors have changed over time, with
increasesin rates of alcohol consumption in adult women [64].
Some studiesindicate both mothers and fatherstend to decrease
drinking during the transition to parenthood, with little
difference between genders [65]. Meanwhile, other studies
indicate that parenting children aged <1 year was associated
with lower maternal drinking rates, whereas men’s drinking
habits changed little in response to parenthood [66]. Looking
at overal drinking habits, fathers have been shown to be less
likely to abstain from alcohol than mothers and consume greater
volumes of alcohol [67]. Age has also been shown to be afactor,
with young fathers more likely to partake in risky drinking
behaviors than young mothers [67]. A systematic review of
population-level alcohol policy interventionsindicated evidence
of gender-related differences in the impact of and exposure to
alcohol marketing and failure to provide gender-specific
recommendations [68].

Beyond the risk to parents’ own health are the possible effects
of parental alcohol consumption on children. Children are
inevitably exposed to parental alcohol use in the home
environment, and parents may even provide acohol for older
or adolescent children as away to “safely” introduce children
to alcohol in a parent-controlled home setting [69,70]. In the
United States, Maggs et a [71] found that in 1 in 6 families,
parents permitted their adolescents to drink in the home with
the family during the COVID-19 pandemic, changing from
prepandemic family practices of not permitting adolescent
drinking at home. Evidence indicates that parents supplying
even sipsof alcohol to children carriesincreased risks of adverse
alcohol outcomes, such as adolescent binge drinking, while
parental supply of whole drinkswas associated with higher odds
of binge drinking, acohol-related harms, and symptoms of
dependence for teens [69]. Taken together, there is reason to
continueto investigate parental patterns of alcohol consumption,
giventherange of negative short- and long-term health outcomes
for children.

Strengthsand Limitations

Strengths of this scoping review include the systematic search
processfollowed. Thefindings of this scoping review arelimited
by the heterogeneous ways in which alcohol consumption was
measured and the fact that not all studies had data on patterns
of consumption beforethe COVID-19 pandemic for comparison
purposes. This review includes alarge number of studies from
early in the pandemic and hence does not provide the complete
picture of the patterns of parental alcohol consumption from
the beginning of the COVID-19 pandemic in 2020 to the
removal of pandemic-related restrictions during 2022 and 2023.
Moreover, although the included studies differentiated patterns
of alcohol consumption among parenting adults and
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nonparenting adults, alimited number of studies differentiated
drinking habits between genders in parenting adults, which
limited the provision of a more granular examination of the
association between gender and alcohol consumption habitsin
parents.

Clinical Implications and Future Directions

Parental drinking can adversely affect childrenindirectly through
parent preoccupation and the diversion of parental attention and
supervision and directly through physical and verbal violence
in the home setting and influence children’slater drinking habits
[67,72]. Inthe 2023 Canada’'s Guidance on Alcohol and Health
[73] report, the Canadian Centre for Substance Use and
Addictionindicated that consuming >2 standard drinks per week
heightens risks for breast and colon cancers, heart disease, and
stroke, with the consumption of >6 drinks per week representing
high risk of harms. In line with these strong recommendations
for reducing alcohol intake to decrease health and social risks,
clinicians who work with families (eg, primary care providers,
nurses, and social workers) caninquire about clients’ frequency
and amount of alcohol consumption and counsel strategies for
moderating or reducing consumption. Thefindingsof thisreview
suggest that parents caring for children are a population that
requires more empirical investigation inrelation to theamounts
and frequency of alcohol consumption and problematic al cohol

Quet a

use. Gender—based dataanalysis of parental drinking behaviors
is also important for informing interventions and policies to
promote safe alcohol use among parents. Because parents
effectively serve as role models for children, their drinking
habits can influence children’s later drinking behaviors. It is
important to better understand how to assist parents in
moderating alcohol intake, given therisks of unmitigated al cohol
consumption.

Conclusions

Our scoping review indicated that the COVID-19 pandemic
influenced patterns of parental alcohol consumptionin different
ways. Sociocultural influences contributed to determining
whether having children at home was a protective or risk factor
for alcohol consumption. In countries where drinking alcohol
is more likely to occur in socia settings, such as at bars or
restaurants (eg, Latin American and some European countries),
parental consumption tended to decrease during the lockdown
restrictions, while in countries where drinking in the home
environment is the norm (eg, the United States, Canada, the
United Kingdom, and Australia), parental consumption tended
to increase. Given the known harms of alcohol, clinicians can
initiate conversations about parental drinking habits and counsel
moderation for parents who report amounts of drinking higher
than national guidelines.
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Abstract

Background: Diet-related diseases, such astype 2 diabetes, require strict dietary management to slow down disease progression
and call for innovative management strategies. Conventional diet monitoring places a significant memory burden on patients,
who may not accurately remember details of their meals and thus frequently falls short in preventing disease progression. Recent
advancesin sensor and computational technologies have sparked interest in devel oping eating detection platforms.

Objective: This review investigates central hemodynamic and thermoregulatory responses as potential biomarkers for eating
detection.

Methods: We searched peer-reviewed literature indexed in PubMed, Web of Science, and Scopus on June 20, 2022, with no
date limits. We al so conducted manual searchesin the same databases until April 21, 2024. We included English-language papers
demonstrating theimpact of eating on central hemodynamics and thermoregulation in healthy individuals. To evaluate the overall
study quality and assess the risk of bias, we designed a customized tool inspired by the Cochrane assessment framework. This
tool has 4 categories: high, medium, low, and very low. A total of 2 independent reviewers conducted title and abstract screening,
full-text review, and study quality and risk of biasanalysis. In instances of disagreement between the 2 reviewers, athird reviewer
served as an adjudicator.

Results: Our search retrieved 11,450 studies, and 25 met our inclusion criteria. Among the 25 included studies, 32% (8/25)
were classified as high quality, 52% (13/25) as medium quality, and 16% (4/25) aslow quality. Furthermore, we found no evidence
of publication bias in any of the included studies. A consistent postprandial increase in heart rate, cardiac output, and stroke
volumewas observed in at least 95% (heart rate: 19/19, cardiac output: 18/19, stroke volume: 11/11) of the studiesthat investigated
these variables' responses to eating. Specifically, cardiac output increased by 9%-100%, stroke volume by 18%-41%, and heart
rate by 6%0-21% across these studies. These changes were statistically significant (P<.05). In contrast, the 8 studiesthat investigated
postprandial thermoregulatory effects displayed grossly inconsistent results, showing wide variations in response with no clear
patterns of change, indicating a high degree of variability among these studies.

Conclusions;  Our findings demonstrate that central hemodynamic responses, particularly heart rate, hold promise for
wearabl e-based eating detection, as cardiac output and stroke volume cannot be measured by any currently available noninvasive
medical or consumer-grade wearables.

Trial Registration: PROSPERO CRD42022360600; https.//www.crd.york.ac.uk/prospero/display_record.php?Recordl D=360600

(Interact J Med Res 2024;13:€52167) doi:10.2196/52167
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Introduction

The rising incidence of diet-related diseases, such as coronary
heart disease [1], and type 2 diabetes [2] has led to the
emergence of aninnovativeresearch field called automated diet
monitoring [3,4]. The primary objective of this field is to
advance technol ogies that facilitate comprehensive monitoring
of critical elementsof food intake, such asmeal timing, duration,
guantity, and nutritional composition [5]. A fundamental aspect
of this field is eating detection [4], which involves using
technologies such as wearable devices to determine when an
individual is eating. This innovative approach holds immense
potential in empowering individuals to more accurately and
efficiently monitor their dietary habits and effectively manage
chronic diseases that require precise dietary control. By
leveraging wearable technologies, eating detection enables
real-time monitoring of meal timing, duration, and eating
patterns, thus providing valuable insights into eating behaviors
and supporting overall health and well-being.

Despite extensive research in eating detection [6-10], successful
deployment of eating detection platforms remains elusive.
Several challenges have hindered their widespread adoption,
including the use of custom-made wearables with impractical
formfactors[4,11] or privacy concerns[12]. Notable examples
include dental implants [11], on-body cameras [12], and
wrist-worn inertial sensors [13,14] (accel erometer, gyroscope,
or magnetometer), which pose significant challenges for
widespread acceptance. In addition, many studies have relied
on data collected in controlled laboratory or semicontrolled
field settings [6,15,16], leading to algorithms that struggle to
perform effectively in real-life scenarios filled with diverse
activities and situations.

Furthermore, while some studies have achieved accurate
detection of eating episodes [17-19], few have demonstrated
thefeasibility of real-timeimplementation [6], raising questions
about their suitability for usein free-living scenarios. Real-time
computation requires high-performance computing platforms
with long battery life, presenting significant challengesfor many
proposed solutions [6]. In addition, detecting eating episodes
during concurrent activities, such as walking, remains a
substantial hurdle that necessitates further algorithmic
improvements [7].

By the sametoken, most of the existing systemsrely onasingle
sensor with limited provisions for sensor failure or suboptimal
performance. In contrast, multimodal sensing, which involves
using different sensors on one or more devices, can provide
complementary and unique information, enhancing the
performance and reliability of eating detection platforms,
especially when combined with higher sampling rates [4,20].

Given the aforementioned challenges, extensive research
focusing on exploring untapped sensing signals and repurposing

https://www.i-jmr.org/2024/1/€52167

everyday wearable devicesfor eating detection remainscrucial.
In line with this objective, our review investigates the potential
of central hemodynamic and thermoregulatory responses to
food intake as promising biomarkers for eating detection.
Through a comprehensive analysis of the existing literature,
this review aims to shed light on the role of centra
hemodynamics and thermoregulation in monitoring esting
behavior, contributing valuableinsightstoward the devel opment
of effective and practical eating detection platforms.

Methods

Overview

Thisreview adheresto the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) [21] guidelines.
It isregistered on PROSPERO (CRD42022360600).

Information Sour ces

We searched peer-reviewed literature indexed in PubMed, Web
of Science, and Scopus on June 20, 2022, with no date limits.
We also conducted manual searchesin the same databases until
April 21, 2024. Before the official search, we identified a key
study [22] and decided to augment our search by retrieving
officialy provided similar studies from PubMed and Web of
Science.

Search Strategy

This review examines centra hemodynamic and
thermoregulatory responses to food intake as potential
biomarkers for wearable-based eating detection. To capture
relevant studies, our search used keywords such as
“hemodynamic,”  “haemodynamic*,”  “thermoregulat*,
“temperature regulation,” “body heat,” “body temperature,
“skin temperature,” “eating,” “med*,” “ingest*,” “intak*,’
“postprandial,” and “post-prandial.” We excluded all animal
studies from our search. While our search strategy did not
impose language restrictions on retrieved papers, we excluded
10 non-English-language papers published in Czech, French,
German, and Japanese. For a comprehensive overview of our
search strategy across all databases, please refer to Multimedia
Appendix 1.

Eligibility Criteria

All included studies were peer-reviewed journal and conference
papers published before April 21, 2024. Eligible studies had to
demonstrate theimpact of eating on central hemodynamicsand
thermoregulation, assessing metrics such as changes in heart
rate, blood pressure, cardiac output, core or skin temperature,
or stroke volume in healthy individuals.

We excluded non-English papers, animal research studies,
opinion pieces, letters, studies not specifically focusing on
central hemodynamics (eg, those focusing on renal dynamics),
studies using indirect calorimetry to measure postprandial
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thermogenesis, studiestesting drug effects, studies focusing on
water ingestion, long-term effects of food, and studies primarily
examining central hemodynamic and thermoregul atory responses
to food intake during or after exercise.

Screening and Selection

All retrieved studies were exported to Covidence [23], which
automatically identified and removed 1419 duplicates. In total,
2 reviewers independently conducted the title and abstract
screening and the full-text review. In cases of disagreement
between the 2 reviewers, a third reviewer acted as an
adjudicator.

Data Extraction and Synthesis

A total of 2 reviewersindependently conducted data extraction,
study quality assessment, and risk-of-bias assessment for each
included study. Any conflicts or discrepancies were resolved
by an adjudicator. In addition, if any of the included studies
referenced other studiesthat met our eligibility criteria, wealso
extracted relevant information from those referenced studies.
We extracted 8 study characteristics from the included studies
(Multimedia Appendix 2).
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Due to the heterogeneity in the outcomes and designs of the
included studies, we used a narrative data synthesis approach.
In our characteristic tables (Multimedia Appendix 2), we
summarized key findingsfrom each study, identifying common
themes, patterns, and differences. This approach alowed us to
integrate both quantitative and qualitative data, thus providing
acomprehensive overview of the current landscape. Finally, all
graphs were generated using ggplot2 in R (version 4.0.2; R
Foundation for Statistical Computing).

Results

Our searchretrieved 11,450 studies (1419 duplicates), resulting
in 10,031 studies being screened (Figure 1). Following the title
and abstract screening, 273 studies progressed to the full-text
review. Out of these, 21 studies met the eligibility criteria. In
addition, we conducted anested search within the references of
the 21 studies and identified 6 additional relevant studies. We
excluded 2 studies from the original 21 as they were review
papersreferencing other studiesaready included in our analysis.
Finally, we extracted data from the included 25 studies and
proceeded to analyze them.
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Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) diagram illustrating the article selection process.
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To assess overall study quality and risk of bias, we devel oped
acustom tool comprising 4 categories: high, medium, low, and
very low (Multimedia Appendix 3). This assessment tool was
based on the Cochrane assessment framework [24]. In total, 2
reviewers independently evaluated the study quality and risk
of bias for each study, with an adjudicator resolving any
conflicts. Among the 25 included studies, 32% (8/25) were
classified as high quality, 52% (13/25) as medium quality, and
16% (4/25) as low quality (Multimedia Appendix 3).
Furthermore, we found no evidence of publication biasin any
of theincluded studies.

Of the included studies, 14 physiological responses were
recorded. Multimedia Appendix 4 presents a breakdown of the
number of studies reporting each postprandial physiological
response. The number of participants per study ranged from 4
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to 104, with amean of 17 (SD 19). Out of the 416 participants
inthe 25 included studies, 230 (55.3%) were male, 180 (44.3%)
werefemale, and the remaining 6 (1.4%) had unknown sex. The
age of the participants in the included studies ranged from 18
to 69 years, and al participants were healthy. The sessions
varied in duration, spanning from 10 minutes to 8 hours, and
the provided food items included cake, cheese, filet mignon,
and boiled eggs, among other foods.

