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Abstract

Background: Physical activity is well known to have beneficial effects on glycemic control and to reduce risk factors for
cardiovascular diseasein personswith type 2 diabetes. Yet, successful implementation of lifestyleinterventionstargeting physical
activity in primary care has shown to be difficult. Smartphone apps may provide useful tools to support physical activity. The
DiaCert app was specifically designed for integration into primary care and is an automated mobile health (mHealth) solution
promoting daily walking.

Objective: This study aimed to investigate the effect of a 3-month-long intervention promoting physical activity through the
use of the DiaCert app among persons with type 2 diabetesin Sweden. Our primary objective was to assessthe effect on moderate
to vigorous physical activity (MVPA) at 3 months of follow-up. Our secondary objective was to assess the effect on MVPA at 6
months of follow-up and on BMI, waist circumference, hemoglobin A, blood lipids, and blood pressure at 3 and 6 months of
follow-up.

Methods: We recruited men and women with type 2 diabetes from 5 primary health care centers and 1 speciaized center.
Participants were randomized 1:1 to the intervention or control group. The intervention group was administered standard care
and access to the DiaCert app at baseline and 3 months onward. The control group received standard care only. Outcomes of
objectively measured physical activity using accelerometers, BMI, waist circumference, biomarkers, and blood pressure were
assessed at baseline and follow-ups. Linear mixed models were used to assess differences in outcomes between the groups.
Results: A total of 181 study participants, 65.7% (119/181) men and 34.3% (62/181) women, were recruited into the study and
randomized to the intervention (n=93) or control group (n=88). The participants mean age and BMI were 60.0 (SD 11.4) years
and 30.4 (SD 5.3) kg/m?, respectively. We found no significant effect of the intervention (group by time interaction) on MVPA
at either the 3-month ($=1.51, 95% CI -5.53 to 8.55) or the 6-month (=—3.53, 95% CI —10.97 to 3.92) follow-up. We found no
effect on any of the secondary outcomes at follow-ups, except for a significant effect on BMI at 6 months (3=0.52, 95% CI 0.20
to 0.84). However, mean BMI did not differ between the groups at the 6-month follow-up.

Conclusions: We found no evidence that persons with type 2 diabetes being randomized to use an app promoting daily walking
increased their levels of MVPA at 3 or 6 months' follow-up compared with controls receiving standard care. The effect of the
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app on BMI was unclear, and we found nothing to support an effect on secondary outcomes. Further research isneeded to determine
what type of mHealth intervention could be effective to increase physical activity among persons with type 2 diabetes.

Trial Registration:

(Interact J Med Res 2024;13:€53054) doi: 10.2196/53054
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Introduction

Despiteincreased knowledge and public health initiatives, more
than 460 million people, corresponding to over 6% of the
world's population, are estimated to be diagnosed with type 2
diabetes today [1]. Persons with type 2 diabetes followed in
primary care can be prescribed lifestyle interventions in
combination with medications. Lifestyle interventions may
include weight management, smoking cessation, stressreduction,
and improved dietary habits or physical activity [2]. Physical
activity is well known to have beneficial effects on glycemic
control and to reducerisk factorsfor cardiovascular disease[3].
Yet, it has proven difficult to implement lifestyle interventions
targeting physical activity in primary care [4]. Nevertheless,
walking has been put forward as auseful therapeutic tool shown
to improve glucose control, with clinically beneficial effectson
blood glucose levels over time, and the potential to improve
other clinical variables such as BMI and blood pressure in
persons with type 2 diabetes [5].

During the past few decades, various telemonitoring, eHealth,
and mobile health (mHealth) solutionstargeting physical activity
have been devel oped. Such solutions offer adaptable platforms
for the delivery of self-management interventionsthat are easily
accessible to both patients and health care practitioners, and
users can engage with health information technology at their
convenience. Smartphone apps may be useful in a health care
setting to provide an additional tool to increase patients
engagement through the use of self-monitoring of, for example,
physical activity between routine visits [6].

Today, there are many commercialy developed and available
smartphone apps targeting self-management of chronic
conditions. Common features of available appstargeted toward
persons with type 2 diabetes include self-tracking of blood
glucose levels and components targeting physical activity or
dietin different ways[7,8]. Nevertheless, thereisawidevariety
in type and number of features for diabetes management in
available apps [ 7], making it difficult for patients to select the
most appropriate one to use. There are many commercial apps
targeting lifestyle among personswith type 2 diabetes; however,
few solutions primarily target physical activity withinthisgroup,
and even fewer have been developed specifically for
implementation in primary care. Therefore, we developed a
digital platform and asmartphone app specifically for targeting
physical activity among persons with type 2 diabetes treated
within primary care[9]. The app was built to be integrated into
the existing digital infrastructure of primary care in Sweden,
with the aim to provide care givers and patients with a
scientifically evaluated self-care management tool.

