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Abstract

Background: Tinnitus, or ringing in the ears, is a phantom perception of sound in the absence of overt acoustic stimulation.
Many patients indicate that the perception of their tinnitus is not constant and can vary from moment to moment. This tinnitus
fluctuation is one of the diagnostic criteria for somatosensory tinnitus (ST), a tinnitus subtype that is influenced by cervical spine
or temporomandibular dysfunctions, although various factors have been reported to cause fluctuations in tinnitus, such as stress,
anxiety, and physical activity.

Objective: The aim of this study was twofold: (1) to investigate the presence of physical symptoms in a large group of participants
with tinnitus and (2) to investigate if these physical symptoms are more frequently present in a subgroup of participants with ST.

Methods: A Web-based survey, questioning the presence of physical symptoms in a convenience sample of participants with
tinnitus, was launched on the online forum, Tinnitus Talk, managed by Tinnitus Hub. After a general analysis of the physical
symptoms present in our survey population, we further analyzed the group of participants who were diagnosed by a physician
(n=1262). This subgroup was divided into 2 groups, one group diagnosed with ST and another group diagnosed with other types
of tinnitus.

Results: In total, 6115 participants with a mean age of 54.08 years (SD 13.8) completed the survey. Physical symptoms were
frequently present in our sample of participants with tinnitus: 4221 participants (69.02%) reported some form of neck pain, 429
(7.01%) were diagnosed with temporomandibular disorders, 2730 (44.64%) indicated they have bruxism, and between 858 and
1419 (14.03%-23.20%) participants were able to modulate their tinnitus by voluntary movements. ST was diagnosed in 154 out
of 1262 (12.20%) participants whose tinnitus cause was diagnosed by a physician. Symptoms referring to the known diagnostic
criteria were evidently more present in the ST group than in the non-ST group. Additionally, participants with ST more often
indicated a negative effect of a bad night’s sleep (P=.01) and light intensity exercise (P=.01).

Conclusions: Physical activity and movement (disorders) frequently affect tinnitus severity. Head-neck related symptoms are
more frequently reported in the ST group, as is the ability to modulate the tinnitus by head or jaw movements. Additionally,
participants with ST more often report fluctuations of their tinnitus and reaction to sleeping difficulties and low intensity exercise.

(Interact J Med Res 2019;8(3):e14519)   doi:10.2196/14519
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Introduction

Tinnitus is the phantom perception of sound in the absence of
overt acoustic stimulation [1]. The perception of tinnitus can
be tonal or noise-like and is often described as hissing, sizzling,
or ringing [2]. If the perception of tinnitus is ongoing for more
than 6 months, the condition is considered as chronic tinnitus.
This occurs in about 10% to 15% of adults [2] and is often
related to hearing loss or a noise trauma, where cochlear
abnormalities are the initial source and neural changes in the
central auditory system maintain the tinnitus [2]. Furthermore,
for many, the perception of tinnitus is not constant and can vary
from moment to moment [3]. This fluctuation of tinnitus can
depend on various factors, such as stress [4], emotional states
[5], anxiety [6], depression [6], cervical spine dysfunction [7],
and temporomandibular disorders (TMDs) [8], but also, physical
activity [9,10] has been reported to influence the perception of
tinnitus.

In this study, we were interested in the influence of physical
activity on the perception of tinnitus. It has been found that
accelerometer-assessed physical activity correlates negatively
with tinnitus severity [9,10] and correlates positively with
health-related and global quality of life [10]. In contrast, patients
in clinical practice often complain about an increase in tinnitus
loudness during or immediately after physical activity.
Additionally, it is still unclear if these effects are present in all
patients with tinnitus.

Furthermore, cervical spine and TMDs can be a risk factor for
tinnitus, which is often referred as somatosensory tinnitus (ST)
[7,11-13]. In this type of tinnitus, changes in somatosensory
afference from the cervical spine or temporomandibular area
are causing or changing the tinnitus percept. ST can be
diagnosed based on the presence of a series of characteristics
of the tinnitus, such as the ability to change the tinnitus by
certain movements, and accompanying symptoms, such as neck
pain, headache, or jaw pain [12]. However, it is not known if
other physical influences are also more common in patients
with ST than in patients with other types of tinnitus.

The aim of this study was therefore twofold: first to investigate
the presence of physical symptoms in a large group of
participants with tinnitus and second to investigate if these
physical symptoms are more frequently present in a subgroup
of participants with ST.