Our findings overwhel mingly demonstrate a significant increase
in heart rate after eating; 19 included studiesinvestigated heart
rate, and all 19 studies showed a statistically significant (P<.05)
rise ranging from 6% to 21% (Multimedia Appendix 2).
Furthermore, the postprandial effects of heart rate were found
to be generally similar in both supine and erect positions
(Multimedia Appendix 2). In addition, therewas strong evidence
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supporting an increase in cardiac output after food ingestion,
with 18 of the 19 studies on cardiac output showing a
statistically significant (P<.05) postprandial increase ranging
from 9% to 100%, and only 1 study showing a statistically
insignificant (P>.05) response for a high-fat liquid meal
consisting of emulsified peanut oil (Multimedia Appendix 2).
Similarly, data from 11 studies revealed strong evidence
supporting a postprandial increase in stroke volume, ranging
from 18% to 41% (Multimedia Appendix 2). These results
collectively highlight the consistent and significant
cardiovascular responses associated with food intake.

Out of the 25 included studies, 16 (64%) investigated the
response of blood pressure to food ingestion; however, the
results were inconclusive (Multimedia Appendix 2). Among
these studies, 7 observed a postprandial increase in systolic
blood pressure, while 4 found astatistically insignificant (P>.05)
response, and 1 study even reported a postprandial decrease.
Similarly, 8 studies found a postprandial decrease in diastolic
blood pressure, while 3 studiesfound a statistically insignificant
(P>.05) response, and 1 study observed a postprandial increase.
Regarding mean blood pressure, the findings indicated either
inconsistent postprandial behavior or astatistically insignificant
(P>.05) response (Multimedia Appendix 2).

A total of 2 studies investigated the response of vascular
resistance to food ingestion; one study focused solely on
systemic vascular resistance, while the other study researched
both systemic and mesenteric vascular resistance (Multimedia
Appendix 2). Both studies observed a statistically significant
(P<.05) postprandial decrease in vascular resistance.

In addition, 6 studies examined the response of blood flow in
the hand, calf, and superior mesenteric artery to food ingestion
(Multimedia Appendix 2). However, the postprandial effects
of blood flow in the hand or calf were unclear. A total of 2
studiesindicated a statistically significant (P<.05) postprandial
increase in hand and calf blood flow, while 3 studies found a
statistically insignificant (P>.05) change (M ultimedia A ppendix
2). Furthermore, 5 studies explored the response of oxygen
uptake to food intake. In total, 3 of these studies observed a
postprandial increase in oxygen uptake (more details in
Multimedia Appendix 2). In addition, 1 study showed an
inconsistent response, and another reported a statistically
insignificant change (P>.05). Finally, the postprandial effects
of skin or coretemperature were found to be grossly inconsistent
(Multimedia Appendix 2). A total of 5 studies reported
inconsistent responses of skin or core temperature to food
ingestion, 2 studies observed a postprandial increase, and 1
study found a statisticaly insignificant (P>.05) response
(Multimedia Appendix 2).

Chikwetu et d

Discussion

The primary objective of this systematic review was to
investigate central hemodynamic and thermoregulatory
responses to food intake as potential biomarkers for detecting
eating events. Among the 25 studiesincluded in this review, at
least 95% (heart rate: 19/19, cardiac output: 18/19, stroke
volume: 11/11) of those investigating the response of heart rate,
cardiac output, and stroke volume to food ingestion reported
consistent, statistically significant (P<.05) elevations in these
variables. In contrast, the postprandial thermoregulatory effects
were markedly inconsistent acrossthe 8 studiesthat investigated
them.

Our findings provide valuable insights into the physiological
changes that occur after food consumption and shed light on
potential biomarkers for detecting eating events. They
consistently demonstrate significant cardiovascular responses
associated with food intake (Multimedia Appendix 2).
Specifically, heart rate showed a significant increase after eating,
as evidenced by 19 studies, with the rise ranging from 6% to
21% (Multimedia A ppendix 4 and Textbox 1). Similarly, cardiac
output and stroke volume exhibited a robust postprandial
increase, with 18 studies on cardiac output showing a significant
rise ranging from 11% to 100%, and 11 studies revealing a
postprandial increase in stroke volume, ranging from 18% to
41% (Multimedia Appendix 4 and Textbox 1). These findings
suggest that heart rate, cardiac output, and stroke volume may
serve as reliable biomarkers for detecting eating events.
However, it is worth mentioning that 1 study reported a
statistically insignificant (P>.05) cardiac output response to a
high-fat liquid meal [25], while 9 studies reported different
postprandial effects depending on the composition of the
consumed food, underscoring the potential influence of dietary
composition on cardiovascular reactions. Consequently, it is
worth exploring whether eating detection using cardiovascular
responses, particularly heart rate, could be enhanced to sense
macronutrients in the ingested food. A particular area of focus
could be carbohydrate-aware eating detection platforms, which
would have the ability to classify the amount of carbohydrates
in the food a person has just eaten into 2 classes that are
high-carbohydrate and low-carbohydrate. We anticipate thisto
be feasible since several studies have demonstrated that
postprandial heart rate changes within the first hour of eating
correlate with the carbohydrate content in the food an individual
has just consumed [25-28]. Accordingly, individuals could
receive alerts when their meals are carbohydrate-rich, thus
empowering them with more information about the foods they
consume. In addition, decision support systems for diabetes
management could use the inferred postprandial carbohydrate
information to improve patient outcomes by personalizing
patient recommendations based on their diet information.

Textbox 1. Postprandial percentage increase range for cardiac output, stroke volume, and heart rate.

Postprandial percentage increaserange
«  Cardiac output: 9%-100%

«  Stroke volume: 18%-41%

e  Heartrate: 6%-21%
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Currently, there are no noninvasive consumer or medical-grade
wearables capable of measuring cardiac output and stroke
volume. Asaresult, heart rate remainsthe only signal that could
feasibly be used in everyday eating detection platforms. Studies
using heart rate for eating detection are aready underway, but
they have primarily focused on animal studies so far [29,30].
A notable study conducted in humans used consumer
smartwatches and successfully detected eating events using
heart rate with an accuracy of 98.6% [31]. However, the
sensitivity, specificity, and F;-scores were very low, with an
F,-score as low as 2% in one of the experiments [31]. We
anticipate that using high-resolution dataand conducting initial
experiments in stationary situations without vigorous physical
activity could facilitate a better understanding of heart
rate-based eating detection systems.

Conversely, the findings concerning blood pressure responses
were inconclusive. Of the 25 studies included, 16 (64%)
investigated blood pressure changes following food ingestion,;
however, the results were inconsistent for systolic, diastalic,
and mean blood pressure changes (Multimedia Appendix 2).
The lack of consensus on blood pressure responses may limit
its potential as a reliable biomarker for eating detection using
wearable devices.

Vascular resistance and blood flow were also examined in a
subset of the included studies (n=2 and n=6, respectively).
Interestingly, vascular resistance showed a consistent
postprandial decrease in both studies that investigated this
parameter (Multimedia Appendix 2). On the other hand, the
effects of postprandial blood flow in the hand, calf, and superior
mesenteric artery were inconclusive, with some studies
indicating postprandia effects, while othersfound no significant
changes (Multimedia Appendix 2). Consequently, the use of
vascular resistance and blood flow as biomarkers for eating
detection may require further investigation and validation.

Furthermore, oxygen uptake responses after food intake were
exploredin 5 studies (Multimedia Appendix 2). While 3 studies
showed a postprandial increase in oxygen uptake, 1 study
reported inconsistent results, and another found no significant
change. These mixed findings suggest that oxygen uptake may
have limited use as a standal one biomarker for wearable-based
eating detection.

Finaly, postprandial temperature effects were found to be
grossly inconsistent (Multimedia Appendix 2). While many
studies have focused on determining the thermic effect of food
[32-34] through calorimetry, very littleis known about the skin
or core temperature response to eating, and this review aimed
to bridge that gap. Among the included studies, 2 reported a
postprandial increase in temperature, while 5 studies revealed
inconsistent responses, and 1 study found no significant change
(Multimedia Appendix 2). The inconsistency in temperature
responses warrants caution when considering temperature-based
biomarkers for eating detection. In addition, temperature can
be easily affected by environmental factors, and there is often
atime lag before individuals elicit any temperature change in
response to any physiological or environmental factors.

https://www.i-jmr.org/2024/1/€52167
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While our systematic review provides valuable insights, there
are several limitations that should be acknowledged. First, the
avallable literature on central  hemodynamic and
thermoregulatory responses to food intake might be limited,
potentially leading to arestricted pool of studiesto learn from.
Samplesizes and study methodol ogies varied significantly, and
this heterogeneity could have affected the ability to draw
definitive conclusions for many variables. Furthermore, the
majority of the studies focused on heart rate, cardiac output,
and stroke volume, leaving other potential biomarkers
underexplored. Theinconsistency in the postprandial effectson
blood pressure, blood flow, oxygen uptake, and temperature
further highlights the need for more comprehensive research in
these areas. In addition, it isimportant to note that all included
studies were based on healthy participants, so the results from
this review might not be fully extensible to the broader
population, and their applicability to individuals with specific
health conditions remains uncertain.

Out of the 25 included studies, 19 (76%) were conducted before
2000 using contemporary devices, which might have
compromised the results' quality compared with more recent
studies that may have benefitted from the advances in modern
technology. Recent advancementsin precision, data collection,
and analytical tools could significantly improve the accuracy
and reliability of these findings. All studies included in this
review had the goal of wanting to understand the postprandial
effects of the concerned signals, and they were measuring
changesin adiscrete fashion as opposed to a continuous fashion.
Furthermore, the quality assessment of the included studies
indicated that 17 (68%) of the studies were categorized as
medium or low quality, mostly because they did not provide
information on the devices used or the frequency at which data
was collected. While efforts were made to minimize bias during
the review process, the quality of data reported in the primary
studies could influence the overall robustness of our findings.

Overall, theinsights gained from this systematic review provide
astrong foundation for future research and the development of
wearabl e technol ogies aimed at enhancing eating detection and
monitoring. Central hemodynamic responses, particularly heart
rate, offer promising prospects for wearable-based eating
detection. Asother identified biomarkers, such as cardiac output
and stroke volume cannot be measured by any currently
available noninvasive medical or consumer-grade wearable,
heart rate remains a valuable signal for this purpose.

Given the consistent postprandial heart rate effects in both
supine and erect positions, heart rate-based eating detection
technologies have the potential to revolutionize assisted living
care, particularly in enhancing monitoring and support for
bedridden individual s. For instance, thistechnology could track
and verify that patients are receiving meals at prescribed times,
providing reassurance to doctors and family members that
dietary guidelines are being followed and proper careis being
administered. Despite its potential, the complexity of the heart
rate signal, influenced by factors such as physical exercise[35]
and stress responses [36], may complicate its ability to detect
eating events. To accurately identify eating episodes, algorithms
must account for these variables and differentiate between heart
rate changes dueto eating and other activities. Integrating heart
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rate datawith additional sensors, such as electrodermal activity
(EDA) sensors, which measure skin conductance and emotional
states [37,38], and inertial measurement units (IMUs) sensors,
such as accel erometers and gyroscopes, which monitor physical
activity or hand movements, could enhance algorithm
performance. This multimodal approach increases context
awareness, alowing for clearer distinctions between
physiological changes from eating and other activities, such as
exercise or emotional states. By reducing false positives, such
systems can become more sensitive and specific to changes
associated with eating. It is also important to note, however,

Chikwetu et d

the risk of reidentification [39]. Therefore, any systems using
these signal s should be properly secured to mitigate this privacy
concern.

In conclusion, central hemodynamic responses, particularly
heart rate, show promise for wearable-based eating detection.
Future studies could aim for larger sample sizes, standardized
protocols, and well-controlled experimental conditions to
enhance the generalizability and reliability of the results. In
addition, investigating how these findings apply to diverse
populations and individuals with specific health conditions is

that many signals, including heart rate, EDA, and IMUs, carry crucial for broader application and impact.

Acknowledgments

Theauthorswould liketo expresstheir gratitude to Sarah Park, the engineering and computer sciencelibrarian at Duke University,
for her invaluable assistance in designing the search strategy. No funding was received for this study.

Data Availability

All datagenerated in this study are available in the appendices. The search strategy can be found in Multimedia Appendix 1, and
thelist of extracted study characteristics for each included study isin Multimedia Appendix 2. In addition, the risk-of-bias and
study quality assessments are provided in Multimedia Appendix 3, and the postprandial physiological responses, along with the
number of studies reporting data for each category, are in Multimedia Appendix 4.

Authors Contributions

L C conceived the study. LC, AT, and PV designed the search strategy. L C retrieved all searches from the databases and exported
them to Covidence. LC, AT, and PV conducted the title and abstract screening, full-text review, and data extraction for this study.
LC created al tables, graphs, and other visual representations, and AT and PV participated in the quality assurance process for
all tables, graphs, and visual representations. L C drafted the manuscript, and all other authors read, edited, and approved the final
manuscript.

Conflictsof Interest
None declared.