https://www.i-jmr.org/2024/1/e53054

Results from studies evaluating the effectiveness of mHealth
solutions, including smartphone apps, targeting persons with
type 2 diabetes, have been summarized previoudly [10-15].
Significant reductions in hemoglobin A,. (HbA,.) levels are
generaly shown after 3 months of follow-up. Most of the
evaluated apps allowed the user to monitor their blood glucose
levels and included physical activity or diet, either alone or in
combination, as additional features. mHealth interventions
targeting physical activity in adults in the general population
have been shown to increase both minutes of physical activity
and steps per day [16-18]. Nevertheless, apps primarily targeting
physical activity, without including a component of glucose
monitoring, in persons with type 2 diabetes are relatively
uncommon. Poppe et a [19] evaluated a self-regul ation—based
eHealth and mHealth intervention primarily targeting physical
activity in persons with type 2 diabetes and found positive
results of the intervention on increased activity and decreased
sedentary behavior, whereas Thorsen et a [20] found no effect
of app-based interval walking on MVPA over 52 weeks
compared with standard care. In summary, thereis still aneed
to develop interventions targeting physical activity that are
effective and can be implemented into primary care.

The aim of this study was to evaluate the effects of the DiaCert
smartphone app promoting daily walking on moderate to
vigorous physical activity (MVPA) and clinical variables in
persons with type 2 diabetes. Our primary aim was to test the
hypothesis that the app would lead to an increase in minutes of
MVPA a 3 months compared with standard care only. Our
secondary aim was to assess the effect of the app on MVPA
after 6 months and on the clinical variables BMI, waist
circumference, HbA ., cholesterol (total, low-density lipoprotein
[LDL], and high-density lipoprotein [HDLY]), triglycerides, and
systolic and diastolic blood pressure at 3 and 6 months. We
hypothesized that the app would lead to improvements in both
MVPA and clinical variables.

Methods

Trial Design

We conducted a randomized controlled trial with 2 parallel
groups between February 2017 and June 2019. The DiaCert
study design [21] has been described in detail previously. Study
participants were randomized 1:1 to the intervention or control
group at baseline. The primary study outcome was MVPA
(minutes/day) at 3 months of follow-up. Secondary outcomes
included MVPA a 6 months of follow-up and the clinical
variables BMI, waist circumference, HbA ., cholesterol (total,
LDL, and HDL), triglycerides, and systolic and diastolic blood
pressure at 3 and 6 months of follow-up. No changesto methods
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were done after trial commencement. The study is reported
according to the CONSORT (Consolidated Standards of
Reporting Trials) statement [22] and the CONSORT-EHEALTH
(Consolidated Standards of Reporting Trials of Electronic and
Mobile HEalth Applications and onLine TeleHealth) checklist,
which is developed for eHealth or mHealth interventions [23].

Ethical Consider ations

Thetrial was approved by the ethics committee of the regional
ethica review board in Stockholm, Sweden (Dnr:
2016/2041-31/2, 2016/99-32, 2017/1406-32) and registered at
ClinicalTrials.gov (NCT03053336). All participants received
both oral and written information about the study and provided
their written informed consent to participate. Participants
received no compensation for participation in the study. After
data collection, data were anonymized.

Study Participants

The inclusion criteria were (1) having a diagnosis of type 2
diabetes, (2) being 18 years of age or older, (3) being able to
communicate in Swedish, and (4) having access to and being
ableto use asmartphone. The exclusion criterion was not being
able to walk.

Patients were recruited continuously from 5 primary health care
centersand 1 specialized medical center in the Stockholm area,
Sweden. Patients at the participating centers received initial
information about the study from their physician or diabetes
nurse, and those interested in participating were contacted by
study personnel and given more detailed information. Thereafter,
patients either agreed to participate and were scheduled for a
baseline introductory meeting, or declined participation. We
did not record the number of patients who did not agree to
participate. All study participants met with study personnel at
baseline and after 3 and 6 months. On each occasion, study
outcomesincluding physical activity and other lifestylefactors,
aswell as clinical variables, were assessed.

Interventions

Study participants randomized to the intervention group
continued to receive standard care as usual but also downloaded
the DiaCert app during the baseline meeting. To access the
individual user account in the app, apersonal 6-digit code was
entered. The code was given to participants by study personnel
7 days after the baseline meeting to avoid overlap with baseline
accelerometer measurements. The intervention group was
encouraged to use the app daily for 3 months. At the 3-month
follow-up meeting, participants deleted the app from their
phonestogether with study personnel. Participantsthen received
no intervention during 3 months and were offered access to the
app again at the 6-month follow-up.

The DiaCert app displayed daily steps that through connection
to a digital platform were shared with study personnel. An
individual step goal between 1000 and 10,000 steps [24] was
set at baseline based on the participant’s usual activity level.
Participants in the intervention group were contacted by study
personnel every second week by phone. During these
follow-ups, the participant could revise hisor her step goal with
an even 500 stepsincrease or decrease. The maximum goal set
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at any time point was 10,000 steps. Users received automatic
positive feedback messages including the user’s name in the
app on days when the goal was met. In addition to daily steps,
information on HbA ;. taken during the study period was also

displayed in the app.