Methods

Survey
A Web-based survey, questioning the presence of physical
symptoms in a convenience sample of participants with tinnitus,
was launched on the online forum, Tinnitus Talk, managed by
Tinnitus Hub, in February 2017. The idea of the survey topic
was conceived from talking to patients and moderating the
online forum. Questions were designed on consultation with
tinnitus researchers and a small pool of the forum’s community
and trialed with this group before launch. This was done to
make sure that all questions were clear and unambiguous and
that no technical issues were present. The final questionnaire

consisted of 21 questions that asked for different physical
symptoms that can accompany the tinnitus and for a set of
tinnitus characteristics. The complete list of questions is
displayed in Multimedia Appendix 1.

The survey was advertised on the Tinnitus Hub website and
launched as a closed survey, open to all registered users of the
online forum, Tinnitus Talk. No incentives were offered to
participants. An internet protocol check was used to identify
and block potential duplicate entries from the same user. All
participants gave informed consent to use their anonymized
data. No personal information was collected during the process.

Data Analysis

General Characteristics and Physical Symptoms
Participant characteristics and the presence of physical
symptoms in the entire group were analyzed using descriptive
statistics and frequencies.

Somatosensory Tinnitus
Participants who indicated in question 6 that their tinnitus cause
was diagnosed by a physician were separated from the rest of
the patients. The group that was diagnosed by a physician was
then used to create 2 subgroups: one diagnosed with ST (ST
group) and another with other tinnitus diagnoses (non-ST group).
Differences between both groups were analyzed using Fisher
exact tests in case of dichotomous variables and via independent
sample t tests for continuous variables. Correction for multiple
comparison was made with the Benjamini-Hochberg false
discovery rate procedure, using a false discovery rate of 5%. In
the Results section, only the corrected Benjamini-Hochberg P
values are presented. The significance level was set at P less
than .05.

Only complete questionnaires, without missing data, were used
for the analysis. All analyses were performed using IBM SPSS
Statistics for Macintosh (version 25.0; IBM Corporation).

Results

General Characteristics
A group of 6115 participants (51.60% male participants, 47.80%
female participants, and 0.30% transgender participants) with
a mean age of 54.08 years (SD 13.8) filled out the Web-based
survey (details are presented in Table 1). Participants originated
from 62 different countries with the highest percentages from
the United Kingdom (25.30%) and the United States (40.40%).
In 4157 (67.90%) participants, the primary tinnitus cause
corresponded to one of the causes listed in the questionnaire
(Table 2) and 1618 (26.50%) participants indicated an unknown
cause of their tinnitus. In all other cases, the cause of the tinnitus
was marked as not listed. The most frequently mentioned causes
were noise-induced hearing loss (748 or 12.20%) and noise
trauma (624 or 10.20%). ST was identified as the primary cause
of the tinnitus in 409 out of 6115 (6.60%) participants and as a
secondary cause in 16.30%. Psychological problems, such as
stress, anxiety, and depression, were listed as the primary cause
in 4.40% of the participants and in 12.90% (996/6115) as a
secondary cause.
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Table 1. Demographics.

ValueVariable

6115Subjects, n

Gender, n

3154Male

2925Female

17Transgender

54.07 (13.81)Age (years), mean (SD)

5.62 (1.92)VASa loudness, mean (SD)

aVAS: visual analogue scale.

Table 2. Tinnitus causes (N=6115).

Value, n (%)Primary tinnitus cause

250 (4.09)Age-related hearing loss

28 (0.46)Allergy to something

65 (1.06)Barotrauma

51 (0.83)Dental treatment

36 (0.59)Ear wax build up

69 (1.13)Ear wax procedure

108 (1.77)Eustachian tube dysfunction

217 (3.55)Head or neck injury

170 (2.78)Menière’s disease

55 (0.90)Metabolic disease

748 (12.23)Noise induced hearing loss

624 (10.20)Noise trauma

48 (0.78)Otosclerosis

304 (4.97)Ototoxic medication

269 (4.40)Psychological

237 (3.88)Sudden hearing loss

141 (2.31)Temporomandibular dysfunction

476 (7.78)Virus

1618 (26.46)Unknown

340 (5.56)Cause not listed

The duration of tinnitus ranges from very recent to more than
30 years with an average of 6.26 years (SD 6.81). The average
tinnitus loudness over the last week on the visual analogue scale
(VAS) was 5.62 (SD 1.92). The average tinnitus annoyance
over the last week on the VAS was 5.12 (SD 2.24).