Multimedia Appendix 1
Search strategy.
[PDF File (Adobe PDF File), 38 KB - ijmr_v13i1e52167_appl.pdf ]

Multimedia Appendix 2
Characteristics of included studies.
[PDFE File (Adobe PDF File), 196 KB - ijmr_v13i1e52167_app?2.pdf ]

Multimedia Appendix 3
Study quality and publication bias assessment.
[PDF File (Adobe PDF File), 164 KB - ijmr_v13i1e52167_app3.pdf ]

Multimedia Appendix 4
Postprandial physiological responses and the number of studies reporting data for each category.
[PDE File (Adobe PDF File), 28 KB - ijmr_v13i1e52167_app4.pdf |

Multimedia Appendix 5
PRISMA Checklist.
[DOCX File, 30 KB - ijmr_v13i1e52167_app5.docx ]

References

https://www.i-jmr.org/2024/1/€52167 Interact JMed Res 2024 | vol. 13 | €52167 | p.285

(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=ijmr_v13i1e52167_app1.pdf&filename=9e3755c49787c66f77cc2617a7b1e1a3.pdf
https://jmir.org/api/download?alt_name=ijmr_v13i1e52167_app1.pdf&filename=9e3755c49787c66f77cc2617a7b1e1a3.pdf
https://jmir.org/api/download?alt_name=ijmr_v13i1e52167_app2.pdf&filename=f6d7445c5f5b817ea78d09fcdcfbcf12.pdf
https://jmir.org/api/download?alt_name=ijmr_v13i1e52167_app2.pdf&filename=f6d7445c5f5b817ea78d09fcdcfbcf12.pdf
https://jmir.org/api/download?alt_name=ijmr_v13i1e52167_app3.pdf&filename=8b7651197ef18a08ed764c9292042d71.pdf
https://jmir.org/api/download?alt_name=ijmr_v13i1e52167_app3.pdf&filename=8b7651197ef18a08ed764c9292042d71.pdf
https://jmir.org/api/download?alt_name=ijmr_v13i1e52167_app4.pdf&filename=6319b05b2e9d2500364ba529aed32b3f.pdf
https://jmir.org/api/download?alt_name=ijmr_v13i1e52167_app4.pdf&filename=6319b05b2e9d2500364ba529aed32b3f.pdf
https://jmir.org/api/download?alt_name=ijmr_v13i1e52167_app5.docx&filename=1c1918f50443f798eceb1537b809a9c0.docx
https://jmir.org/api/download?alt_name=ijmr_v13i1e52167_app5.docx&filename=1c1918f50443f798eceb1537b809a9c0.docx
http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Chikwetu et al

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Vaduganathan M, Mensah GA, Turco JV, Fuster V, Roth GA. The global burden of cardiovascular diseases and risk: a
compass for future health. JAm Coll Cardiol 2022;80(25):2361-2371 [FREE Full text] [doi: 10.1016/].jacc.2022.11.005]
[Medline: 36368511]

Khan MAB, Hashim MJ, King JK, Govender RD, MustafaH, Al Kaabi J. Epidemiology of type 2 diabetes - global burden
of disease and forecasted trends. J Epidemiol Glob Health 2020;10(1):107-111 [FREE Full text] [doi:
10.2991/jegh.k.191028.001] [Medline: 32175717]

Hassannegjad H, Matrella G, Ciampolini P, De Munari I, Mordonini M, Cagnoni S. Automatic diet monitoring: areview of
computer vision and wearabl e sensor-based methods. Int J Food Sci Nutr 2017;68(6):656-670. [doi:
10.1080/09637486.2017.1283683] [Medline: 28139173]

Prioleau T, Moore Li E, Ghovanloo M. Unobtrusive and wearable systems for automatic dietary monitoring. |EEE Trans
Biomed Eng 2017;64(9):2075-2089. [doi: 10.1109/TBME.2016.2631246] [Medline: 28092510]

Chikwetu L, Daily S, Mortazavi BJ, Dunn J. Automated diet capture using voice alerts and speech recognition on smartphones:
pilot usability and acceptability study. IMIR Form Res 2023;7:e46659 [ FREE Full text] [doi: 10.2196/46659] [Medline:
37191989

Nyamukuru M, Odame K. Tiny eats: eating detection on a microcontroller. 2020 Presented at: Proceedings of 2020 |EEE
Second Workshop on Machine Learning on Edgein Sensor Systems (SenSys-ML); April 21, 2020; Sydney, NSW, Australia
p. 19-23. [doi: 10.1109/sensysml50931.2020.00011]

Sharma S, Jasper P, Muth E, Hoover A. The impact of walking and resting on wrist motion for automated detection of
meals. ACM Trans. Comput. Healthcare 2020;1(4):1-19. [doi: 10.1145/3407623]

Olubanjo T, Ghovanloo M. Real-time swallowing detection based on tracheal acoustics. 2014 Presented at: Proceedings
of 2014 |EEE International Conference on Acoustics, Speech and Signal Processing (ICASSP); May 4-9, 2014; Florence,
Italy p. 4384-4388. [doi: 10.1109/icassp.2014.6854430]

Saphala A, Zhang R, Amft O. Proximity-based eating event detection in smart eyeglasses with expert and data models.
New York, NY, United States: ACM; 2022 Presented at: Proceedings of the 2022 ACM Int Symp Wearable Comput;
September 11-15, 2022; Cambridge, United Kingdom p. 59-63. [doi: 10.1145/3544794.3558476]

Gao'Y, Zhang N, Wang H, Ding X, Ye X, Chen G, et a. iHear food: eating detection using commodity bluetooth headsets.
Piscataway, New Jersy: |EEE; 2016 Presented at: Proceedings of the 2016 | EEE First I nternational Conference on Connected
Health: Applications, Systems and Engineering Technologies (CHASE); June 27-29, 2016; Washington, DC, USA URL.:
https.//www.researchgate.net/publication/306301557_iHear Food Eating_Detection_Using_Commodity Bluetooth Headsets
[doi: 10.1109/chase.2016.14]

Li CY, Chen YC, Chen WJ, Huang P, Chu H. Sensor-embedded teeth for oral activity recognition. New York, NY, United
States: ACM Press; 2013 Presented at: Proceedings of the 17th Annual International Symposium on Wearable Computers
- ISWC 13; September 8-12, 2013; Zurich, Switzerland. [doi: 10.1145/2493988.2494352]

Thomaz E, Parnami A, Essal, Abowd G. Feasibility of identifying eating moments from first-person images leveraging
human computation. New York, NY, US: ACM Press; 2013 Presented at: Proceedings of the 4th Int SenseCam Pervasive
Imaging Conference - SenseCam '13; November 18-19, 2013; San Diego, California. [doi: 10.1145/2526667.2526672]
Sharma S, Jasper P, Muth E, Hoover A. The impact of walking and resting on wrist motion for automated detection of
meals. ACM Trans. Comput. Healthcare 2020;1(4):1-19. [doi: 10.1145/3407623]

Zhang S, Alharbi R, Nicholson M, Alshurafa N. When generalized eating detection machine learning models fail in the
field. New York, NY, US: ACM; 2017 Presented at: Proceedings of the 2017 ACM Int X Conf Pervasive Ubiquitous
Comput Proc 2017 ACM Int Symp Wearable Comput; September 11-17, 2017; Maui, Hawaii. [doi:
10.1145/3123024.3124409]

Sazonov E, Schuckers S, Lopez-Meyer P, Makeyev O, Sazonova N, Melanson EL, et a. Non-invasive monitoring of
chewing and swallowing for objective quantification of ingestive behavior. Physiol Meas 2008;29(5):525-541 [FREE Full
text] [doi: 10.1088/0967-3334/29/5/001] [Medline: 18427161]

Kandori A, Yamamoto T, Sano Y, OonumaM, MiyashitaT, MurataM, et al. Simple magnetic swallowing detection system.
|EEE Sensors J 2012;12(4):805-811. [doi: 10.1109/jsen.2011.2166954]

Walker WP, Bhatia DK. Automated ingestion detection for a health monitoring system. IEEE J Biomed Health Inform
2014;18(2):682-692. [doi: 10.1109/JBHI.2013.2279193] [Medline: 24043408]

Xu'Y, Guanling C, Yu C. Automatic eating detection using head-mount and wrist-worn accel erometers. Piscataway, New
Jersey: |EEE; 2015 Presented at: Proceedings of the 2015 17th Int Conf E-Health Netw Appl Serv Heal; October 14-17,
2015; Boston, MA p. 578. [doi: 10.1109/healthcom.2015.7454568]

Hotta S, Mori T, Uchida D, Maeda K, YaginumaY, Inomata A. Eating moment recognition using heart rate responses.
New York, NY, United States: ACM; 2017 Presented at: Proceedings of the 2017 ACM Int J Conf Pervasive Ubiquitous
Comput Proc 2017 ACM Int Symp Wearable Comput; September 11-15, 2017; Maui, Hawalii p. 69-72. [doi:
10.1145/3123024.3123093]

Bedri A, Li R, Haynes M, Kosaraju RP, Grover |, Prioleau T, et a. EarBit: using wearable sensors to detect eating episodes
in unconstrained environments. Proc ACM Interact Mob Wearable Ubiquitous Technol 2017;1(3):1-20 [FREE Full text]
[doi: 10.1145/3130902] [Medline: 30135957]

https://www.i-jmr.org/2024/1/€52167 Interact JMed Res 2024 | vol. 13 | €52167 | p.286

(page number not for citation purposes)


https://linkinghub.elsevier.com/retrieve/pii/S0735-1097(22)07312-0
http://dx.doi.org/10.1016/j.jacc.2022.11.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36368511&dopt=Abstract
https://europepmc.org/abstract/MED/32175717
http://dx.doi.org/10.2991/jegh.k.191028.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32175717&dopt=Abstract
http://dx.doi.org/10.1080/09637486.2017.1283683
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28139173&dopt=Abstract
http://dx.doi.org/10.1109/TBME.2016.2631246
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28092510&dopt=Abstract
https://formative.jmir.org/2023//e46659/
http://dx.doi.org/10.2196/46659
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37191989&dopt=Abstract
http://dx.doi.org/10.1109/sensysml50931.2020.00011
http://dx.doi.org/10.1145/3407623
http://dx.doi.org/10.1109/icassp.2014.6854430
http://dx.doi.org/10.1145/3544794.3558476
https://www.researchgate.net/publication/306301557_iHear_Food_Eating_Detection_Using_Commodity_Bluetooth_Headsets
http://dx.doi.org/10.1109/chase.2016.14
http://dx.doi.org/10.1145/2493988.2494352
http://dx.doi.org/10.1145/2526667.2526672
http://dx.doi.org/10.1145/3407623
http://dx.doi.org/10.1145/3123024.3124409
https://europepmc.org/abstract/MED/18427161
https://europepmc.org/abstract/MED/18427161
http://dx.doi.org/10.1088/0967-3334/29/5/001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18427161&dopt=Abstract
http://dx.doi.org/10.1109/jsen.2011.2166954
http://dx.doi.org/10.1109/JBHI.2013.2279193
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24043408&dopt=Abstract
http://dx.doi.org/10.1109/healthcom.2015.7454568
http://dx.doi.org/10.1145/3123024.3123093
https://europepmc.org/abstract/MED/30135957
http://dx.doi.org/10.1145/3130902
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30135957&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Chikwetu et al

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et a. The PRISMA 2020 statement: an updated
guidelinefor reporting systematic reviews. BMJ2021;372:n71 [FREE Full text] [doi: 10.1136/bmj.n71] [Medline: 33782057]
Kelbaek H, Munck O, Christensen NJ, Godtfredsen J. Central haemodynamic changes after a meal. Br Heart J
1989;61(6):506-509 [FREE Full text] [doi: 10.1136/hrt.61.6.506] [Medline: 2757863]

Covidence - Better systematic review management. Melbourne, Australia: Covidence URL: https://www.covidence.org/
[accessed 2023-07-09]

Higgins JPT, Altman DG, Ggtzsche PC, Jini P, Moher D, Oxman AD, Cochrane Bias Methods Group, Cochrane Statistical
Methods Group. The cochrane collaboration's tool for ng risk of biasin randomised trials. BMJ 2011;343:d5928.
[doi: 10.1136/bmj.d5928] [Medline: 22008217)

Hawley SK, Channer KS. Relative effects of fat-, carbohydrate- and protein-containing liquid diets on cardiac output in
healthy adult subjects. Clin Sci (Lond) 1992;83(4):483-487. [doi: 10.1042/cs0830483] [Medline: 1330411]

Dagenais GR, Oriol A, McGregor M. Hemodynamic effects of carbohydrate and protein mealsin man: rest and exercise.
JAppl Physiol 1966;21(4):1157-1162 [FREE Full text] [doi: 10.1152/jappl.1966.21.4.1157] [Medline: 5916644]

Hgost U, Kelbaek H, Rasmusen H, Court-Payen M, Christensen NJ, Pedersen-Bjergaard U, et al. Haemodynamic effects
of eating: therole of meal composition. Clin Sci (Lond) 1996;90(4):269-276. [doi: 10.1042/cs0900269] [Medline: 8777833]
Waaler BA, Eriksen M. Post-prandial cardiovascular responsesin man after ingestion of carbohydrate, protein or fat. Acta
Physiol Scand 1992;146(3):321-327. [doi: 10.1111/].1748-1716.1992.tb09426.x] [Medline: 1481689]

Shen 'Y, Arablouei R, de Hoog F, Xing H, Malan J, Sharp J, et al. In-situ fish heart-rate estimation and feeding event
detection using an implantable biologger. | EEE Trans M ob Comput 2023;22(2):968-982. [doi: 10.1109/tmc.2021.3086496]
Shen Y, Arablouei R, Hoog FD, Malan J, Sharp J, Shouri S, et a. Estimating heart rate and detecting feeding events of fish
using an implantable biologger. Piscataway, New Jersey: | EEE; 2020 Presented at: Proceedings of the 2020 19th ACM/IEEE
International Conference on Information Processing in Sensor Networks (IPSN); April 21-24, 2020; Sydney, NSW, Australia
p. 37. [doi: 10.1109/ipsn48710.2020.00-48]

Hotta S, Mori T, Uchida D, Maeda K, YaginumaY, Inomata A. Eating moment recognition using heart rate responses.
New York, NY, United States: ACM; 2017 Presented at: Proceedings of the 2017 ACM Int J Conf Pervasive Ubiquitous
Comput Proc 2017 ACM Int Symp Wearable Comput; September 11-15, 2017; Maui, Hawaii p. 69-72. [doi:
10.1145/3123024.3123093]

Warwick PM. Thermic and glycemic responses to bread and pasta meals with and without prior low-intensity exercise. Int
J Sport Nutr Exerc Metab 2007;17(1):1-13. [doi: 10.1123/ijsnem.17.1.1] [Medline: 17460329]

Calcagno M, Kahleova H, Alwarith J, Burgess NN, Flores RA, BustaML, et a. The thermic effect of food: areview. JAm
Coll Nutr 2019;38(6):547-551. [doi: 10.1080/07315724.2018.1552544] [Medline: 31021710]

Scott CB, Devore R. Diet-induced thermogenesis: variations among three isocal oric meal-replacement shakes. Nutrition
2005;21(7-8):874-877. [doi: 10.1016/j.nut.2004.12.010] [Medline: 15975497]

Mostardi R, KubicaR, Veicsteinas A, Margaria R. The effect of increased body temperature due to exercise on the heart
rate and on the maximal aerobic power. Eur JAppl Physiol Occup Physiol 1974;33(3):237-245. [doi: 10.1007/BF00421151]
[Medline: 4442403]

Taelman J, Vandeput S, Spaepen A, Van Huffel S. Influence of Mental Stress on Heart Rate Heart Rate Variability. Berlin,
Heidelberg: Springer; 2009 Presented at: Proceedings of the 4th European Conference of the International Federation for
Medical and Biological Engineering; November 23-27, 2008; Antwerp, Belgium p. 1366-1369. [doi:
10.1007/978-3-540-89208-3_324]

Kappeler-Setz C, Gravenhorst F, Schumm J, Arnrich B, Troster G. Towards long term monitoring of electrodermal activity
in daily life. Pers Ubiquit Comput 2011;17(2):261-271 [FREE Full text] [doi: 10.1007/s00779-011-0463-4]

Caruelle D, Gustafsson A, Shams P, Lervik-Olsen L. The use of electrodermal activity (EDA) measurement to understand
consumer emotions —aliterature review and a call for action. Journal of Business Research 2019;104:146-160. [doi:
10.1016/j.jbusres.2019.06.041]

Chikwetu L, Miao Y, Woldetensae MK, Bell D, Goldenholz DM, Dunn J. Does deidentification of data from wearable
devices give us afalse sense of security? A systematic review. Lancet Digit Health 2023;5(4):€239-e247 [FREE Full text]
[doi: 10.1016/S2589-7500(22)00234-5] [Medline: 36797124]