The app design has previously been described in detail,
including a presentation of the app screen by screen [9]. In brief,
features of the app included a home screen displaying the daily
stepsinrelationto anindividual step goal during the past week.
A circlewasgradually filled as the user walked toward the step
goal. It was completely filled and marked with a checkmark
when the goal was reached. Through the home screen, the user
was also able to access information on previous daily steps,
questionnaires, and results of HbA ;.. The app was continuously
updated to run with the current iOS and Android versions, but
no changes were made to the content during the study. Users
were asked to contact study personnel if they experienced
malfunction of the app. The app was developed within the
research project and is no longer available.

Study participants randomized to the control group received
standard care, that is, continued their usual care as prescribed
by their regular primary care physician and diabetes nurse, also
after inclusion to the study. For ethical reasons, they were
offered access to the DiaCert app at the 6-month follow-up.

Outcomes

Physical Activity

To assess the primary outcome of MV PA in thistrial, physical
activity was measured using the ActiGraph wGT3x-BT triaxial
accelerometer (dynamic range: 8g) during 7 consecutive days.
At each study meeting, the participants were asked to wear the
accel erometer on their nondominant wrist day and night, starting
a 4 PM the same day until 8 AM just over a week later.
Participants wore the accelerometers on their wrist to increase
feasibility and maximize compliance. Data were sampled at a
frequency of 80 Hz.

We downloaded the collected data from each accelerometer
using the manufacturer’s program (ActiLife Software, version
6.13.3; ActiGraph), and thereafter, the raw data were extracted
for data processing. As suggested by Migueles et a [25],
processing of accelerometer data was performed using the
open-source R package GGIR. GGIR version 2.0-0, R version
3.6.1, and RStudio version 1.2.5019 were used. Data collected
before the first and after the last midnight were excluded in
order to examine 7 complete days. Asthe first step of analysis,
data were averaged over 5-second epochs and aggregated
through application of Euclidean norm minus 1, with negative
values rounded up to 0. Autocalibration was performed using
local gravity to adjust for calibration errors and unreliable
signals.

The default cut point for MV PA (100 milligravity) and default
settings for the definition and management of nonwear time (ie,
4x15 minutes) in GGIR were applied [26]. Nonwear time was
by default replaced with imputed averaged activity from the
same time the other measured days. A valid day was defined as
at least 16 hours of wear time and avalid week required 4 valid
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days (including at least 1 weekend day) [25]. Variables were
weighted 5:2 with data collected on weekdays and weekend
days. For MV PA, bouts of consistent activity lasting for at |east
1 minute were used, where 80% of the included epochs had to
be above or equal to the cut point [27].

In addition to accelerometer measurements, we also assessed
daily physical activity at baseline with 2 validated general
guestions used in routine health care [28]. Participants were
asked to (1) report their usual time spent exercising during a
week and (2) add up and report the total time estimated spent
doing other types of leisure time physical activities of lower
intensity in bouts of at least 10 minutes during aweek. Walking,
cycling, or gardening was presented to the respondent to
exemplify activity level.

Clinical Variables

A detailed description of measurements has been published
elsawhere [21]. In brief, HbA . (mmol/moal), total cholesterol
(mmol/L), LDL cholesterol (mmol/L), HDL cholesterol
(mmol/L), and triglycerides (mmol/L) were measured in fasting
blood samples. HbA,. was measured using the reference
measurement procedure by the International Federation for
Clinical Chemistry and Laboratory Medicine [29]. The
enzymatic method [30] was used to measure total cholesterol
and HDL cholesterol. LDL cholesterol was calculated using the
Friedewald equation [31].

Height (to the nearest 0.5 cm), body weight (to the nearest 0.1
kg), and waist circumference (to the nearest 1.0 cm) were
measured by study personnel who also performed 1 manual
assessment of blood pressure (systolic and diastolic) after the
participant had been sitting down for at least 5 minutes. BMI

was cal culated based on measured height and weight (kg/m?).

Sample Size

Power calculations were performed a priori to determine the
sample size need to detect aclinically significant difference of
8 minutes/day of MVPA [21]. A total of 250 participants (125
in each group) were estimated to provide 80% power at a 5%
significance level. This included an expected dropout rate of
20%. Baseline data collection ended in June 2018 before
reaching 250 participants because the DiaCert app was no longer
compatible with the upgrades of iOS and Android.

Randomization and Blinding

A random allocation sequence list was generated by the first
author (SEB) in Stata (version 14.0; StataCorp). Women and
men were randomized separately in blocks of 10 within each
participating primary health care center and the specialized
medical center. Patients who agreed to participate in the study
were continuously allocated to the next available spot on the
list by study personnel (authors SEB and CA). Participantswere
informed about their group allocation at the end of the baseline
meeting. Because of the nature of the intervention, neither
participants nor study personnel were blinded to participants
group alocation.
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Statistical M ethods

Baseline characteristics of study participants are presented as
mean (SD) or number (%) for continuous and categorical
variables, respectively. Variables were checked for normality
and outliers. The Student t test or the chi-sgquare test was used
to assess potential differencesin baseline characteristics between
the intervention and control group.