A total of 1763 (62.80%) participants were diagnosed with
moderate-to-severe hearing loss and 3976 (65.40%) reported
to experience a negative effect on their tinnitus from emotional
stress and 3756 (62.00%) from anxiety.

Presence of Physical Symptoms
In our group of 6115 participants, 4221 (69.00%) pointed out
that they regularly get neck pain, although only 649 (10.60%)
participants have an actual medical condition related to this

neck pain (Multimedia Appendix 2). Only 429 out of 6115
(7.00%) participants were diagnosed with TMDs, although 668
(10.90%) complained about jaw pain, 517 (8.50%) about a tired
feeling in the jaw muscles, and 1126 (18.40%) about clicking
of the jaw. Additionally, 2730 (44.60%) participants have
bruxism and 2325 (38.00%) complain about frequent headache
episodes.

Clinically, participants often complain about changes in their
tinnitus pitch or loudness, which often makes it hard to keep
the tinnitus out of the conscious perception. In our group, 4250
participants (69.50%) report daily fluctuations of their tinnitus
and 2732 (44.70%) have fleeting episodes at least once a month.
Apart from tinnitus changes after sound exposure (63.50%),
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tinnitus can also be modulated by different movements of the
head, neck, or jaw or by pressure on different parts of the body.
In our study, the largest group reported that they could modulate
their tinnitus by clenching their teeth (1419 or 23.20%) or
pushing their jaw outward (1304 or 21.30%). More details can
be found in Multimedia Appendix 3.

With regard to the short-term influence of physical activity on
tinnitus, we found that 902 participants (14.80%) reported
positive effects of light exercise, whereas only 496 (8.10%)
indicated a positive effect of an intense workout on their tinnitus.
On the contrary, 1195 (19.50%) complained about a negative
influence of an intense workout on their tinnitus, compared with
only 574 (9.40%) that complained after light exercise
(Multimedia Appendix 4).

Somatosensory Tinnitus
The cause of the tinnitus was diagnosed by a physician in 1262
participants (20.60%). For the following part of the results, we
only used these 1262 participants who were divided into 2
groups based on the diagnosis: one group of participants
diagnosed with ST (ST group) and another group with other
diagnoses (non-ST group).

In 154 out of 1262 participants (12.20%), ST was diagnosed as
either the primary (5.80%) or secondary (11.90%) cause of the
tinnitus. The results of the comparison of the ST and non-ST
group are shown in Table 3 and Multimedia Appendices 5-7.
No significant differences in age and gender were found between
both groups (P=.61). With regard to the tinnitus pitch, 61 out
of 154 (42.40%) participants of the ST group describe their
tinnitus as a mixture of tones, compared with 367 out of 1108
(32.10%) in the non-ST group. In the ST group, a significantly
higher percentage reported that his or her tinnitus varied during
the day. A feeling of fullness in the ears after activity was also
more present in the ST group. With regard to the ability to
modulate the tinnitus by head or jaw movements, all types of
modulation are significantly more often present in the ST group,
except for the modulation by pushing the jaw outward.

Head-neck–related symptoms are evidently more frequently
reported in the ST group. For instance, participants with ST
indicated more often that they suffered from stiff or sore neck
muscles and from headache. Similarly, TMD symptoms are
more often present in the ST group. Significant differences were
found for the presence of bruxism and pain or discomfort in the
jaw.

Table 3. Presence of diagnostic criteria for somatosensory tinnitus in participants with and without somatosensory tinnitus.

Corrected P valueNon-ST group (n=1108), %STb group (n=154), %Characteristics referring to DC-STa