Abbreviations

EDA: electrodermal activity
IMU: inertial measurement units
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses

https://www.i-jmr.org/2024/1/€52167 Interact JMed Res 2024 | vol. 13 | €52167 | p.287

(page number not for citation purposes)


http://www.bmj.com/lookup/pmidlookup?view=long&pmid=33782057
http://dx.doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33782057&dopt=Abstract
https://heart.bmj.com/content/61/6/506
http://dx.doi.org/10.1136/hrt.61.6.506
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2757863&dopt=Abstract
https://www.covidence.org/
http://dx.doi.org/10.1136/bmj.d5928
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22008217&dopt=Abstract
http://dx.doi.org/10.1042/cs0830483
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1330411&dopt=Abstract
https://journals.physiology.org/doi/abs/10.1152/jappl.1966.21.4.1157
http://dx.doi.org/10.1152/jappl.1966.21.4.1157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=5916644&dopt=Abstract
http://dx.doi.org/10.1042/cs0900269
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8777833&dopt=Abstract
http://dx.doi.org/10.1111/j.1748-1716.1992.tb09426.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1481689&dopt=Abstract
http://dx.doi.org/10.1109/tmc.2021.3086496
http://dx.doi.org/10.1109/ipsn48710.2020.00-48
http://dx.doi.org/10.1145/3123024.3123093
http://dx.doi.org/10.1123/ijsnem.17.1.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17460329&dopt=Abstract
http://dx.doi.org/10.1080/07315724.2018.1552544
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31021710&dopt=Abstract
http://dx.doi.org/10.1016/j.nut.2004.12.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15975497&dopt=Abstract
http://dx.doi.org/10.1007/BF00421151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4442403&dopt=Abstract
http://dx.doi.org/10.1007/978-3-540-89208-3_324
https://www.researchgate.net/publication/235834762_Towards_long_term_monitoring_of_electrodermal_activity_in_daily_life
http://dx.doi.org/10.1007/s00779-011-0463-4
http://dx.doi.org/10.1016/j.jbusres.2019.06.041
https://linkinghub.elsevier.com/retrieve/pii/S2589-7500(22)00234-5
http://dx.doi.org/10.1016/S2589-7500(22)00234-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36797124&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Chikwetu et al

Edited by T de Azevedo Cardoso; submitted 24.08.23; peer-reviewed by KY Hsieh, S Okita; comments to author 03.04.24; revised
version received 23.04.24; accepted 24.07.24; published 10.09.24.

Please cite as.

Chikwetu L, Vakili P, Takais A, Younes R

Central Hemodynamic and Thermoregulatory Responses to Food Intake as Potential Biomarkers for Eating Detection: Systematic
Review

Interact J Med Res 2024;13:€52167

URL: https.//Mmww.i-jmr.org/2024/1/e52167

doi:10.2196/52167

PMID:

©Lucy Chikwetu, Parker Vakili, Andrew Takais, Rabih Younes. Originally published in the Interactive Journal of Medical
Research (https.//www.i-jmr.org/), 10.09.2024. Thisis an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the origina work, first published in the Interactive Journal of Medical Research, is properly cited. The
complete bibliographic information, a link to the origina publication on https.//www.i-jmr.org/, as well as this copyright and
license information must be included.

https://www.i-jmr.org/2024/1/€52167 Interact JMed Res 2024 | vol. 13 | €52167 | p.288
(page number not for citation purposes)

RenderX


https://www.i-jmr.org/2024/1/e52167
http://dx.doi.org/10.2196/52167
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Raff et al

Review

Improving Triage Accuracy in Prehospital Emergency
Telemedicine: Scoping Review of Machine Learning—Enhanced
Approaches

Daniel Raff', MD; Kurtis Stewart’, MSc; Michelle Christie Yang?, BSc; Jessie Shang?, Sonya Cressman®®, PhD;
Roger Tam™*®, PhD; Jessica Wong®, MSc; Martin C Tammemagi’, PhD; Kendall Ho?, MD

1Department of Family Practice, Faculty of Medicine, The University of British Columbia, Vancouver, BC, Canada
2Department of Emergency Medicine, Faculty of Medicine, The University of British Columbia, Vancouver, BC, Canada
3Faculty of Health Sciences, Simon Fraser University, Burnaby, BC, Canada

4School of Biomedical Engineering, Faculty of Applied Science, The University of British Columbia, Vancouver, BC, Canada
5Faculty of Medicine, The University of British Columbia, Vancouver, BC, Canada

6Computer Science, Faculty of Science, The University of British Columbia, Vancouver, BC, Canada

7Fa::ulty of Applied Health Sciences, Brock University, St. Catharines, ON, Canada

Corresponding Author:

Kendall Ho, MD

Department of Emergency Medicine
Faculty of Medicine

The University of British Columbia
818 W10 Ave

3rd floor

Vancouver, BC, V5Z1M9

Canada

Phone: 1 6048220327

Email: kendall.ho@ubc.ca

Abstract

Background: Prehospital telemedicine triage systems combined with machine learning (ML) methods have the potential to
improve triage accuracy and safely redirect low-acuity patients from attending the emergency department. However, research in
prehospital settings is limited but needed; emergency department overcrowding and adverse patient outcomes are increasingly
common.

Objective: In this scoping review, we sought to characterize the existing methods for ML-enhanced telemedicine emergency
triage. In order to support future research, we aimed to delineate what data sources, predictors, labels, ML models, and performance
metrics were used, and in which telemedicine triage systems these methods were applied.

Methods: A scoping review was conducted, querying multiple databases (MEDLINE, PubMed, Scopus, and IEEE Xplore)
through February 24, 2023, to identify potential M L-enhanced methods, and for those eligible, relevant study characteristicswere
extracted, including prehospital triage setting, types of predictors, ground truth labeling method, ML models used, and performance
metrics. Inclusion criteriawere restricted to the triage of emergency telemedicine services using ML methods on an undifferentiated
(disease nonspecific) population. Only primary research studies in English were considered. Furthermore, only those studies
using data collected remotely (as opposed to derived from physical assessments) wereincluded. In order to limit bias, we exclusively
included articles identified through our predefined search criteria and had 3 researchers (DR, JS, and KS) independently screen
the resulting studies. We conducted a narrative synthesis of findings to establish a knowledge base in this domain and identify
potential gaps to be addressed in forthcoming ML -enhanced methods.

Results: A total of 165 unique records were screened for eligibility and 15 were included in the review. Most studies applied
ML methods during emergency medical dispatch (7/15, 47%) or used chatbot applications (5/15, 33%). Patient demographics
and health status variables were the most common predictors, with a notable absence of social variables. Frequently used ML
models included support vector machines and tree-based methods. ML-enhanced models typically outperformed conventional
triage algorithms, and we found a wide range of methods used to establish ground truth labels.
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Conclusions: Thisscoping review observed heterogeneity in dataset size, predictors, clinical setting (triage process), and reported
performance metrics. Standard structured predictors, including age, sex, and comorbidities, across articles suggest theimportance
of these inputs; however, there was a notable absence of other potentially useful data, including medications, social variables,
and health system exposure. Ground truth labeling practices should be reported in astandard fashion asthe true model performance
hinges on theselabels. Thisreview callsfor future work to form a standardized framework, thereby supporting consistent reporting

and performance comparisons across ML -enhanced prehospital triage systems.

(Interact J Med Res 2024;13:€56729) doi:10.2196/56729

KEYWORDS

telemedicine; machine learning; emergency medicine; artificial intelligence; chatbot; triage; scoping review; prehospital

Introduction

Surging emergency department (ED) visitslead to overcrowding
in the ED setting, contributing to adverse patient outcomes,
staffing challenges, and health system constraints[1]. Challenges
in maintaining ED capacity are estimated to cost millions in
health care expenditures [2]. Various interventions have been
proposed to improve ED conditions, and prehospital
telemedicine triage systems are among the most promising,
having the potential to prioritize patients based on their
likelihood of requiring emergency versus community-based
care[3], potentially alleviating theinflux of low-acuity patients
that would otherwise be managed in the high-cogt,
resource-intensive ED setting [4,5]. Such systems, including
emergency medical dispatch, nurse-staffed telephonelines, and
symptom checkers (chatbots), share the common goal to triage
patients based on the information that is provided at the first
contact for an urgent health concern. These prehospital services
often do not include physician assessments, instead using either
rule-based algorithms or health personnel for patient triage [6].
In telemedicine, defined as the delivery of health care services
at a distance [7], the inherent scarcity of objective or physical
measures such as vital signs has spurred effortsto improve risk
prediction using machine learning (ML) models applied to a
wide array of information sources such asfreetext from patient
intake calls and vital symptoms monitoring [6,8].

Machine learning has been recognized as one option for
improving the accuracy of prehospital telemedicine triage
systems. To date, ML has commonly been applied in areas of
precision medicine (ie, prediction of the success of treatment
regimens), though it is rapidly expanding into diverse sectors
of health care[9]. In the ED setting, ML models show promise
in their ability to accurately predict inpatient admissions and
sepsis [10,11]. Incorporating contextual information into ML
models can improve prediction of prehospital emergency
services [5]. However, there is a lack of understanding and
evidence-based practices regarding how ML can optimally be
implemented in remote prehospital settings as compared with
more data-rich, in-person settings such asthe ED [5,10,11].

In supervised learning, ML modelslearn from label ed data that
serve asthe “ground truth.” Ground truth refersto the nature of
the problem that is the target of the ML model; in the context
of prehospital triage, ground truth isthe” correct” triage outcome
of a patient. The exact process for defining ground truth is
complex and substantially varies across studies. Unlike clear
binary ground truths, such as“alive’ or “deceased,” determining

https://www.i-jmr.org/2024/1/e56729

the “correct” triage outcome is more complex, potentialy
involving subsegquent chart reviews or nuanced clinician
assessments, thus introducing ambiguity.

A review of the predictors, labels, and models used in
prehospital triage systems needs to establish an evidence base
for efficient ML methods of triaging patients and identification
of gaps not included in the existing models. Without a review,
it is unclear whether existing methods and models may
generalize to certain settings or be free from biases[12]. Thus,
we conducted a scoping review to support our understanding
of ML applications in remote prehospital settings. Scoping
reviews are useful in the research fields of social sciences and
health care, especially when a topic has not yet been
comprehensively reviewed or exhibits a large, complex, or
heterogeneous nature not amenable to a more thorough
systematic review [13]. Whilethere have been literature reviews
outlining ML methodsin emergency settings[14-16], no specific
review touches on prehospital telemedicine triage services.
Related reviews such as Sanchez-Salmeron et a [15] focused
on in-person triage, as opposed to prehospital and remotetriage.
Through this scoping review, we aim to explore what evidence
exists to compare the effectiveness of ML-enabled strategies
with conventional triage methods in improving outcomes for
patients seeking care through telemedicine services. We also
aim to explore (1) what data sources and approaches are used
for extracting meaningful predictorsand labels, (2) what models
and performance metrics are used, and (3) the processes of
telemedicine triage systems where ML has been applied.

Methods

Search Strategy

Elements of the PRISMA-ScR (Preferred Reporting Items for
Systematic reviews and Meta-Analyses extension for Scoping
Reviews) protocol [17] and the Population, Intervention,
Comparison, and Outcome (PICO) framework [18,19] were
used to guide our search strategy. The searchincluded al articles
published prior to February 24, 2023. Methodological
frameworks for scoping reviews from Arksey and O’ Malley
[20] and Levac et a [21] were followed.

The search strategy began with initial searches conducted
through MEDLINE to extract terms based on article titles and
abstracts. Keywords and expressionsincluded both regular and
Medical Subject Headings (MeSH) terms. Thefollowing search
expression was developed and applied: “Telephone/ or
telephonemp. OR phonemp. OR telemedicinemp. OR
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Telemedicine/ OR Emergency Medical Service Communication
Systems/ OR Emergency Medical Dispatch/ OR dispatch.mp.
OR hotlinemp. OR Hotlines OR prehospital.mp. OR
pre-hospital.mp. OR remote consultation.mp. OR Remote
Consultation/” AND “machine learning.mp. OR Artificial
Intelligence/ OR Machine Leaning/ OR artificia
intelligence.mp. OR natural language processing.mp. OR
Natural Language Processing/ OR chatbot.mp.” AND “triage/
OR triage.mp”

Our search followed the 3 phases listed from the PRISMA-ScR
protocol: identification, screening, and inclusion [17]
(Multimedia Appendix 1). Using the search expression, articles
were retrieved from the following databases: MEDLINE,
PubMed, Scopus, and IEEE Xplore. These databases were
selected for this review due to their ability to cover the most
scientific information in fields such as telemedicine and health
care decision-making while also being previously used by
several health and technology-related reviews [15,16,22]. In
order to limit bias and ensure reproducibility, we elected to
exclusively include articles identified through the predefined
search strategy.

Table 1. Inclusion and exclusion criteria of screening strategy.

Raff et al

Article Selection

All identified records were combined (n=296) and duplicates
(n=131) removed resulting in 165 recordsremaining. Theresults
of the initia search after duplicate removal are found in
Multimedia Appendix 2. Articles needed to meet a set of
inclusion and exclusion criteria(Table 1), which were devel oped
to ensure that articles were relevant to prehospital telemedicine
triage, conducted remotely as opposed to in the ED. During an
initial piloting phase, 3 researchers (DR, KS, and MY) piloted
these criteriato ensure consistency acrossthem. Each researcher
independently screened each title based on the inclusion and
exclusion criteria, with discrepancies reaching consensus
through discussion, which resulted in 32 records remaining
(n=133 excluded). Articlesthat passed the title screening were
then screened for relevant abstracts following asimilar process
resulting in 15 records remaining (n=17 excluded). The
remaining articles were then read in their entirety and all 15
records were deemed eligible and included in the results of the
review. Of the articles excluded, most were excluded for the
provision of in-person care (as opposed to data collected
remotely), were not primary research studies, or were not for
general purpose triage (eg, stroke-specific triage).

PICO%other element  INclusion criteria Exclusion criteria
Population Undifferentiated popul ation seeking emergency services(includ-  Specialty-specific population (eg, stroke, heart disease).
ing COVID-19 assessments).
Concept Triage of emergency telemedicine services enhanced by any ~ Only conventional triage methods used or ML models that
MLP method that includes only data collected remotely. include predictors derived from physical assessments (eg,
vital signs). Internet of medical things devices requiring
physical or in-person assessmentswere excluded (eg, home
blood pressure equipment).
Context Provision of emergency telemedicine services, including web-  Provision of in-person emergency care.
based symptom checkers, clinician-staffed telephone line, or
emergency medical dispatch.
Evidence type Primary research studies. Literature reviews, protocols, guidelines, |etters, gray liter-
ature, and qualitative studies excluded.
Language Studies published in English. Studies in languages beyond English.
Date Published before February 24, 2023. Published on or after February 24, 2023.