We used linear mixed models with fixed and random intercept
and dope for the time variables to assess if there were
longitudinal differences in MVPA at 3 months of follow-up
(primary outcome) and secondary outcomes including MV PA
at 6 months of follow-up and BMI, waist circumference, HbA
total cholesterol, LDL cholesterol, HDL cholesterol,
triglycerides, and systolic and diastolic blood pressure at 3 and
6 months of follow-up between the intervention and control
group. We havethereforeincluded, in addition to timeand group
terms, agroupxtimeinteraction termto assessif any differences
in the study outcomes were constant at 3 and 6 months. For
outcomes that differed significantly between the study groups
at baseling, that is, MVPA, additional sensitivity analysis
adjusting the models for baseline levels of the outcome was
performed according to the methods described by Twisk et al
[32]. The analysis of intervention effect was made following
the intention-to-treat approach [33]. Missing data were
associated with a primary care center, with 17/25 (68%)
participants with missing accelerometer data at baseline
belonging to primary care center 1. Missing datawere assumed
to be missing at random and not depending on the study group
asthe degree of missing datawas similar in both theintervention
and control group during the intervention. Participants with
complete data at baseline for each specific outcome variable
were included in the analysis of intervention effect at 3 and 6
months.

Post hoc sensitivity analyses using self-reported data on physical
activity from the baseline questionnaire were carried out to deal
with the unblinded nature of our study and the potential bias
that may have been present during baseline accelerometer
measurements. Although participants were not connected to the
DiaCert app until after the completion of baseline accelerometer
measurements, they were aware of which group they were
randomized to during measurements. This could potentially
have affected baseline levels of MV PA, which might not have
represented the “true” levels of MV PA before the start of the
study. Multipleimputation based on MICE (multipleimputation
by chained equations) was used to address this issue [34]. We
first set all baseline values of MV PA for the intervention group
to missing. To predict MV PA at baseline for participantsin the
intervention group in the hypothetical scenario in which
participants were blind to the intervention, we implemented
MICE using al relevant baseline variables. The variables
included in the model were age, sex, height, weight, education,
household income, marital status, smoking and snuff habits, the
year of diabetes diagnosis, the center of recruitment,
self-reported level s of physical activity, and the number of valid
accelerometer days at baseline. We compared the imputed and
the observed values of MV PA at baseline using a 2-tailed t test.
Linear mixed models, as described above, were theresfter fitted
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to contrast differencesin MV PA between the intervention and
control group using the imputed data for MVPA at baseline.

Statistical tests were 2-sided, and the significance level was set
to P<.05. Statistical analyses were performed using Stata
(version 17; StataCorp).

Results

A total of 181 persons with type 2 diabetes were included in
thetrial, of whom 93 were randomized to the intervention group
and 88 were randomized to the control group. At 3 months, the

Bonnetd

dropout rate was 10.5% (19/181), and at 6 monthsit was 14.9%
(27/181). Dropout was higher among participants in the
intervention group (n=12 vs n=7 at 3 months, and n=6 vs n=2
at 6 months) than among those in the control group. In total,
156 participants had valid accelerometer data on physical
activity at baseline. Of these, 137 (87.8%) also had valid data
at the 3-month follow-up (primary outcome). At baseline, most
participants (75.6%, 118/156) had valid accel erometer datafrom
all 7 days, 14.7% (23/156) had valid datafrom 6 days, and 9.6%
(15/156) from 5 or 4 days. A flowchart of participants with
complete data from the different assessments is presented in
Figure 1.

Figure 1. Flowchart of participation and data completeness at baseline and follow-up after 3 and 6 monthsin the DiaCert study. 3Number of participants

with valid accelerometer data, that is, at least 16 hours of wear time and a total of 4 valid days including at least 1 weekend day; bTriglycerid% and
cholesterol (total, low-density lipoprotein, and high-density lipoprotein). BP: blood pressure; HbA . hemoglobin A1, WC: waist circumference.

Persons with type 2 diabetes agreeing
to participate in the study
n=181

N

Intervention group Control group
n=93 n=88
I |
("Physical activity>: n=76 Physical activity> n=80 )
. HbA,. and lipids®: n=90 HbA,, and lipids®: n=88
Baseline 1 1
BMI, WC, and BP<: n=93 BMI, WC, and BP*: n=88
\_Questionnaire: n=85 Questionnaire: n=86 Dropout
I } Intervention group n=12
(Physical activity®> n=76 \ ( Physical activity®: n=70 ) Control group n=7
HbA,. and lipids®: n=77 HbA, and lipids®: n=73
[ 3 months } BMI, WC, and BPS: n=81 BMI, WC, and BP<: n=79
\_Questionnaire: n=77 \_Questionnaire: n=78 Dropout
I i Intervention group n=6
(Physical activity>: n=56 ) (Physical activity®, n=66 Control group n=2
HbA, and lipids®: n=69 HbA,. and lipids®: n=76
[ 6 months J BMI, WC, and BP: n=70 BMI, WC, and BP®: n=79
\_Questionnaire: n=62 J \_Questionnaire: n=74