<.0018.0025.00Neck pain from medical condition

<.00113.0027.00Restricted neck movement

<.00133.0060.00Headaches

<.00144.0066.00Bruxism

<.00116.0033.00Tinnitus modulation while pressing jaw

<.00116.0028.00Tinnitus modulation while pushing jaw backward

<.00116.0033.00Tinnitus modulation while looking up

<.0019.0028.00Jaw pain

<.0011.0010.00Jaw blockage

<.0017.0021.00Jaw tired feeling

<.00111.0036.00Tense jaw muscles

<.00114.0038.00Jaw clicking

<.0014.0033.00TMDc diagnosis

.0119.0030.00Neck pain from bad posture

.0118.0028.00Tinnitus modulation while pushing head forward against resistance

.0170.0081.00Tinnitus changes during the day

.0113.0022.00Neck pain after physical activity

.0124.0034.00Tinnitus modulation while clenching teeth

.0823.0030.00Tinnitus modulation while pushing jaw outwards

.3320.0024.00Neck pain from lying in bed

aDC-ST: diagnostic criteria for somatosensory tinnitus.
bST: somatosensory tinnitus
cTMD: temporomandibular disorder.
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Additionally, participants diagnosed with ST more often
reported a negative effect of a bad night’s sleep on their tinnitus.
Negative effects of an intense workout and moderate exercise
were present in 265 and 239 out of 1262 (20.00%-25.00%)
participants, respectively, but no significant differences were
found between both groups. The negative influence of light
exercises, on the contrary, was more often present in the ST
group.

Discussion

Principal Findings
The aim of this study was twofold: first to investigate the
presence of physical symptoms in a large group of participants
with tinnitus and second to investigate if these physical
symptoms are more frequently present in a subgroup of
participants with ST.

In general, our study population is similar to tinnitus populations
in other studies with regard to age and average tinnitus loudness
and annoyance [7,14-16].

In a study sample of 6115 participants, we found that physical
symptoms are frequently present in participants with tinnitus:
69.00% of the tinnitus participants reported some form of neck
pain. This number falls within the range of lifetime prevalence
numbers for nonspecific neck pain [17], but it is still higher
than the average lifetime prevalence of 48.50%. For comparison,
the occurrence for headache in 38.00% of the cases corresponds
roughly to the prevalence of an active headache disorder in the
general population [18].

In our study, 7.00% of the participants were diagnosed with
TMD and 10.90% complained about jaw pain, which
corresponds to the prevalence of jaw pain in the general adult
population [19]. However, we would have expected this
prevalence to be higher, as tinnitus is a very common symptom
in participants with TMD. In the literature, tinnitus prevalence
between 30.40% and 64.00% are reported in the TMD
population [8,20,21]. Jaw muscle tightness and jaw clicking,
which are symptoms of TMD, were reported by 14.80% and
18.40% of our study population, respectively, and bruxism, a
parafunction that can lead to TMD, was present in 44.60%. One
explanation for the low number of TMD diagnosis in our study
might be that, not everyone with TMD symptoms visited a
health care provider for his or her symptoms, resulting in an
underestimation of the actual number of participants with TMDs.
Another explanation might be that the studies reporting the
strong association between tinnitus and TMDs are always
situated in a primary TMD population. Therefore, it is hard to
tell if all these participants with TMDs who also perceive
tinnitus are actually bothered by their tinnitus. Our results from
a primary tinnitus population, where the prevalence of TMDs
is not higher than in the general population, strongly suggest
this statement.

Daily fluctuations of the tinnitus pitch or loudness are reported
by 69.50% of our participants. These fluctuations are known to
be very typical in patients with ST and they are included in the
list of diagnostic criteria for ST [12]. Our study also pointed
out that fluctuations are more often present in the ST group but

the large percentage of participants reporting daily fluctuations
in the non-ST group, however, suggests that this item should
not be used as a single criterion for diagnosing ST. More
specifically, 14.00% to 23.10% of our participants were able to
modulate their tinnitus by one of the listed voluntary
movements. Additionally, tinnitus modulation was more often
reported in the ST group than in the non-ST group, although it
must be noted that only 28.00% to 34.00% of the participants
in the ST group reported tinnitus modulation. Therefore, the
absence of tinnitus modulation should never be the only reason
to exclude ST diagnosis [12].

As mentioned in the Introduction section, physical activity can
positively influence tinnitus, as especially moderate physical
activity reduces stress levels [22]. In our population, only
11.50% reported a positive effect of moderate exercise, whereas
18.30% contrarily reported a negative influence. Generally, our
results show that the higher the intensity of the workout, the
higher the percentage of participants who perceive a negative
influence and the lower the percentage who experience a positive
effect. These findings are in contrast with the findings of
Carpenter-Thompson et al [10], who stated that higher levels
of physical activity were significantly associated with lower
levels of tinnitus severity on the Tinnitus Functional Index. This
contradiction can be explained by the temporary increase in
blood pressure associated with higher physical activity and the
fact that tinnitus is associated with arterial hypertension [23-25].
On the contrary, physical activity shows positive long-term
effects on arterial hypertension [26]. Despite the large sample
size, our study is based on retrospective, self-reported data,
which might have influenced the results. More prospective
research is needed to investigate the relationship of physical
exercise and its impact on tinnitus.