8P| CO: Population, I ntervention, Comparison, and Outcome.
BML: machine learning.

Data Extraction

We extracted data from the included articles with an aim to
understand how research in this domain is conducted. A data
extraction tool was developed using the JBI Manua for
Evidence Synthesistemplate [23] with a pilot step on 2 sources
conducted by 2 researchers (JS and DR). The data of interest
fell in four main categories:

1. Study characteristics: Author, year of publication, country
of origin, the am of the study, the result of the study,
population assessed, dataset source, dataset size (the number
of patient records), prospective/retrospective/deployed, and
triage process.

2. ML model predictorsand labels: Number of predictorsand
data types, methods for determining ground truth labels.

https://www.i-jmr.org/2024/1/e56729

3. ML techniques and corresponding performance metrics:

4. Comparators, dataset partitions, data-preprocessing
methods, performance metrics and values, and data quality
analysis approaches.

5. Resourcesfor future ML model development: Source code
availability and software packages used.

This list of extraction items was supported by prior literature
that involved emergency care—related triage [22,24] and was
refined based on discussions among the authors. For each of
the eligible articles included in this review, 1 author (JS)
extracted and tabulated the relevant information, and the
information was validated by another author (DR) with
discrepancies further assessed by a last author (KS). All
extracted information was analyzed by the authors to derive a
narrative synthesis of the findings. Aligned with the scoping
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review methodology, articles were not assessed for quality or
risk of biasand no statistical analyseswere conducted. The data
extraction tool and raw data extracted are available in
Multimedia Appendix 2.

Triage Process

Wefound that the studies spanned 3 prehospital triage processes:
emergency dispatch, telephone lines, and chatbot applications.
When di stingui shing between emergency dispatch and tel ephone
line systems, context of the call and nature of interaction were
the 2 main points of consideration. Emergency dispatch calls
(eg, 9-1-1) arereceived and handled by trained emergency staff
focused on collecting critical information on the emergency,
such asthe nature of theincident, location, and immediate risks.
The dispatcher then makes decisions based on thisinformation
to allocate appropriate resources, such as ambulances or first
responders. Conversely, telephone lines such as nurse-led
helplines or crisishotlines are designed to offer support, advice,
and clinical guidance to individuals seeking health care
information or experiencing a crisis [25]. The interaction is
often more conversational and supportive, resulting in a more
complex triage process that depends on the nature of the call,
the expertise of the health care professionalsinvolved, and the
available resources or referrals.

Predictors

We classified the predictor variables into 4 domains
(demographic factors, operational characteristics, clinical
factors, and unstructured data such as free text) and extracted
how these data were handled in the models. These domains
were determined based on the prehospital triage field and
iteratively refined as data were extracted.

Ground Truth Labels

Variability existed in how ground truth labeling methods were
coded for ML processing dueto diverse sources of training data
and annotation methods. In our classification of the observed
ground truth methods, we first identified whether the label was
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derived from (1) the usual clinical process, that is, subsequent
clinician triage, or (2) outside of the usua clinical process, that
is, post hoc. Within category 1, we further identified whether
(1A) remote-only data were used, or (1B) physical, in-person
datawere used. Within category 2, we further classified whether
(2A) labels were automatically derived or (2B) labels were
manually derived. Automatically (systematically) derived labels
are the results of a uniform and scalable application of a
|abel-deriving algorithm across a dataset.

Results

Char acteristics of the Studies

Figure 1 shows a summary of the search protocol phases
followed for thisreview using the PRISMA-ScR flow diagram.
Of the 15 unique studies included, 33% (5/15) of the articles
were published in 2022, 26% (4/15) in 2021, 20% (3/15) in
2020, and the remaining 20% (3/15) of the articles between
2014 and 2019. The most frequently occurring country of
publication was the United States (4/15, 27%), followed by
Japan (2/15, 13%), with the remaining being published in 9
distinct countries (Table 2).

Most studies (11/15, 73%) were retrospective, using historical
patient outcomes to assess the performance of ML modelsin
triage prediction. Among the retrospective articles, 2 reported
a combination of retrospective results and the performance of
deployed models. Of the other 4 nonretrospective articles, 13%
(2/15) focused solely on deployed models and 13% (2/15)
carried out a prospective study to explore the applications of
ML triage in a specific health care setting.

Moreover, 47% (7/15) of articlesinvestigated the use of ML in
emergency dispatch calls, 33% (5/15) of articles focused on
chatbot-style applicationsthat could be accessed viatheinternet
or within the ED, and 20% (3/15) of articles investigated ML
in telephone lines, including 13% (2/15) nurse-led phone lines
and 7% (1/15) crisis hotline.
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Figurel. PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses Extension for Scoping Reviews) flow diagram.
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Table 2. List of 15 studiesincluded in the review and their characteristics.
Author (year) Study setting (country) Dataset size® Labelsincluded Aim Triage phase
Anthony et al (2021) South Africa 93 3 binary Classify critical conditionsin  Dispatch
[26] emergency calls
Ceklic et a (2022) Australia 11,971 1 binary Classify severity of trafficcrash  Dispatch
[27] incidentsin dispatch calls
Chinetal (2022) [28] Taiwan 114 1 binary Classify severity of trafficcrash  Dispatch
incidentsin dispatch calls
Cotteet a (2022) [29] Germany 385 1 multiclass Classify triage decisionsusing  Chatbot
a symptom assessment app
Ferri et a (2021) [30] Spain 1,244,624 3 binary and multi- Classify emergency incidents  Dispatch
class in dispatch calls
Gatto et al (2022) [31] United States 574 1 binary Classify severity in patient's ~ Chatbot
text-based inquiries
Inokuchi et a (2022)  Japan 15,442 1 binary Identify undertriage in prehos- Nurse-led phoneline
[32] pital telephone triage
Lai eta (2020) [33]  United States _b — Classify triage for prehospital ~ Chatbot
COVID-19 cases
Marchiori etal (2021) Switzerland >900,000° 1 multiclass Evaluate Ald-powered chatbot  Chatbot
[29] for symptom-checker triage
Morse et al (2020) United States 26,646 — Evaluate Al-powered chatbot ~ Chatbot
[34] for symptom-checker triage
Paculaet a (2014) United States 427 2 multiclass Classify triageand distressindi-  Crisis hotline
[35] catorsin crisis hotline chats
Spangler et al (2019) Sweden 68,668 1 continuous Validate MLE-generated risk Dispatch (operated

(3l scores for prehospital care by nurses)

Tollinton et a (2020)  United Kingdom 1,188,509 1 binary Classify triage of unconscious Dispatch

[5] patients in dispatch calls

Veladaset a (2021)  Portugal 269,669 1 multiclass Classify clinical pathwaysfrom Nurse-led phoneline
[36] text data

Yunoki et a (2014) Japan 61,927 1 multiclass Classify triage categoriesfrom Dispatch

(4

phone call data

8N umber of patient records included.

PDataset size used for model devel opment was not stated for this study or information on labels was not included.

“The study stated that “more than 900,000 case records’ were included.
Al artificial intelligence.
EML: machine learning.

The size of the dataset used across studies varied considerably,
with a median sample size of 21,044 observations. The largest
dataset comprised 1,224,624 anonymized patient records [30]
and the smallest dataset included 93 call transcripts[28]. Distinct
methods were reported to handle missing data; for example,
Ferri et a [30] excluded al call records with missing values,
while Inokuchi et al [32] performed imputation to account for
missing data (3918/19,114, 20.5% of cases had missing data)
using the k-nearest neighbors (k-NN) algorithm.

Predictors

Severd articlesused predictorsthat spanned multiple categories,
as exemplified by Ferri et a [30], who extracted patient
demographic data (age, gender), operational data (date, caller
type), and unstructured data (clinical free-text observations). In
contrast, Chin et a [28] used unstructured data (dispatch call

https://www.i-jmr.org/2024/1/e56729

transcript) as the only data source in their ML model
development, citing the “higher expressiveness of patient
condition than structured data.” The frequency of occurrence
for each of these domainsis shown in Figure 2.

The mapping and processing techniques varied across datatypes.
Most commonly, many input variables were one-hot encoded,
such as age groupings, sex, day of week, clinica indicators
(symptoms, comorbidities), and question-answer pairs. Notably,
distance to ED was one of the few continuous predictors used
[3]. For unstructured data, various natural language processing
(NLP) techniques were employed to transform these data to
useful inputs, such as bag-of-words methods or text
vectorization, which are strategies to transform text datainto a
numerical representation that can be processed by ML models
(see Multimedia Appendix 3 for more information).
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Figure 2. Percentage of predictor typesincluded in the studies. ED: emergency department; Q& A: question and answer.
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Data Labeling: Determining Ground Truth

Two studies (2/15, 13%) [33,34] did not provide sufficient
information to determine their ground truth labeling method.
Most of the ground truth methods (5/15, 33%) used physical
assessments from the usual clinical process; however, within
this group input data were from 3 different types of providers
(nurses, physicians, and ambulance crew) with each employing
adifferent triage or categorization system (Figure 3) [25]. This
results in variability as similar information is outputted with
different labels, which limits comparability (eg, patient

conveyance [5] or “gold standard” ED triage protocols [4]).
Notably, the 3 (20%) studies[3,27,30] that used automatic post
hoc (2A) methods had larger sample sizes (mean 4,32,792
observations; range 15,550-1,244,624) versus studies[26,31,35]
using manual (2B) methods (mean 364 observations; range
93-573). Acrossthe 4 methods, 6 studies (40%) predicted labels
that were binary and based on symptom or condition severity
(eg, life-threatening [30], severe trauma [28]), while 7 studies
(47%) predicted multiclasslabels (eg, 1 of 53 clinical pathways
[36]).

Figure3. Label and ground truth methodol ogies by annotation method. *Marchiori et a used remote physician triage as ground truth for model training
but manually derived labels for model testing. To ensure consistency in article classification, we have categorized all articles based on the ground truth
method for model training. ED: emergency department; EMCI: emergency medical call incident; EMT: emergency medical technician; L&S: lights

and sirens; MTS: Manchester Triage System.
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Interrater Reliability

Methodsto enhanceinterrater reliability wererarely employed,
in contrast to published guidelines concerning manual data
labeling [37]. Marchiori et a [25] did so by ensuring the
adequate training of data collectors by selecting “only records
generated by top-ranked doctors (based on years of experience
and internal audits).” In the study by Gatto et a [31], data
annotators “invested significant time to educate themselves on
the symptoms” observed in the dataset; however, it was noted
“that the use of nonmedical professionals limited the degree of
granularity with which the dataset was labelled.” Pacula et al
[35] used consensus among 3 evaluators when labeling data
and measured the interannotator agreement using the Fleiss
kappa statistic to confirm good agreement.

Raff et al

ML Algorithms

Most studies applied more than 1 ML technique to method
development (11/15, 73%). However, 2 studies (13%) did not
disclosethe ML algorithm used in their triage prediction model.
Three (20%) studies published the source code for various stages
of their ML model development and validation (Table 3).

Overdll, the most popular ML algorithm was support vector
machine (SVM; 8/15, 53%) and tree-based methods, including
random forest (RF; 6/15, 40%) and extreme gradient boosting
(XGBoost; 4/15, 27%). Other popular algorithms were neural
networks (NN; 5/15, 33%), with various implementations
observed, such as deep NNSs, bidirectional long short-term
memory models, and ensemble of deep learning networks (ie,
the model employed by Ferri et al [30] is described asa“Deep
Ensemble Multitask Classifier for Emergency Medical Calls”
composed of 4 different subnetworks). Naive Bayes (NB) and
k-NN were similarly popular, followed by regression methods.

Table 3. Type and frequency of ML algorithms used by the included studies.

ML®algorithm Studies, n Authors (citations)

Support vector machine 8 Anthony et a [26], Ceklic et a [27], Chin et a [28], Gatto et al [31], Inokuchi et al [32],
Paculaet al [35], Spangler et a [3]b, and Veladas et a [36]

Random forest 6 Anthony et a [26], Ferri et a [30], Inokuchi et a [32], Tollinton et a [5], Spangler et a [3],
and Veladas et al [36]

Neural networks 5 Ceklic et al [27], Ferri et a [30], Gatto et al [31], Inokuchi et al [32], and Marchiori et al [25]

Extremegradient boosting (XGBoost) 4 Ferri et a [30], Inokuchi et a [32], and Spangler et a [3]

Naive Bayes 4 Ceklic et a [27], Chin et a [28], Ferri et a [30], and Veladas et a [36]

K-nearest neighbors 4 Anthony et a [26], Ceklic et a [27], Chin et al [28], and Gatto et a [31]

Logistic regression 3 Anthony et a [26], Ferri et a [30], and Spangler et al [3]

Bayesian network 2 Cotte et al [29] and Yunoki et a [4]

Decision trec® 2 Chin et al [28] and Tollinton et a [5]

Ensembled 2 Ceklic et a [27] and Ferri et al [30]

LASSO® regression 1 Inokuchi et a [32]

Multilayer perceptron 1 Chinet al [28]

Hidden Markov model 1 Pacula et al [35]

Hierarchical attention network 1 Gatto et al [31]

Transformer-based 1 Gatto et al [31]

Unspecified algorithms 2 Lai et a [33] and Morse et a [34]

3\L: machine learning.

bSpangler et a [3] did not include support vector machine, random forest, neural networks, or regression modelsin their “Methods” but stated in their

“Discussion” that they investigated these algorithms.

Decision trees here include methods such as gradient boosting but not random forest or extreme gradient boosting.
dceklic et a [27] did not provide information about the specific models incorporated into their ensemble. Ferri et a [30] built their ensemble using a

collection of deep learning subnetworks.
€L ASSO: |east absolute shrinkage and selection operator.