Characteristics of al 181 study participants are presented in
Table 1. The mgjority of participants were men (119/181,
65.8%), and the mean (SD) age at baseline among all
participants was 60.0 (11.4) years. The mean (SD) BMI among
all participants was 30.4 (5.3) kg/m?. Overweight and obesity
was common, 85.6% (155/181) had a BMI of =25 kg/m?, and
48.1% (87/181) had a BMI of =30 kg/m* Mean (SD) HbA .
was 53.6 (12.8) mmol/mol. There were no statisticaly
significant differences between the study groups regarding age
distribution, primary care center belonging, sex, smoking, time
since diabetes diagnosis, or clinical variablesincluding HbA
and lipid levels. In study participants with complete
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accelerometer dataat baseline (n=156), therewasastatistically
significant differencein accel erometer-measured baselinelevels
of physical activity between theintervention and control group,
with higher MV PA (38.3 vs 29.8 minutes/day, P=.04) measured
in the intervention group. Using the imputed data for the
intervention group, the baseline MVPA was estimated to be
32.3 minutes/day, which did not differ from the measured level
in the control group (P=.62). Additionally, self-reported levels
of physical activity at baseline, that is, time spent exercising
and total leisuretime activity, did not differ between the groups
(P=.20 and P=.20, respectively). Baseline characteristics of
participants with complete accelerometer data at baseline can
be found in Multimedia Appendix 1.
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Table 1. Characteristics of study participants by study group (N=181).

Characteristic Intervention group (n=93) Control group (n=88) P value?
n (%) Mean (SD) n (%) Mean (SD)

MVPAPS (minutes/day) 76 (82) 38.3(28.3) 80 (92) 29.7 (24.1) .04
BMI (kg/m?) 93 (100) 30.2(5.5) 88 (100) 30.6(5.2) 61
Waist circumference

Women 33(35) 102 (12.6) 28 (32) 103 (15.8) 75

Men 59 (63) 111 (15.6) 60 (68) 110 (13.3) .75
Hemoglobin A (mmol/mol) 89 (96) 53.6 (13.0) 88 (100) 53.5(12.7) 97
Total cholesterol (mmol/L) 74 (80) 4.56 (1.00) 70 (80) 4,50 (1.18) 77
LDLY cholesterol (mmoliL) ~ 73(78) 270 (0.89) 70 (80) 2.64(1.13) 72
HDL® cholesterol (mmol/L) 74 (80) 1.25(0.34) 70 (80) 1.23 (0.40) .73
Triglycerides (mmol/L) 72 (77) 1.54(0.76) 69 (78) 1.64 (0.94) 45
Blood pressure (mm Hg)

Systolic 92 (99) 138.7 (16.2) 88 (100) 137.0 (14.8) 45

Diastolic 92 (99) 83.6(9.9) 88 (100) 82.6 (9.5) 50
Sex .50

Male 34(37) _f 28(32) —

Female 59 (63) — 60 (68) —
Age (years) 24

<50 20 (22) — 16 (18) —

50-59 28 (30) — 19 (22) —

60-69 31(33) — 30 (34) —

>70 14 (15) — 23 (26) —
Leisuretimeactivity? (min- 27
utes/week)

<60 6(7) 11 (13) —

60-90 8(10) — 8(10) —

90-150 17 (20) — 15 (18) —

150-300 14 (17) — 22 (26) —

>300 39 (46) — 28 (33) —
Primary care centers .88

1 35(39) — 31(35) —

2 14 (15) — 13 (15) —

3 6 (6) — 8(9) —

4 23 (25) — 23 (26) —

5 10 (11) — 11(13) -

Specialized medical cen- 5 (5) — 2(2) —

ter
Time spent exercisingh (minutes/week) 26

Never 35 (42) — 38 (44) _

<30 12 (14) — 12 (14) —

30-90 13 (15) — 21 (24) —
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Characteristic Intervention group (n=93) Control group (n=88) P value®
n (%) Mean (SD) n (%) Mean (SD)
>90 24 (29) — 15 (17) —
Smoki ngi 41
Yes 11 (13) — 9(11) —
No, ever smoker 31 (37) — 40 (47) _
No, never smoker 42 (50) — 36 (42) —
Time since diabetes diagnosi§ (years) 50
<1 8(11) — 13 (18) —
1-5 20 (29) — 17 (24) —
>5 42 (60) — 42 (58) —
Education® (years) 69
<12 45 (54) — 44 (51) -
>12 38 (46) — 42 (49) —

®-tailed t test was used for continuous variables and the chi-square test was used for categorical variables. Italicized P values represent statistical

significance.

PMVPA: moderate to vigorous physical activity.

“Missing data from n=17 (intervention) and n=8 (control).

dpL: low-density lipoprotein.

®HDL: high-density lipoprotein.

ot available.

9From questionnaire, missing data n=9 (intervention) and n=4 (control).
PErom questionnaire, missing data n=9 (intervention) and n=2 (contral).
Missi ng data n=9 (intervention) and n=3 (controal).

IMiss ng data n=23 (intervention) and n=16 (control).

KMiss ng data n=10 (intervention) and n=2 (control).