Of the 6115 included patients, 22.90% indicated that they had
some form of ST. This corresponds to the 26.50% prevalence
of ST in the tinnitus clinic of the Antwerp University Hospital
(unpublished data) and to data from a cohort study of Ward et
al [27] in the United Kingdom. Other studies have mentioned
higher prevalences of ST, ranging from 43.00% to 83.00%
depending on the used diagnostic criteria [7,28]. In 2018, a new
set of diagnostic criteria for ST was agreed on by an
international group of tinnitus experts [12]. As these criteria
were not yet available when the survey was launched, it is not
entirely clear how the ST diagnosis was made in our survey and
some underdiagnosing might be present.

Items such as the patient’s ability to modulate the tinnitus are
often used for diagnosing ST, which reflects clearly in the higher
percentages of modulation in the ST group, but it must be noted
that tinnitus modulation is also present in 16.00% to 24.00% of
the non-ST group. Other criteria that might be used for
diagnosing ST, such as the presence of neck pain, headache, or
temporomandibular joint problems, are similarly more often
present in the ST group although small percentages are present
in the non-ST group. One very specific criterion from the new
list, Tinnitus is reported to vary, was also more often present
in the ST group (81.00%), but it is also present in 70.00% of
the non-ST group. Some caution with the use of this criterion
is therefore needed. Additionally, patients in the ST group more
often describe their tinnitus as a mixture of tones.
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Interestingly we found a significantly higher percentage of
participants in the ST group who complained about the “feeling
of fullness in the ears after activity.” This symptom has, to our
knowledge, never been described as typical for patients with
ST. On the contrary, fullness in the ears has been described as
a common symptom in patients with TMDs [29]. Further
analysis of our data showed that the participants who indicate
they have a “feeling of fullness in the ears after activity”
significantly more often suffer from pain or dysfunction of the
jaw.

As mentioned earlier, physical activity, and especially the higher
intensity physical activity, can have a negative effect on tinnitus
severity. No significant differences were found between ST and
non-ST groups for the negative effect of high or moderate
intensity physical activity. However, we did find significantly
more participants in the ST group indicating a negative effect
of light intensity exercise.

Finally, participants in our ST group reported significantly more
often a negative effect of a bad night’s sleep compared with the
non-ST group. These findings are logical if we consider that
not only tinnitus is affected by sleeping difficulties but also
neck and jaw pain that are causing the somatosensory influence
in the ST group [30,31].

Limitations
Our study has 1 major limitation: the self-reported nature of the
data, which is of course inextricably linked to survey-based

studies. Patients might, for instance, not always remember the
exact diagnosis the physician made, especially when the consult
was years ago. Additionally, some items, such as “the effect of
exercise on tinnitus severity” might be unknown in a sedentary
population, resulting in an underestimation of the presence of
this symptom. Additionally, the survey was advertised as
investigating physical links in tinnitus. This might have
introduced some bias, as people who experienced some physical
influence on their tinnitus in the past would be extra motivated
to participate. However, the large sample already corrects largely
for this potential bias. Despite these limitations, our study was
able to identify a set of physical symptoms that are often present
in participants with tinnitus. Future studies should aim to
investigate these symptoms in a more controlled and detailed
way to draw any definitive conclusions.

Conclusions
Physical activity and movement (disorders) frequently affect
tinnitus severity. Head-neck–related symptoms are more
frequently reported in the ST group, as is the ability to modulate
the tinnitus by head or jaw movements. Additionally,
participants with ST more often report fluctuations of their
tinnitus and reaction to sleeping difficulties and low-intensity
exercise. Large prospective cohort studies are needed to confirm
these findings and to address the limitations of this study.
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Abstract

Background: Sleep disturbance is a major health concern among US veterans who have served since 2001 in a combat theater
in Iraq or Afghanistan. We report subjective and objective sleep results from a pilot trial assessing self-management–guided use
of a mobile app (CBT-i Coach, which is based on cognitive behavioral therapy for insomnia) as an intervention for insomnia in
military veterans.

Objective: The primary aim of this study was to evaluate changes in subjective and objective sleep outcomes from pre to
postintervention.