Model Performance Metrics

F,-score wasthe most used metric (6/15, 40%) to measure model

performance, closely followed by accuracy (5/15, 33%) and
area under the curve (AUC; 4/15, 27%). Furthermore, many
studies tangentially used other quantitative measures, such as

https://www.i-jmr.org/2024/1/e56729

sensitivity or recall and specificity or precision. In the case
where AUC scores were similar between the RF and X GBoost
models in the study by Tollinton et a [5], analysis of other
metrics showed that X GBoost outperformed RF modelsin terms
of sensitivity (0.93 vs 0.62 in the combined model) but had
lower specificity (0.17 vs 0.56 in the combined moddl).
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Moreover, severa studies investigated how different
combinations of predictors and NL P techniques affected model
performance across ML techniques. For instance, Pacula et al
[35] present an interesting discussion on the impact of various
approachesto dial ogue processing (turn-level classification and
accounting for speaker role) on triage prediction outcomes.

https://www.i-jmr.org/2024/1/e56729
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A summary of the comparators and top-performing models for
each study, alongside information on evaluation metrics used
and datatrain or test split, is shown in Table 4. For models that
were evaluated against non—ML-enhanced methods of triage,
those established triage systems are indicated as well.
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Table4. Top-performing ML algorithms used in each study and corresponding performance metric and model training or testing split grouped by triage

process.
Triage processand study ~ Top-performing Model comparators Triagecomparators  Performance metrics Training data split
model (%)
Emergency medical dispatch
Anthony et al [26] SVM2 LRP, RFC k-NNY _e Accuracy 80
Ceklicet a [27] Ensemble k-NN, SVM, NBf, deep NN S:WAM dispatch PPV, sensitivity (recall), 60
+NLPY F1-score
Chinet a [28] Bernoulli NB k-NN, DT}, SYM,NB +NLP Dispatcher evalua- A ccuracy, PPV, NPVX, 91
tion sensitivity (recall), speci-
ficity
Ferri et a [30] Ensemble NB, LR, RF, GB' +NLP Clinical decison  Accuracy, sensitivity (re- 80
tree cal), PPV, Fq-score
Spangler et al [3] XGBoogt™ SVM, LR, RF, deep NN Dispatch priority,  Auch, PPV, sensitivity 66

National Early (recall)
Warning Scores

Tollinton et al [5] GB/RF° — — AUC, sensitivity (recall), 80
specificity
Yunoki et a [4] BNPA — — Accuracy 90

Symptom checker /charthot"

Cotte et a [29] BN — MTS® Cohenk N/AL

Gatto et al [31] SBERTY BERTY, SVM, HANY, bi- — PPV, sensitivity (recal), 80
LSTMX+NLP Fy-score

Marchiori et a [25] Bi-LSTM Convolutiona NN, recurrent — PPV, sensitivity (recall), 60
NN +NLP F1-score

Telephoneline

Inokuchi et al [32] RFY LASSOY regression, deep Areaunder thereceiver 70

NN, X GBoost operating characteristic

curve, PPV, NPV, sensitiv-
ity (recall), specificity

Pacula et a [35] svyMmd HMM?Z +NLP — AUC, F1-score 82

Veladas et al [36] SVM RF, NB +NLP — Accuracy, F1-score, PPV, 64
sensitivity (recall)

83V M: support vector machine.

BLR: logistic regression.

°RF: random forest.

4K -NN: K-nearest nei ghbors.

®No comparator.

NB: naive Bayes.

9+NLP” indicates that model performance was eval uated across various natural language processing techniques.
NS3WA: St John Ambulance in Western Australia

IPPV: positive predictive value (precision).

IDT: decision tree.

KNPV: negative predictive value.

'GB: gradient boosting.

MX GBoost: extreme gradient boosting.

MAUC: area under the curve.

®The gradient boosting model scored better on sensitivity, but specificity was lower than RF.
PBN: Bayesian network.

YAlternate ML models were not compared.
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"Lai et al [33] and Morseet al [34] reported on symptom checker triage systems but did not provide details on the underlying ML model and comparators

or development.

SMTS: Manchester Triage System.

'N/A: not applicable.

USBERT: sentence hidirectional encoder representation from transformers.
VBERT: Bidirectional Encoder Representation From Transformers.
YWHAN: hierarchical attention network.

*Bi-LSTM: bidirectional long short-term memory.

YLASSO: least absolute shrinkage and selection operator.

ZHMM: hidden Markov model.

Model Data Splitting

Thirteen studies (87%) reported some method for validation,
including randomly partitioning datainto training or testing sets
(10/15, 67%) or training or validation or testing sets (3/15, 20%).
Most studies used some form of cross-validation in thetraining
sets for model construction (8/15, 53%). In addition, various
types of resampling procedures were used, such as k-fold
cross-validation, stratified k-fold cross-validation, repeated
k-fold cross-validation, or repeated random test-train splits.

Discussion

Principal Findings

Wereviewed 15 primary research studies of ML-enhanced triage
models in prehospital telemedicine settings where patients
potentially require emergency care. Wefound that ML -enhanced
triage systemstypically outperformed conventional triage ones;
however, thereislikely abiastoward publishing these types of
positive findings [38]. While the reviewed studies exhibited
several commonalities in terms of predictor types, ML
algorithms tested, and performance metrics, there were key
discrepancies in how data were sourced and processed,
particularly with regard to annotating ground truth labels. We
discuss these similarities and differences in context and how
the new evidence presented here relates to ED overcrowding
and prehospital triage.

Predictor Variables

A critical limitation of prehospital telemedicine triage systems
is the lack of access to objective measures of the patient
condition typically obtained through physical assessment, vital
signs being fundamental metrics of illness severity. Asaresult,
our inclusion criteria ensured that no study had access to a
physica assessment of their participants. Therefore, by
investigating the range of predictors employed by the included
articles, we identified how subjective and indirect indicators of
patient condition are used in remotetriage. Our review indicates
that patient symptoms, age, sex, and comorbidities were the
most frequently occurring predictor variables among structured
data, with NLP techniques used to extract features from
unstructured data. The structured and unstructured data were
not combined in any of the included articles. This finding
emphasizesthe critical importance of considering these4 clinical
and demographic factors for prehospital telemedicine triage
where physical assessment data are unavailable. The consistent
use of patient symptoms, demographics, and comorbidities as
predictor variables across all 3 triage processes reinforces that
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they are reliable indicators of a suitable triage outcome.
However, while demographic factors were frequently used
across the studies, only 2 specific factors, namely, age and sex,
were considered.

Notably, we a so highlight the absence of previously identified
important inputs to ML models [12]. Race or ethnicity, region
or geography, medication history, and health system exposure
(hospitalizations, etc) were not represented in the corpus,
however, they should be taken into consideration in prehospital
triage both to improve performance and ensure agorithmic
fairness[39]. The absence of these variables both as predictors
and for post hoc evaluation of algorithmic bias suggests a
significant gap in the extant literature and motivates further
investigation into their potential to generate accurate and
equitable triage outcomes for more diverse populations.
Continuing to develop a comprehensive list of the most
significant variables driving remote emergency triage is
invaluable to improving equitable patient outcomes for all
populations [12]. ldentifying common patterns in predictor
selection (and what is absent) can inform the development of
standardized guidelines for building ML algorithms for triage
using remote-only data. A future with consi stent measurements
of physiologic metrics, such as vital signs, would aso be
invaluable to strengthen prediction. Developing systems or
technol ogy whereby these critical data can be captured remotely
is afuture direction worth exploring.

Ground Truth Labeling M ethods

Our review critically spotlights the variety of methods for
annotating data labels from ground truth. Two papers did not
provide sufficient information, and we classified the remaining
13 into 1 of 4 distinct methods, reflecting varying ML
development philosophies. The most common method—(2A)
post hoc automatic derivation of data labels—indicates
preference for collaboration among domain experts to reduce
human subjectivity and implement large-scale data mapping.
Notably, Ferri et al [30] used apanel of 17 physiciansto develop
a mapping system, which was then automatically applied to
morethan 1 million records. In contrast, using the (2B) method,
Pacula et a [35] reported that 3 psychologists manualy
annotated each of the 427 records. While this review cannot
comment on the comparative efficiencies of these specific
methods, we note that assembling large datasets with ground
truth labels is an arduous and expensive task; thus, there may
be scalability benefits to automatic methods [40].

While we observed trade-offs in data labeling, establishing
methodologically robust ground truth is of paramount
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importance. | nadequate representation of ground truth can lead
to misclassification issues within the ML model, thus reducing
predictive accuracy on external data. This could result in
unintended and potentially serious conseguences, especially in
the context of emergency care. The ground truth triage outcome
has proved challenging to pinpoint, and this scoping review
reveals 4 methods in determining it. However, each method
exhibits limitations and potential manifestations of human
subjectivity.

The accuracy of remote triage is inherently limited by the
absence of physical data, even when carried out by individuals
with domain expertise (eg, physicians). Furthermore, human
bias and lack of experience can lead to either overtriage (ie,
false positives; eg, sending low-acuity patients to the ED) or
undertriage (ie, false negatives; eg, advising high-acuity patients
to stay home), even in cases when physical data are available.
To address this, the strategy of selecting data from only highly
reputable clinicians[25] servesasan inspiration for developing
a standardized evaluation system to identify qualified data
annotators for health care settings. An additiona method to
enhance triage accuracy isinclusion of downstream triage with
accessto more comprehensive data, such asvital signs, detailed
physical assessment, or aprofessional with higher-level training
(eg, aphysician conducting a home visit) [32].

The methodical classification of patients based on a
predetermined list of outcomes minimizestherisk for interrater
disagreement. However, relying solely on these selected
outcomes, such as hospital admission or 2-day mortality [3],
assumes that they are the only factors and of equal importance
in determining the overall risks associated with the patient. This
approach overlooks insights that can be revealed from a
circumstantial and personalized analysis of patient condition.
In addition, many of the inclusion studies selected highly
specific outcomes, such as sepsis, myocardial infarction, and
cardiac arrest [26], which are not generalizable to different
remote triage processes. One potential solution, which no study
inthisreview used, isusing aweighted kappaindex to consider
different categories and disagreements and capture the rank
magnitude of disagreement [41].

Retrospective evaluation of patient data by multiple annotators
holds potential for highly accurate ground truth labels, as it is
the most comprehensive approach observed in this review.
However, we note that the included articles lack information
regarding how evaluators determined such classifications.
Subjectivity in human decision-making persists and variation
in annotators levels of training and resolution strategies
employed leavesroom for further research. Again, implementing
a standardized evaluation system to determine a qualified pool
of data annotators becomes crucial to ensure reliability in the
annotation of ground truth triage label sfor ML -enhanced remote

triage [37].

This analysis of subjectivity in ML systems underscores the
need for nuance regarding objectivity and ground truth. To
enhance remotetriage a gorithm generalizability, comprehensive
datasets must be used. This entails capturing data from each of
the predictor variables outlined in this review, as well as race
or ethnicity, region or geography, and medical history.
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Furthermore, standardized protocols for data labeling across
different clinical settingswould facilitate consistency and enable
meaningful comparisonsand analyses. Thereisaneed for more
well-defined and externally valid procedures for determining
the ground truth in the context of highly intricate and
unstructured data such as remote patient triage.

ML Techniques

This review presents needed insights on the cutting-edge
application of ML methods for remote prehospital triage
systems. SVM, tree-based, and NN methods were commonly
used. These observations are consistent with other reviews of
ED-based implementations [16,42]. To our knowledge, thisis
the first review to provide a mapping between ML model
development and 3 processes of triage in emergency medicine:
emergency medical dispatch, chatbot or symptom checker, and
telephoneline. We uniquely charted the best-performing model
of each article to 1 of the 3 triage processes and generated
insight on the specific elements underpinning each model. By
doing so, we provide insight into how predictive ML models
can be developed for different stages of triage before physical
assessment.

Limitations

We did not directly compare the varied performance metrics
such as the F;-score, precision, recall, and AUC, as this could
lead to misleading conclusions. This was not an objective of
our review due to inconsistencies in reported metrics and
variability in study designs. For instance, certain metrics can
be optimized at the expense of other metrics; for example,
precision and recall are inversely related. Not all metrics are
universally applicable; the F;-score is unsuitable for multiclass
problemsfound in aproportion of included studies. In addition,
F-score assumes fal se negatives and fal se positives are equally
costly, an incorrect assumption in triage problems where
undertriage due to a false negative would have serious
consequences. While AUC is perhapsthe optimal metric choice,
it still has sensitivity to class imbalances, which varied across
the included studies. Of the only 4 articles that reported AUC,
the performance ranged from 0.64 for prediction of conveyance
[5] to 0.88 [35]. A direct comparison among articles reporting
AUC was avoided due to differences in study contexts, which
included diverse triage labels, significant variations in sample
sizesand populations, limited reporting on classimbal ance, and
the use of different validation strategies. Asthisreview did not
facilitate any quantitative analysis of ML model performance,
insights into the accuracy of ML-enhanced triage compared
with conventional remote triage, as well as the quantitative
impact that ML triage may have on patient outcomes and overall
health care systems, could not be derived and future systematic
work is warranted.

Implications for Future Work

ML-enhanced triage presents an opportunity to aleviate the
burden on EDs and support patients’ decision-making when
seeking emergency versus community-based care. Based on the
evidence synthesized here, our callsto thefield areto determine
a prioritized list of high-value predictor variables to consider,
standardize ground truth labeling, and form a consensus on
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validation methods used, such that different health systems can
continuously learn from new developments. This review
provides a foundation for developing guidelines, which will
also create opportunities for comparison across studies to
guantitatively assess the effectiveness and benefits of
ML-enhanced triage regarding patient outcomes and health
system performance. While reducing resources spent on
overtriage is also a priority, it is equally important to focus on
the likelihood of undertriage, as it poses a significant risk to
patients. Therefore, precision, recall, and specificity rates, as
well as algorithmic bias[39], must be carefully monitored and
improved in model development to ensure that safety and
effectiveness are balanced in M L-enhanced triage systems.

Accurate triage recommendations do not guarantee that patients
will follow them [43-45]. In the discussion of using telephone
lines or chatbots during the triage process, further investigation
iswarranted into how delivery methods affect patients’ likeliness
to adhere to the advice generated by ML-enhanced triage
systems. Similarly, in the dispatch and telephone line triage
processes, aquestion that arisesiswhether ML -generated triage
results influence the decision-making process of dispatchers or
providers. This area of research could provide insight on the
most effective stage at which ML-based assistance should be
introduced in the triage process. Exploring the interplay between
ML-enhanced triage advice, patient behavior, and clinician
decision-making will contribute to the optimization of
prehospital telemedicine triage in emergency care.
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Conclusions

Our scoping review of 15 recent studies of ML-enhanced
prehospital telemedicinetriage systems observed heterogeneity
in dataset size, predictors, clinical setting (triage process), and
reported performance metrics. Consequently, a comparison of
ML performance across articles was not feasible, and we note
that identifying the most efficient and accurate ML -enhanced
triage system is valuable for future development and model
deployment in prehospital settings, where a standardized
performance metric such as the AUC would be important to
facilitate comparisons. Standard structured predictors, including
symptoms, age, sex, and comorbidities, across articles suggest
the importance of these inputs; however, there was a notable
absence of other potentially useful data, including medications
and health system exposure. With advancing technology of
transformer-based models [46,47], there exists the potential for
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was also absent in the included articles. The lack of social
variables leaves the potential for algorithmic bias criticaly
unexplored. Ground truth labeling practices should be reported
in a standard fashion as the true model performance hinges on
theselabels. Thisreview establishesan evidence basefor future
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ML -enhanced prehospital triage systems.
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Abstract

Background: Plagiocephaly isdefined asan asymmetrical distortion of the skull, resulting in an obliquetrapezoid or parallelogram
head shape. Deformational plagiocephaly (DP) is caused by forces acting on one side of the back of the head, distorting normal
skull symmetry.