Effectiveness of the I ntervention—M V PA

Resultsfrom between-group analysis and the intervention effect
on minutes/day of MVPA are shown in Table 2. The mean
change in minutes/day of MVPA from baseline to follow-ups
is graphically shown in Figure 2. The statistically significant
difference in minutes/day of MVPA seen between the groups

https://www.i-jmr.org/2024/1/e53054
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at baseline, with participants in the intervention group being
more active than participantsin the control group, remained at
the 3-month follow-up. The predicted mean difference between
the groups after 3 months was 10.05 minutes (95% CI
1.66-18.44). At the 6-month follow-up, therewas no statistically
significant difference in MVPA between the groups (3=5.02,
95% Cl —3.72 to 13.75).
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Table 2. Theintervention effect on the primary outcome of daily minutes of moderate to vigorous physical activity (MVPA) at 3 months of follow-up
and on secondary outcomes including MVPA at 6 months of follow-up and clinical variablesin the DiaCert study.

Characteristic

Group sample means

Model estimates®
b

Intervention (n=93) Control (n=88) Difference Group by time interaction
n (%) Mean (SD) n (%) Mean (SD) Mean (95% ClI) B (95% CI)

MVPA (minutes/day)

3 months 70 (75) 36.6(255) 67 (76) 26.7(21.1)  10.05 (1.66 to 18.44) 1.51 (-5.53 t0 8.55)

6 months 55 (59) 342(29.4)  63(72) 311(27.0)  5.02(-3.72t0 13.75) -3.53(~10.97 t0 3.92)
BMI (kg/m?)

Basdline 93(100)  30.2(5.5) 88(100)  30.6(5.2) N/AC N/A

3 months 81(87) 30.1(5.7) 79 (90) 30.3 (5.0) -0.12 (-1.67 t0 1.44) 0.29 (-0.02 t0 0.61)

6 months 70 (75) 30.0 (6.0) 79 (90) 29.9 (5.0) 0.11 (-1.45 to 1.67) 0.52 (0.20 to 0.84)
Waist circumference (cm)

Baseline 92 (99) 107 (15.1) 88(100) 108 (14.4) N/A N/A

3 months 80 (86) 107 (15.6) 79 (90) 108 (13.6) -0.61 (-4.90 10 3.69) -0.46 (-1.7510 0.83)

6 months 69 (74) 107 (17.0) 79 (90) 106 (13.6) 0.47 (-3.84 t0 4.77) 0.61 (-0.71t0 1.94)
Hemoglobin A4 (mmol/mol)

Baseline 89 (96) 53.6 (13.0) 88 (100) 535 (12.7) N/A N/A

3 months 75 (81) 50.0 (9.9) 73(83) 532(13.4)  —2.45(-6.08t0 1.17) —2.54 (-5.36 10 0.29)

6 months 67 (72) 51.2(10.7)  76(86) 51.2(10.6) -0.21(-387t0344)  —0.30(-3.16t02.57)
Total cholesterol (mmol/L)

Baseline 74 (80) 456(1.00)  70(80) 450(1.18)  N/A N/A

3 months 62 (67) 439(0.80)  57(65) 448(091)  —-0.06(-0.401t0 0.28) -0.11 (-0.37 0 0.14)

6 months 55 (59) 4.38(0.84) 59 (67) 4.27(1.02) 0.10 (-0.24 t0 0.44) 0.05(-0.21t0 0.31)
LDLY cholesterol (mmol/L)

Baseline 73(78) 2.70(0.89)  70(80) 264(113)  N/A N/A

3 months 59 (63) 2.44(0.65 56 (64) 2.48(0.89)  —0.01(-0.33t0 0.30) -0.07 (-0.30t0 0.15)

6 months 54 (58) 244(068)  57(65) 2.38(0.85)  0.09 (-0.23 to 0.40) 0.02 (-0.20 to 0.25)
HDL € cholesterol (mmol/L)

Baseline 74 (80) 1.25(0.34)  70(80) 1.23(0.40)  N/A N/A

3 months 62 (67) 1.22(0.34)  57(65) 1.24(0.38)  —0.04 (-0.16 10 0.09) -0.06 (-0.12 t0 0.01)

6 months 55 (59) 1.26(0.36) 57 (65) 124(0.39)  -0.04(-0.17t0 0.08) ~0.06 (-0.13 to 0.001)
Triglycerides (mmol/L)

Baseline 72(77) 154 (0.76) 69 (78) 1.65(0.949  N/A N/A

3 months 60 (65) 1.71(1.03)  58(66) 1.76(0.96)  —0.01(-0.32100.29) 0.10 (-0.15 t0 0.34)

6 months 52 (56) 156(0.83) 56 (64) 166(0.83)  -0.07 (-0.38t0 0.24) 0.04 (-0.21t0 0.29)
Systalic BPf (mm Hg)

Baseline 92 (99) 139 (16.2) 88(100)  137(14.8) N/A N/A

3 months 80 (86) 135 (13.3) 79 (90) 134 (11.8) 1.21 (-2.98 to 5.40) -0.54 (—4.62 10 3.53)

6 months 70 (75) 136 (12.8) 78 (89) 136 (12.6) 0.70 (-3.60 to 4.99) —-1.05 (-5.23t0 3.13)
Diastolic BP (mm Hg)

Baseline 92 (99) 83.6 (9.9) 88(100)  82.6(9.5) N/A N/A

3 months 80 (86) 81.8(9.1) 79 (90) 79.2(105)  2.78(-0.14105.69) 1.79 (~1.06 to 4.64)
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Characteristic Group sample means Model estimates®
Intervention (n=93) Control (n=88) Difference® Group by time interaction
n (%) Mean (SD)  n (%) Mean (SD)  Mean (95% Cl) B (95% Cl)
6 months 70 (75) 81.2(8.7) 78 (89) 79.9 (9.4) 1.87 (-1.12t0 4.85) 0.88 (—2.04t0 3.81)

8Results from linear mixed model analysis including participants with complete baseline data.
bDifference between groups at the specified time point based on predicted means from linear mixed models.