Methods: Subjective outcomes included the Insomnia Severity Index, the Pittsburgh Sleep Quality Inventory, and sleep-related
functional status. A wearable sleep monitor (WatchPAT) measured objective sleep outcomes, including sleep efficiency, percent
rapid eye movement (REM) during sleep, sleep time, and sleep apnea. A total of 38 participants were enrolled in the study, with
18 participants being withdrawn per the protocol because of moderate or severe sleep apnea and 9 others who dropped out or
withdrew. Thus, 11 participants completed the full 6-week CBT-i Coach self-management intervention (ie, completers).

Results: Completer results indicated significant changes in subjective sleep measures, including reduced reports of insomnia
(Z=–2.68, P=.007) from pre (mean 16.63, SD 5.55) to postintervention (mean 12.82, SD 3.74), improved sleep quality (Z=–2.37,
P=.02) from pre (mean 12.82, SD 4.60) to postintervention (mean 10.73, SD 3.32), and sleep-related functioning (Z=2.675,
P=.007) from pre (mean 13.86, SD 3.69) to postintervention (mean 15.379, SD 2.94). Among the objective measures, unexpectedly,

objective sleep time significantly decreased from pre to postintervention (χ2
2=7.8, P=.02). There were no significant changes in

percent REM sleep or sleep efficiency.

Conclusions: These findings suggest that the CBT-i Coach app can improve subjective sleep and that incorporating objective
sleep measures into future, larger clinical trials or clinical practice may yield important information, particularly by detecting
previously undetected sleep apnea.
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Trial Registration: ClinicalTrials.gov NCT02392000; http://clinicaltrials.gov/ct2/show/NCT02392000

(Interact J Med Res 2019;8(3):e12408)   doi:10.2196/12408
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Introduction

Chronic Insomnia in Veterans
Sleep disturbance, especially chronic insomnia (difficulty falling
and staying asleep), is a serious and prevalent problem among
US veterans who have served since 2001 in a combat theater in
Iraq and/or Afghanistan [1,2-5]. From 2000 to 2010, there was
a 7-fold increase in the diagnosis of insomnia across veterans
of all ages who were seeking care in the Veterans Health
Administration (VHA) [5], with an upward trend in rates of
insomnia and sleep apnea in military veterans continuing into
this decade [6]. Sleep difficulties rarely occur in isolation from
other physical and psychiatric concerns. For instance, insomnia
and other self-reported sleep disturbances commonly cooccur
with mental health diagnoses, such as posttraumatic stress
disorder (PTSD) and depression [1,7-9], and they also cooccur
with significant pain symptoms and other functional impairments
[10-14]. Among veterans with multiple comorbidities, such as
pain, PTSD, and traumatic brain injury, sleep disturbance rates
are even higher. In VHA polytrauma clinics, 94% of US veterans
who have served since 2001 in Iraq and/or Afghanistan report
some sleep disturbance [4,15,16]. Thus, insomnia appears to
be a prevalent problem for the most recent cohort of military
veterans.

Treating Chronic Insomnia With Cognitive Behavioral
Therapy
Cognitive behavioral therapy for insomnia (CBTI) is a
manualized therapy that uses cognitive behavioral techniques,
including reconditioning, sleep restriction, sleep hygiene
education, and relaxation skills, to help individuals manage and
reduce chronic insomnia. There is strong evidence for the
efficacy of CBTI [17], including brief interventions, such as 6
to 8 weeks of structured, weekly CBTI sessions [18,19], as well
as briefer treatments [20]. Furthermore, CBTI has been
successfully deployed in populations with comorbid health
conditions [21], such as chronic pain [22-25], PTSD [17-19,26],
and depression [27,28]. In addition, evidence from 2
uncontrolled studies of outpatient clinic patients [27] and a large
randomized trial of internet-delivered CBTI [29] suggests that
CBTI can reduce suicidal ideation, which is of paramount
importance given the public health crisis of suicide among
post-9/11 veterans [30]. Although the VHA has prioritized
training additional clinicians to use CBTI, the demand for
behavioral sleep treatments still outstrips supply [23]. In
addition, adherence to CBTI can be poor, especially among
younger, working-age veterans who face many competing life
demands, including health concerns, work, and/or school and
family needs [31,32]. Given these challenges, the use of mobile
CBTI interventions has been increasing steadily over the last
decade. Research suggests that telephone-delivered CBTI is
feasible and acceptable [32], with many veterans preferring