Objective: The aims of this systematic review and meta-analysis were to critically assess the evidence for nonobstetric risk
factors for DP and to make evidence-based recommendations for reducing the prevalence of DP.

Methods: The selection criterion was studies reporting risk factors for DP. Case reviews, case series, expert opinions, and
systematic reviews were excluded. PubMed and Web of Science were searched from August 21, 2010, to August 21, 2022.
Publication bias was assessed using funnel plots. Meta-analyses were presented using forest plots.

Results: A total of 19 studies (cohort studies: n=13, 68%; case-control studies. n=5, 26%; and cross-sectional studies: n=1, 5%)
with atotal of 14,808 participants were included. Of the 43 investigated potential nonobstetric factors, 16 (37%) were associated
with DP. Of these 16 factors, 12 (75%) had odds ratios (ORs) with 95% Cls not crossing 1: insufficient vitamin D intake (OR
7.15, 95% CI 3.77-13.54), head position preference (OR 4.75, 95% Cl 3.36-6.73), bottle-only feeding (OR 4.65, 95% CI 2.70-8.00),
reduced tummy time (OR 3.51, 95% CI 1.71-7.21), sleeping position (OR 3.12, 95% CI 2.21-4.39), fewer motor milestones
reached by the age of 6 months (OR 2.56, 95% CI 1.66-3.96), obesity (OR 2.45, 95% CI 1.02-5.90), maternal education level
(OR 1.66, 95% CI 1.17-2.37), male sex (OR 1.51, 95% CI 1.07-2.12), formula feeding (OR 1.51, 95% CI 1.00-2.27), head
circumference (OR 1.22, 95% CI 1.06-1.40), and mechanical ventilation (OR 1.10, 95% CI 1.00-1.14). No evidence of publication
bias was detected.

Conclusions: This study provides a comprehensive assessment of the nonobstetric factors associated with DP and presents 11
evidence-based recommendations for reducing its prevalence. The primary limitation is that only publication bias was assessed.

Trial Registration: PROSPERO CRD42020204979;  https.//www.crd.york.ac.uk/prospero/display_record.php?
ID=CRD42020204979

(Interact J Med Res 2024;13:€55695) doi:10.2196/55695
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Introduction

Background

Plagiocephaly is defined as an asymmetrical distortion of the
skull resulting in an oblique trapezoid or parallelogram head
shape when viewed from the vertex position in the axial plane
[1]. The severity of skull asymmetry can range from minimal
focal flattening on one side of the cranial vault to severe
deformation affecting the entire crania vault, skull base, and
facial skeleton. Plagiocephaly arises via 2 main mechanisms:
prematurefusion of =1 of the cranial sutures (craniosynostosis)
or external mechanical forces acting on the cranial vault, which
results in a distortion of the normally symmetric craniofacial
skeleton (deformational plagiocephay [DP]).

In craniosynostotic plagiocephaly involving any of the paired
coronal or lambdoid sutures, the restriction of skull vault growth
occurs perpendicular to the fused suture (Virchow’s law) [2,3].
I solated craniosynostosisinvolving premature fusion of asingle
coronal suture results in an anterior plagiocephay with brow
retrusion on the affected side; similarly, craniosynostosis of a
single lambdoid suture will restrict posterior cranial growth on
the same side. The asymmetry is often accentuated as the
remaining unfused sutures expand to enable accommodation of
the rapidly growing infant brain. The mgjority of patients with
craniosynostosis do not have an identifiable genetic cause, but
this proportion isincreased in patients with >1 suture involved
[2,3].

Alternatively—and far more commonly—plagiocephaly is
caused by deformational forces acting on one side of the back
of the head, which distorts the normal symmetry of the skull in
the absence of skull growth restriction due to craniosynostosis
[4]. This deformity is characterized by a parallelogram-type
deformity. This appears clinically as mild to severe occipital
flattening, with or without ipsilateral anterior shift of the ear
and orbital involvement [5]. The flattening of the posterior
neurocranium, resulting from the external forces applied to the
head, has|ed to the condition also being referred to as“flat head
syndrome” [6]. The importance of external forces can be seen
in the close relationship between DP and sleeping position [7],
among other factors that may influence external head forces
[8-12].

Objectives

Since the 1980s, “back to sleep” campaigns have successfully
publicized the benefits of supine slegping for reducing the risk
of deep-related death, including sudden infant death syndrome
[13]. Although these campaigns reduced the incidence of sudden
infant death syndrome by 40%, an undesirable consequence has

been anincreasein the referrals of cases of DP, leading to more
referrals to specialist centers [14,15]. The majority of cases of

https://www.i-jmr.org/2024/1/e55695

DP will resolve without intervention, and surgical treatment is
not required [16]. However, in asubset of children, DP persists,
even into teenageyears[17]. Although physiotherapy and helmet
therapy may play arole in improving head shape and limiting
other long-term effects [18,19], understanding the factors that
increasetherisk of DP may help to prevent DP from devel oping.
The aims of this systematic review and meta-analysis were to
critically assessthe evidencefor risk factorsfor DP and to make
evidence-based recommendations for reducing the prevalence
of DP. Thisstudy was previously presented asameeting abstract
at the Royal College of Paediatricsand Child Health Conference
on June 15, 2021.

Methods

The study protocol, analysis, and reporting were conducted in
linewiththe PRISMA (Preferred Reporting Itemsfor Systematic
Reviews and Meta-Analyses) 2020 guidelines [20-22]. The
protocol wasregistered with PROSPERO (CRD42020204979).

Search Strategy

A search of PubMed and Web of Science was performed
covering the period from August 21, 2010, to August 21, 2022
(thisincluded aninitial search from August 21, 2010, to August
20, 2020, and an update search from August 21, 2010, to August
20, 2022, to ensure that the list of included studies was as up
to date as possible). The combination of PubMed and Web of
Science provides >97.5% coverage of published literature
[23,24]. To balance comprehensive coverage with a pragmatic
approach to ensure that the study was completed with limited
availableresources, additiona databases were not searched, and
hand searching and gray literature searches were aso not
performed. The search terms included “plagiocephaly” AND
“risk factor.”

Study Eligibility

Study titles and abstracts were screened and assessed for
relevance by a single reviewer (CRTH, NB, or AN).
Specifically, original studieswereincluded if they assessed risk
factors for DP. Studies in a non-English language, those
involving nonhuman subjects, and low-quality or nonoriginal
studies (meeting abstracts, reviews, case series, case reports,
and editorials) were excluded. Duplicates were identified by
assessing study titles and removed manually by CRTH. Full-text
review was performed after screening by a single reviewer
(CRTH, NB, or AN). Studies not reporting nonobstetric risk
factors for DP were excluded. Studies reporting preventive
measures such as tummy time were included. However, studies
involving treatments such as physical therapy and helmet
therapy were not included. As screening was performed by a
single reviewer, there were no discrepancies to be resolved.
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Data Extraction and Reporting

Dataextraction and reporting followed the PRISMA guidelines.
However, dueto resource limitations, datafrom eligiblefull-text
articles were extracted by a single reviewer (CRTH, NB, or
AN). The main outcomes of interest were odds ratios (ORS)
and risk ratios (RRs) with 95% Cls, or significant associations,
for risk factors for DP (or biomarkers for DP; eg, oblique
diameter difference index). These outcomes were split into
factors that were associated with DP and those that were not.
Other items extracted from the eligible studiesincluded authors,
country of study, funding source, study design, study aims, total
participants, percentage female, population assessed, age at
baseline, and selection criteria

Meta-Analysis
A meta-analysis of ORs and RRs for factors associated with

DPwas performed. Theinconsistency index (1%) and aQ statistic
for chi-square significance for specific df were calculated to
assess interstudy heterogeneity. Both fixed effects and random
effects were reported. P values for 95% Cls were calculated.

Hillyar et a

Excel (Microsoft Corp) and Prism (GraphPad Software) were
used for statistical analysis.

Funnd Plots

Publication bias was assessed using funnel plots of ORs and
RRs for DP risk factors against study precision (1/SE). The
Egger test for asymmetry was conducted using linear regression,
with P<.05 indicating publication bias [25].

Results

Overview

The searches of PubMed and Web of Science yielded 159
articles; after removing 35 (22%) duplicates, 124 (78%) articles
were screened based on abstract content. Of these 124 articles,
77 (62.1%) were not relevant. Full-text screening of the
remaining 47 articles resulted in the exclusion of 20 (43%)
irrelevant articles (these did not report nonobstetric risk factors
for DP), 3 (6%) non-English articles, and 5 (11%) articles that
werenot accessible. Thus, of theinitial 159 articles, 19 (11.9%)
were eligible for inclusion in this study (Figure 1). The
characteristics of the included studies are presented in Table 1.

Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 flow diagram for study eligibility and inclusion.

IS PubMed search Web of Science search
E (n=64) (n=95)
=
m .
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Table 1. Characteristics of the included studies.
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Study; Funding Study Study Partici- Popula=  Ageat  Sdectioncrite- Out- Factorsassociat-  Factorsnot as-
country source design  aims pants,n  tionas-  baseline ria comes ed with DP? sociated with
male)
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eta [26]; Snellman spective  risk fac- newborns from bornsborn be- RR< for oping DP was
Finland Foundation cohort  torsfor birth tween Febru- risk fac not associated
and TheFoun-  study thedevel- ary 2012 and torsfor withtorticollis
dation for Pedi- opment September DP
atric Research, of DP 2013; new-
Finland and torti- bornswereex-
collis cluded if they
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study cranial ing within 20  torsfor enceandimbal- associated
deforma- minutes’ driv- DP anceinheadro- withDPatage
tion by ing distance tationat age3 12 mo; there
measur- from Oulu mo; at age 6 was no associ-
ing cra University mo, DPassociat-  ation between
nia asym- Hospital; in- edwithreach- DPatagel12
metry fants with ing fewer motor moandimbal-
from age craniosynosto- milestonesat  ancein head
3to 12 sis, cleft lip age6mo; atage rotation at age
mo using and palate, or 12mo, DPasso- 3 mo; no asso-
3D syndromic ciatedwithposi- ciation with
stereopho- features were tion preference  DP was also
togram- excluded atage3moand observed for
metry imbalancein primary sleep-
head rotation at  ing position,
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edwith fewer  seats, time
motor mile- spent proneon
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timesupineon  ness history
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6 mo; position  mediaand
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agel2mo;at  talization),
age6mo, DP  and duration
associated with  of full breast-
position prefer-  feeding
enceat age 3
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at age 6 mo; at
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associated with
position prefer-
enceat age 3
mo
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of Ferrarain  study risk fac- 116 ing at apublic torsfor withDPinclud- ated with DP
Ferrara, Italy torsfor (range  immunization DP ed maternal included in-
DPin 9.4- clinicin Fer- age, supine fant sex, mater-
full-term 12.9) raraat age8to sleeping posi-  nal origin, ma-
infants wk; in- 12 wk were tion,and head  ternal educa
fants included; in- position prefer-  tion level,
with fants affected ence breast milk
DP: by craniosyn- feeding,
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study tween DP 229)d 42 wk) be- risk fac-  cal headorienta-  turn head
and head tween June tor severi-  tion duration at
orienta- 2011 and uly tyandDP age 3wk and 6
tionor 2013; infants  severity ~ wk; DPat age9
head wereexcluded wk was signifi-
strength for reasonsre- cantly associat-
|ated to low ed with asym-
birth weight metrical head
(<2500 g), orientation
congenital strength at age
muscular torti- 3wk and 6 wk
collis, cran-
iosynostosis,
neurological
insult, or other
medical or or-
thopedic condi-
tions
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Study; Funding Study Study Partici- Popula= Ageat  Sdectioncrite- Out- Factorsassociat-  Factorsnot as-
country source design ams pants,n  tionas baseline ria comes ed with DP? sociated with
(% fe- sessed DP
male)
Maniglioet NR Progpec- Toassess 4337 Infants 6-12wk Infantsbornat ORsfor  Maternal age Male sex was
a [32]; tiveco- factorsass (NR) with DP the San Pietro risk fac- wasassociated not associated
Italy hort sociated and con- Fatebenefratel-  torsfor with DP with DP
study with DP trolswith- li Hospital in  DP
toim- out DP Rome be-
prove tween January
screening 2017 and
strategies September
to identi- 2018 were in-
fy infants cluded; infants
at risk of with congeni-
develop- tal deforma-
ing se- tions, born be-
vere de- fore 24 wk
formation gestation, and
infants who
needed long
intensive care
treatment
wereexcluded
Mawji etal TheFaculty of Prospec- Toassess 440 Headthy  7-12wk Headlthy full- ORsand Significant dif- Noassociation
[33]; Cana- Graduate tiveco- potentia  (40.7) full-term terminfants  RRsfor  ferenceininci- of DPwithav-
da Studiesat the  hort risk fac- infants (bornat =237  riskfac- denceof DPin eragelength
University of  study torsfor wk gestation)  torsfor infantsplaced  of timein
Cagary in DPinin- ranging from DP supinetosleep  Canada; infant
Cdgary, Alber- fants age7to 12wk compared with  feeding posi-
ta, provided aged 7-12 who presented sleepinother  tion; length of
CAD $3000 wk in forimmuniza positions (in- tummy time
(US $2670) Calgary tion at a2-mo cluding prone;  received; male
for datacollec- well-child sde; oracombi- infant sex; and
tion clinicin Cal- nation of mothers who
gary werein- supine, prone,  had alan-
cluded or side); DPal- guage barrier
S0 associated
with head posi-

tion preference
(right and left),
materna educa
tion level, and
supinesleep po-
sition
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Study;
country

Funding
source

Study

design

Partici-
pants, n
(% fe-
male)

Study
aims

Popula-
tion as-
sessed

Ageat
baseline

Selection crite-
ria

Out-
comes

Factors associat-
ed with DP?