€ not applicable.
dpL: low-density lipoprotein.
€HDL: high-density lipoprotein.
"BP: blood pressure.

Figure 2. Changes over time in moderate to vigorous physical activity (MVPA, minutes/day) in the intervention and control group. Predicted group
means from linear mixed model analysis. Results correspond to model estimates shown in Table 2.
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We found no statistically significant effect of the intervention
(group by time interaction) on MVPA at either the 3- or the
6-month follow-up (Table 2). When adjusting for baselinelevels
of MVPA, results remained nonsignificant at both 3 (3=4.38,
95% Cl —2.11 to0 10.88) and 6 (=—0.65, 95% Cl —7.58 t0 6.29)
months. Additionally, results from sensitivity analyses using
imputed baseline data al so remained nonsignificant at follow-up
after both 3 (3=6.86, 95% Cl —4.05 to 17.78) and 6 (3=1.44,
95% CI —9.87 to 11.76) months.

Effectiveness of | ntervention—Clinical Variables

Detailed results from between-group analyses and the
intervention effect on clinical variables included as secondary
outcomes are shown in Table 2. The mean change in outcomes
from baselineto follow-upsisgraphically shownin Multimedia
Appendix 2. We found no statistically significant differences
in any of the secondary outcomes at the 3- or 6-month
follow-ups, except for in the analysis of BMI where a
statistically significant effect of the intervention was seen at 6
months (group by time interaction: 0.52, 95% CI 0.20-0.84).
However, there was no difference in mean BMI between the
groups at the 6-month follow-up (predicted difference in mean:
0.11, 95% Cl —1.45 to 1.67). Participants in the control group

https://www.i-jmr.org/2024/1/e53054
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3 months

6 months

-——®-—- Intervention

had a dightly higher BMI at baseline than participants in the

intervention group (30.6 vs 30.2 kg/m?), although this difference
was not statistically significant (P=.61).

Discussion

Principal Findings

In this 2-armed randomized controlled trial, we found no clear
effect of the DiaCert app promoting daily walking in persons
with type 2 diabetes. We found no increase in objectively
measured MV PA after neither 3 (primary outcome) nor 6 months
of follow-up compared with standard care when accounting for
baseline levels of MVPA. This is in line with results from
Thorsen et a [20]. They were not able to show an effect of
app-based interval walking on MV PA over 52 weeks compared
with standard care among persons with type 2 diabetes. On the
contrary, Poppe et a [19] found that an eHealth and mHealth
intervention that primarily targeted physical activity in persons
with type 2 diabetes led to increased physical activity and
decreased sedentary behavior. Participantsin our study and the
study by Thorsen et a [20] reported more time in MVPA at
baseline compared with those in the study by Poppe et al [19].
This might have contributed to the difference in effect between
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the studies, as ahigher baselinelevel of MVPA may imply less
room for improvement.

Other previous studies have also shown an effect of mHealth
solutions to increase physical activity. Hochsmann et al [35]
showed that an interactive smartphone game aimed at increasing
daily steps in persons with type 2 diabetes had a significant
effect on activity compared with a control group receiving
standard lifestyle counseling. Glynn et al [36] evaluated the
effect of an app that aimed to increase physical activity in
primary care patients and found that the intervention group
increased their number of daily steps compared with the control
group. In the randomized Sophia step study, comprising persons
with prediabetes or type 2 diabetes in Sweden [37],
self-monitoring of daily physical activity using pedometerswith
registration of stepson theweb in combination with counseling
did not increase level s of physical activity but seemed to prevent
the decrease in physical activity seen in the control group.
Although our primary hypothesis was rejected and we could
not show that the use of the DiaCert app led to increased MV PA
among persons with type 2 diabetes, results from other studies
still indicate that mHealth solutions can have positive effects
on physical activity.

Although we found a datistically significant effect of the
DiaCert intervention on BMI at the 6-month follow-up, there
was no difference in mean BMI between the groups at any time
point. Therefore, we cannot draw any conclusion regarding the
effect on BMI. Not all studies eval uating interventionstargeting
physical activity include anthropometric outcomes, and the
effect on BMI in previous studies are mixed, showing no effect
or indicating a small reduction favoring the intervention group
[10,12]. Thorsen et al [20] did not report BMI as an outcome,
but found a nonsignificant reduction of waist circumference.
Similar to the Sophia step study, our results provided no
evidence for an effect on waist circumference [37].