either individual-based or internet-delivered insomnia treatments
rather than in-person, group treatment delivery [31]. This mirrors
research in civilian populations as well, where electronically
delivered versions of CBTI have been found to improve sleep
in college students [33]. Thus, we hypothesized that use of a
mobile app to deliver CBTI elements would be well received
by veterans with chronic insomnia, given their treatment delivery
preferences and high levels of interest in and use of computers
and the internet for medical purposes [34]. A publicly available
version of a mobile app to deliver CBTI elements, CBT-i Coach,
was released in 2013 by the Veterans Affairs (VA) National
PTSD Center and the Department of Defense National Center
for Telehealth and Technology [35-37]. CBT-i Coach was based
on a CBTI manual created by VA and university sleep
researchers [38], and it includes sleep diaries, sleep health
education, sleep restriction guidelines, and tools to encourage
relaxation. Other features include reminders for bedtime/wake
time, stopping caffeine, and scheduled wind down and worry
time, with surveys to guide behavioral or environmental
changes. For more details about the app, see Kuhn et al 2016
[36].

Utilization of Subjective and Objective Sleep
Measurement for Intervention Assessments
Subjective and objective measures of sleep often provide
nonredundant data in the context of an intervention, as they
often do not correlate highly in patients with insomnia [39],
including some individuals with subjectively defined insomnia
but objectively normal sleep [40]. Subjective/objective
concordance varies as a function of health status, with lower
concordance between subjective and objective sleep duration
in those with poorer functional health, obesity, depressive
symptoms, or lower sleep efficiency [39]. Objective and
subjective sleep measures can differentially predict treatment
outcomes [41]. As subjectively measured insomnia is related
to numerous comorbid health outcomes (eg, chronic pain,
posttraumatic stress, and depression), subjective measures are
critical for measuring the impact of CBTI intervention success,
and these are frequently measured through daily sleep diaries
[42], self-report measures, such as the Pittsburgh Sleep Quality
Inventory (PSQI) [43], or the Insomnia Severity Index (ISI)
[44]). Given the difficulty younger veterans have with
committing to the time required for in-person CBTI, further
investigation of the impact of the CBT-i Coach app on subjective
sleep in veterans is warranted. Measures of sleep disturbance,
such as a reduced proportion of time spent in rapid eye
movement (REM) sleep over a night and the occurrence of sleep
apnea, have been proposed as potentially important objective
sleep problems in veterans [3,45-48]. Information about REM
abnormalities (eg, such as shorter more frequent bouts of REM
[49-51]) also may be used as an indication of the need to assess
for PTSD symptoms and/or to titrate PTSD treatments. The
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difficulty in efficiently capturing objective sleep data is a barrier
to incorporating objective data into clinical practice. On the one
hand, the costs and patient burden of laboratory-based overnight
polysomnography are prohibitive. Furthermore, wrist-worn
actigraphy devices measure sleep-wake activity, but they do
not provide sleep stage information. As objective sleep measures
in a self-management trial could have the benefit of improving
the tailoring of CBTI interventions and sleep self-management,
efforts to gather such data, using patient-friendly, well-validated
devices, are worthwhile.

This Study
This pilot study investigated the effects of a mobile insomnia
self-management intervention. Self-management of insomnia
was facilitated with the CBT-i Coach mobile app, including
suggested activities in the app over a 6-week intervention period.
Our primary aim was to assess the effectiveness of the CBT-i
Coach app. We hypothesized there would be pre to
postintervention improvements in subjective sleep outcomes
(self-reported insomnia severity, sleep quality, and functional
sleep) and objective sleep-related variables (total sleep time,
sleep efficiency, and percent time in REM sleep). We also
explored the relationship between demographic factors and
self-reported mental and physical health outcomes, and we
assessed the prevalence of positive sleep apnea screens in our
sample.

Methods

Overview
This study was approved by the Institutional Review Board of
the Edith Nourse Rogers Memorial veterans Hospital, Bedford,

Massachusetts. We report subjective and objective sleep and
functional health outcomes from a 6-week open trial pilot
intervention of self-management–based use of the CBT-i Coach
app. Owing to space restrictions, other measures of feasibility
and usability testing of the features of this study will be reported
elsewhere.