Factorsnot as-
sociated with
DP

Nuysink et NR

al [34];
Nether-
lands

Launonen
eta [35];
Finland

The Universi-
ty of Oulu
Scholarship
Foundation,
the Orthodon-
tic Section of
the Finnish
Dental Associ-
ation Apollo-
nia, the Emil
Aaltonen
Foundation,
the Alma, and
KA Snellman
Foundation,
the Finnish
Medicd Foun-
dation, and the
Foundation
for Pediatric
Researchin
Finland

Prospec-
tive co-
hort

study

Case-
control

study

120
(45.9)

New-
borns ad-
mitted to
theNICU
at gesta-
tional age
<30 wk
or birth-
weight
<1000 g

To assess
predictive
factors
for DPin
infants at
corrected
age >6
mo

Touse
3D
stereopho-
togram-
metry to
assess
crania
growth,
molding,
and inci-
dence of
DPin
preterm
children
compared
to term-
born chil-
dren

68(32)  Hedthy

newborns

<1 wk

Preterm
(mean
gesta-
tional
age):
32.7
wk;
term
(mean
gesta-
tional
age):
40.0 wk

Eligiblein-
fants were
borninor re-
ferred to the
level 111
neonatd inten-
sive care unit
within 1 week
of birth be-
tween January
2009 and Octo-
ber 2010; in-
fants born at
gestational
age <30 wk or
birth weight
<1000 g who
visited the
neonatal fol-
low-up clinic
wereincluded;
infants diag-
nosed with a
diseaseor dys-
function lead-
ing to symp-
tomatic asym-
metry, such as
acentral ner-
Vous system
disorder or
congenital
malformation,
wereexcluded

Infants were
considered €li-
gibleif they
had no
chalopdatosthi-
sis, craniosyn-
ostosis, or
dysmorphic
featuresand if
they resided
within Oulu
region, Fin-
land; dl partic-
ipants were
born between
2012 and 2015
at Oulu Uni-
versity Hospi-
tal; the control
group wasran-
domly select-
ed from apre-
vioudy collect-
ed noninter-
vention cohort
by computer-
based random
selection and
matched for
sex

ORsfor
risk fac-
torsfor

DP

OCLR'
mean dif-
ference

Association be-
tween DP and
mechanical ven-
tilation and
chronic lung
disease grade 1
in the neonatal
period

NR

NR

No difference
in head shape
(OCLR) be-
tween preterm
and full-term
children or be-
tween sexes

https://www.i-jmr.org/2024/1/e55695 Interact JMed Res 2024 | vol. 13 | 55695 | p.312

(page number not for citation purposes)

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH

Hillyar et a

Study; Funding Study Study Partici- Popula= Ageat  Sdectioncrite- Out- Factorsassociat-  Factorsnot as-
country source design ams pants,n  tionas baseline ria comes ed with DP? sociated with
(% fe- sessed DP
male)
Pogliani et NR Retro- Toassess 413(50) Hedthy <72h Neonates at ORsand Associationbe- NR
a [36]; spective  risk fac- newborns from gestational RRsfor  tween DPand
Italy cohort  torsfor birth age >33 wk risk fac-  male sex
study DPat born between  torsfor
birth May 2011and DP
January 2012;
newbornswith
extreme low
birthweight or
presenting
with major
congenital
malformations
needing NICU
transfer were
excluded; chil-
dren of moth-
erswith adoc-
umented
TORCHYin-
fection were
also excluded
Robertset  NR Retro-  Totest 339(42) Children NR Childrenaged ORsand DPwasassociat- No difference
a [37]; spective the hy- aged 0-16 0-16y withat RRsfor  edwithoccipi- inDPbetween
United cohort  pothesis y with least 1 follow- risk fac-  tal shunt place- neonates and
Kingdom study that ven- ventricu- up scan from  torsfor ment; astatisti-  infants,
tricu- loperi- the surgical DP caly significant neonates and
loperi- toneal database a the differenceinthe children aged
toneal shunts pediatric neu- probability of  3-5y,
shunt in- rosurgery de- becomingpla  neonates and
sertion partment of giocephalic be- children aged
signifi- Birmingham tween neonates  1-3y, and
cantly in- Children’s and children neonates and
creases Hospital be- aged 12-16y children aged
contralat- tween 2006 wasobserved; 512y
erd DP and 2013; boysweremore
children with- likely to devel-
out imaging op shunt-associ-
were excluded ated plagio-
cephaly than
girls
Sheueta Cooperative  Retro- Toassess 6295(38) Infants NR Casesidenti- Meandif- Lowermaterna Noassociation
[38]; Unit-  agreement spective factors with DP fiedusingthe ferenceor educationlevel of DPwith
ed States  fromthe Cen- cohort  that may Texas Birth percent- wasassociated materna age
tersfor Diss  study explain a DefectsReg-  agediffer-  with DP or race and
ease Control 9-fold in- istry with a ence for ethnicity, in-
and Preven- creasein definitediag-  risk fac- fant sex; mean
tion plagio- nosis of DP torsfor ageat DPdiag-
(U01DDO0044) cephaly (British Paedi- DP nosis did not
and TitleV in Texas atric Associa- significantly
Maternal and from tion code change over
Child Hedlth 1999 to 754.050), born time
Block Grant 2007 between Jan-
fundsfromthe uary 1, 1999,
Hedlth Re- and December
sources and 31, 2007; cas-
Services Ad- es of plagio-
ministration cephaly with
craniosynosto-
siswere ex-
cluded
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Study; Funding Study Study Partici- Popula= Ageat  Sdectioncrite- Out- Factorsassociat-  Factorsnot as-
country source design ams pants,n  tionas baseline ria comes ed with DP? sociated with
(% fe- sessed DP
male)
Solani eta Grant funding Case- Todeter- 300(NR) Hedthy 8-12wk Hedthy full- ORsfor  Factorsassociat- Firmness of
[39]; Iran  fromtheVice- control minethe Iranianin- term (gestar risk fac- edwithDPin- headrest was
Chancellor for  study risk fac- fants tional age>37 torsfor  cluded male not associated
Research, torsof po- wk) infants DP sex, head cir- with DP
Kashan Uni- sitional aged 8-12 wk cumference,
versity of plagio- who were re- and supine
Medical Sci- cephaly ferred to the sleeping posi-
ences, in healthy pediatric neu- tion
Kashan, Iran infants rology clinic
a Shahid Be-
heshti Hospi-
tal in Kashan,
affiliated with
Kashan Uni-
versity of
Medical Sci-
ences, were
included
Tangeta NR Progpec- Toassess 28 (50) Full-teem Mean3 Full-termin-  Meandif- NR Maternal age
[4Q]; Unit- tiveco- thepreva infants (SD3) fantsaged>3 ferenceor and race
ed States hort lence of aged>3 mo moand<ly  percent- (Black or
study DPinin- mo and with NBPP; agediffer- White) were
fantswith <lywith infantswith  encefor not associated
NBPP" NBPP neurological  risk fac- with DP
and spon- or congenital  torsfor
taneous comorbidities DP
recovery in addition to
from DP NBPP, helmet
therapy for
plagiocephaly,
and surgical
proceduresre-
lated to NBPP
were exclud-
ed; infants
with craniosyn-
ostosis were
also excluded
Vakamaet NR Case- Toassess 120(56) Children  Chil- Children with  ORsand  10.3% of the OCLR was
a [41]; control  thepreva with dren DDH from RRsfor  children with equal between
Finland study lence of DDH with among new- riskfac- DDHandonly children with
DPin with or DDH: borninfants  torsfor 1.5% of the DDH and con-
children without  mean born at the DP control children trols; no asso-
with DP 8.0(SD OuluUnivers- had DP ciation be-
DDH! 14)y; tyHospita in tween side of
matched Oulu, Finland, DDH and DP
con- wereincluded,
trols: preterm chil-
mean dren and chil-
79(SD drenwithdis
13)y  ahilitieswere
excluded
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Study; Funding Study Study Partici- Popula= Ageat  Sdectioncrite- Out- Factorsassociat-  Factorsnot as-
country source design ams pants,n  tionas baseline ria comes ed with DP? sociated with
(% fe- sessed DP
male)
VanVIim- Grantfromthe Prosgpec- Toassess 380(53) Hedthy <48h Heathy new- Meandif- Associationbe- Noassociation
mereneta Scientific tiveco- skull newborns from borns (gestar  ferenceor tweenDPand  betweenpoten-
[42]; Committee of hort shapein birth tional age=36 percent-  position prefer- tia risk fac-
Nether- The Royal study healthy wk) bornbe-  agediffer- ence tors (nursing,
lands Dutch Associa newborns tween Decem- ence for feeding, deep-
tion for Phys- until age ber 2004 and  risk fac- ing, and play-
iotherapy 55yin September torsfor ing position-
(BU002/10) children 2005at Hospi- DP ing habits) at
with posi- tal Bernhoven; age 7wk and
tion pref- children with skull deformi-
erence at congenital ty at age 24
7wk and muscular torti- moand5.5Yy;
those collis (Kaplan atrend toward
without type 2 and 3), significance
andin dysmorphism, between time
children or syndromes spent playing
with posi- were excluded prone (tummy
tion pref- time) at age 7
erence wk and the
who re- ODDlj percent-
ceived pe- age a age 24
diatric mo
physica
therapy
interven-
tion and
those
who did
not
Weernink  ZonMw, the  Case- Toassess 823(46) Infants 2-4mo Childrenborn ORsand Insufficientvita Maternal so-
etal [43]; Netherlands  control  theinflu- with DP between RRsfor  minD supple-  ciodemograph-
Nether- Organization  study ence of and those November 22, risk fac-  ment intake ic factors not
lands for Health Re- adherence without 2009, and torsfor  during early in- significantly
searchand De- to recom- June 9, 2010, DP fancy wasasso-  associated
velopment menda- with mild to ciated with DP; with DPin-
(170.992.501) tions for severe DP maternal so- cluded moth-
vitaminD from the Hel- ciodemographic  er'scountry of
supple- met Therapy factorsassociat-  birth (other
ment in- Assessmentin edwithDPin- thanthe
takeof 10 Deformed cluded mother’'s  Netherlands);
pg/d (400 Skulls study; age and moth-  infant factors
IU) inthe controls were er'seducation  not associated
first included from level; infant with DPin-
months of a2010 survey factorsassociat- cluded time
life on infant milk edwith DPin-  child spent
(child) on feeding cluded male outdoors
the occur- sex, formula
rence of feeding, and
DP of the milk formula
child at consumption af-
age 2-4 ter birth
mo
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Study; Funding Study Study Partici- Popula= Ageat  Sdectioncrite- Out- Factorsassociat-  Factorsnot as-
country source design ams pants,n  tionas baseline ria comes ed with DP? sociated with
(% fe- sessed DP
male)
Van NR Cohort Toassess 184 Infants 3-14mo Exclusioncri- Differ- Negative corre-  Noassociation
Cruchten et study theim- (30.4) seen at teriaconsisted encesin  lation between  between OD-
a [9]; pact of outpatient of children ODDI for ageand ODDI; DI and devel-
Nether- risk fac- clinic aged>14mo riskfac- postivecorrdla  opmental de-
lands torson with a or<3moand torsfor  tion between lay, family
the type parental other formsof DP ODDI andposi- history of DP,
and sever- concern cranial defor- tion preference  sex, and torti-
ity of DP for DP mation, such right and posi-  collis
ascrania syn- tion preference
ostosis left

3DP; deformational plagiocephaly.
POR: odds ratio.

°RR: risk ratio.

INR: not reported.

eNICU: neonatal intensive care unit.
focLR: oblique crania length ratio.

9TORCH: toxoplasmosis, other (including infections such as syphilis, varicella-zoster, and parvovirus B19), rubella, cytomegalovirus, and herpes

simplex virus.

PNBPP: neonatal brachial plexus palsy.
'DDH: developmental dysplasia of the hip.
lopp: oblique diameter difference index.

Demographic Factors

Age

The study by van Cruchten et a [9] reported a negative
correlation between age and oblique diameter difference index
(a biomarker for DP). However, the study by Sheu et a [38]
(which assessed factors associated with a 9-fold increase in
plagiocephaly between 1999 and 2007 in Texas, United States)
reported no associ ation between age and DP. Finally, the study
by Roberts et a [37], which assessed DP in children with
ventriculoperitoneal shunts, reported that being aged 12 to 16
years at the time of shunt insertion was associated with DP.

Sex

Of the 19 studies, 4 (21%) demonstrated an associ ation between
male sex and DP[33,36,39,44], 1 (5%) reported borderline
association [37], and 7 (37%) reported no association between
male sex and DP [9,28-30,32,35,38]. Of these 12 studies, 6
(50%) [29,30,33,36,39,43] reported ORSs, and a meta-analysis
of these ORs revealed interstudy heterogeneity (1=68.5%; Q
statistic=15.89; df=6). The pooled fixed and random effects
ORsfor DP related to male sex were 1.71 (95% Cl 1.43-2.04;
P<.001) and 1.51 (95% CI 1.07-2.12; P=.02), respectively
(Figure 2A [29,30,33,36,39,43]). Asymmetry analysis of the
funnel plot excluded publication bias (P=.12; Figure 2B).

Figure2. Meta-analysis and funnel plot for male sex. (A) Forest plot of odds ratios for deformational plagiocephaly related to male sex with fixed and
random effects. (B) Funnel plot with linear regression test of asymmetry. The blue line indicates random effects. *Mild to moderate deformational

plagiocephaly (DP; univariate analysis); ** severe DP (univariate analysis).

A B
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[29] [fflaender 0.80 0.39 1.77 .89 —.—
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Race

Racewasinvestigated by Tang et al [40], who included acohort
of children with brachial plexus palsy. In this group, race was
not associated with DP that developed after brachial plexus
injury.

Developmental Factors

Developmental Delay
Developmental delay was investigated as a risk factor for DP

by van Cruchten et al [9], who concluded that devel opmental
delay was not associated with DP.

Developmental Dysplasia of the Hip

Developmental dysplasia of the hip (DDH) wasinvestigated as
arisk factor for DP by Valkama et al [41], who assessed the
prevaence of DP in children with DDH. DDH was associated
with DP compared to controls without DDH.

Hillyar et a

Head Circumference

Head circumference was investigated by Solani et a [39], who
concluded that it was associated with DP (OR 1.22, 95% CI
1.06-1.40).

Motor Milestones

Reaching fewer motor milestones by age 6 months was
investigated as a risk factor by 2 (11%) of the 19 included
studies[27,30]. The first study reported that reaching fewer
motor milestones by age 6 months was associated with DP
(adjusted OR [aOR] 2.35, 95% CI 1.25-4.42) [27]. The second
study found an association between delay in motor development
and DP [30]. A meta-analysis of the ORs from these studies
identified no interstudy heterogeneity (1=0%; Q statistic=1.67;
df=3; Figure 3A [27,30]). The pooled fixed and random effects
ORsfor DPrelated to delayed motor milestones were both 2.56
(95% Cl 1.66-3.96; P<.001). Asymmetry analysis of the funnel
plot excluded publication bias (P=.18; Figure 3B).

Figure 3. Meta-anaysis and funnel plot for reaching fewer motor milestones by age 6 months. (A) Forest plot of odds ratios for deformational
plagiocephaly related to reaching fewer motor milestones by age 6 months with fixed and random effects. (B) Funnel plot with linear regression test of
asymmetry. The blue line indicates fixed effects. * Adjusted OR (aOR) for deformational plagiocephaly (DP; multivariate analysis); **odds ratio (OR)
for mild to moderate DP (only univariate analysis available); ***aOR for severe DP (multivariate analysis).

A B
95% ClI
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