Reviewsand meta-analyses[11,13,15] provide strong evidence
for a positive effect of mobile appsfor lifestyle modification in
persons with type 2 diabetes on HbA ;. levels. However, dl of
the evaluated apps included monitoring of blood glucose. The
effects on other clinical markers including body weight, blood
lipids, and blood pressure are less clear [38]. Our resultsarein
line with the Sophia step study, where no effects on
cardiometabolic variables, including HbA ,, triglycerides, HDL
cholesterol, and LDL cholesterol, were seen [37]. Neither our
study nor the Sophia step study included a glucose-monitoring
component, which may explain the lack of an effect on HbA ;..
Nevertheless, results from a meta-analysis by Lee et al [12]
indicated that mHealth interventions in persons with type 2
diabetes >65 years of age may improve blood lipid profiles,
which we found no evidence of. One explanation for the lack
of an effect on cardiometabolic markers is that a changed
lifestyle behavior for the better could have led to lowered
medication, leaving HbA ;, serum lipid levels, or blood pressure
unchanged. We did not assess changes in medications during
the intervention, which is alimitation of our study.

The use of different behavior change techniques may also
explain differencesin efficacy between apps. Fanning et a [39]
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investigated the effect of a basic self-monitoring app (tracking,
feedback, information) and 2 theory-based tools (goal setting
and point-based feedback) on MV PA among healthy but inactive
adults. Four different groups received either a basic
self-monitoring app only or the basic app together with (1) goal
setting, or (2) feedback, or (3) goa setting and feedback. All
groups increased their MVVPA, but the feedback group showed
the highest increase. While the DiaCert app comprised severa
behavioral changetechniquesthat previoudly have been included
in successful interventions, such as monitoring, goal setting,
and positive feedback, it did not include other features associated
with effective results, for example, frequent reminders or the
option to share data with peers [40]. How the included
components are designed may also affect results; for example,
goal setting can be personalized or generic, and agoal can be
more or less challenging.

Strengthsand Limitations

The design of this randomized controlled study is one of the
strengths of our study. The fact that study participants were
recruited from 6 different care centerslocated in different areas
with diverse populations and levels of socioeconomic statusis
another strength. This likely increased generalizability of our
results. However, a limitation of our study is that we did not
record the number of patients who turned down participation
after being contacted by study personnel. Nevertheless, the mean
age in our study was dightly lower than that of the average
person with type 2 diabetes in Sweden, but levels of BMI and
HbA ;. weresimilar [41]. Younger personsmay be moreinclined
to participate in an app-based intervention, although internet
access and smartphone usage are high also among older age
groups in Sweden [42]. Another strength of our study is that
both men and women wereincluded. Earlier studies have shown
that women participate in physical activity programs more than
men [43]. Thelarger proportion of menin our study could partly
be explained by the higher preval ence of type 2 diabetes among
men; almost 60% of personswith type 2 diabeteswithin primary
care in Sweden are men [41]. It could also be speculated that
older men are more interested in using technology than older
women and therefore more likely to participate in an mHealth
intervention.

The fact that participants were not blinded to the intervention
isalimitation. While baseline information regarding the clinical
variablesisunlikely to have been affected by participants being
aware of their group allocation, this knowledge may have had
an impact on accelerometer measurements. Participants can,
intentionally or unintentionally, change their physical activity
behaviors during the measuring period. The statistically
significant differences between the intervention and control
group in accelerometer-measured MV PA at baseline were not
seen for physical activity assessed in the baseline questionnaire.
This could be interpreted as an immediate effect of being
randomized to the intervention group and thereby feeling
encouraged to become more active. Future studies should be
careful not to disclose allocation information to participants
until all baseline measures have been completed. It is aso a
limitation that personnel working in the study were not blinded
during measurements. Nevertheless, objective accelerometer
measurement of physical activity and clinical biomarkers
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including HbA . and lipid levels represent a strength in our
study design asthey areless proneto biased estimates resulting
from unblinded study personnel. The continuous recruitment
of study participants during the whole year also reduced the
risk of results being biased due to season.

We did not reach our goal of including 250 participants in the
study, which is alimitation. Because adigital solution must be
continuously updated to run with the current iOS and Android
versions, we had to end recruitment after 2.5 yearsfor practical
reasons, before reaching the goal. However, dropout rates were
lower than the estimated 20% in our power calculation [21].
Lack of data on user engagement and adherenceto the appisa
limitation as higher user engagement has also been associated
with morefavorable outcomes[44]. Decreased app engagement
over time during an intervention period has been suggested as

Bonnetd

a potential explanation for the lack of more long-term effects
of physical activity promoting apps [45].

Conclusions

We found no evidence that persons with type 2 diabetes being
randomized to use an app promoting daily walking increased
their levels of MVPA at 3 or 6 months of follow-up compared
with controlsreceiving standard care. Further, the effect on BMI
was unclear, and we found nothing to support an effect of being
randomized to use the DiaCert app on waist circumference,
HbA ., tota cholesterol, LDL cholesterol, HDL cholesteral,
triglycerides, and systolic or diastolic blood pressure compared
with standard care. Further research is needed to determine what
type of mHealth physical activity intervention could be effective
to increase physical activity and improve cardiometabolic
markers among persons with type 2 diabetes.
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LDL: low-density lipoprotein

mHealth: mobile health

MICE: multiple imputation by chained equations

MVPA: moderate to vigorous physical activity
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