Participant Recruitment
Veterans were recruited via flyers, presentations, outreach to
local community organizations, referrals from VA behavioral
and sleep health providers, and recruitment letters. Recruitment
letters were sent to a list of potentially eligible veterans that
was generated by VA Informatics and Computing Infrastructure,
followed by a telephone call no sooner than 2 weeks later to
veterans who did not reply to the letter. Interested veterans were
screened for study eligibility by phone. To be eligible,
participants must have served since 2001 in a combat theater
in Iraq and/or Afghanistan, reported current insomnia lasting
at least 1 month, as defined by an ISI score greater than 10
[32,52], and impaired daytime functioning (as measured by
endorsing Much or Very Much on ISI Item 7 about how much
sleep problems interfere with daily functioning). Participants
were excluded if they demonstrated moderate-to-severe
cognitive impairment (defined by scores on the Telephone Mini
Mental State Exam [53]), self-reported sleep apnea, periodic
leg movements, or circadian rhythm disorder (delayed or
advanced sleep phase). Figure 1 shows participant flow through
the study.

Figure 1. Consolidated Standards of Reporting Trials diagram of participant inclusion and attrition. OCD: obsessive-compulsive disorder.
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Participant Demographics
The mean age of the sample was 44.29 years, and the mean

body mass index (BMI) was 29.0 kg/m2 (ie, in the overweight
range). Participants (32 men, 6 women) had an average baseline
ISI score of 15.42 (ie, moderate insomnia severity). Participants
could identify with multiple racial categories, with 89% (34/38)
participants identifying as white/Caucasian and 13% (5/38)
participants identifying as Hispanic. A total of 37% (14/38)

participants reported a combined average household income of
US $50,000 to US $99,000 and another 37% (14/38) participants
reported an average income over US $100,000. 94% (36/38) of
participants reported that their health in general was good, very
good, or excellent (94%). In addition, 55% (21/38) participants
of the sample were married or living with a partner. The sample
was well educated, with 61% (23/38) participants having an
Associate’s or higher degree. See Table 1 for detailed
demographic information.

Table 1. Descriptive statistics by enrollment status (N=38).

Total (N=38)Completers (n=11)Self-withdrew (n=9)Withdrawn because of apnea (n=18)Characteristic

44.29 (10.92)47.82 (10.52)44.11 (10.06)42.22 (11.58)Age (years), mean (SD)

29.00 (4.10)27.22 (3.02)27.77 (4.11)30.68 (4.49)BMIa, mean (SD)

15.42 (4.69)16.63 (5.55)14.11 (4.68)15.33 (4.19)Baseline ISIb, mean (SD)

Race, n (%)

34 (90)10 (91)9 (100)15 (83)White

2 (5)002 (11)Black/African American

2 (5)1 (9)02 (6)Puerto Rican

2 (5)1 (9)1 (11)0Filipino

1 (3)1 (9)00American Indian

2 (5)1 (9)02 (6)Other

Ethnicity, n (%)

5 (13)1 (9)1 (13)3 (17)Hispanic/Latino

33 (86)10 (91)8 (89)15 (83)Not Hispanic/Latino

Income US $, n (%)

2 (5)1 (9)1 (11)0Less than 11,999

4 (11)003 (17)12,000-24,999

4 (11)2 (18)02 (11)25,000-49,999

14 (37)4 (36)4 (44)6 (33)50,000-99,000

14 (37)4 (36)3 (33)7 (39)100,000+

aBMI: body mass index.
bISI: Insomnia Severity Index.

Description of the Intervention: Cognitive Behavioral
Therapy-i Coach, Self-Management Guidance, and
WatchPAT
The intervention comprised 6-week use of the CBT-i Coach,
with added self-management support and a set of supplemental
app-delivered worksheets to address behavioral concerns or
prompt behavioral changes. All participants were loaned an
Apple iPod Touch, on which the app was installed (iOS ver.
2.0) for the duration of the study.

Cognitive Behavioral Therapy-i Coach
CBT-i Coach offers sleep psychoeducation, tools for tracking
sleep (eg, enables and can prompt for completion of daily sleep
diaries and the ISI), and provides sleep hygiene
recommendations, including cultivating a conducive sleep
environment, engaging in regular exercise, and maintaining a
healthy diet. Relaxation tools include multiple guided imagery

audio clips, tips for winding down, breathing tools, and an
audio-guided progressive muscle relaxation. A behavioral plan
can also be reviewed and updated in CBT-i Coach, including
setting reminders for when to go to sleep and get out of bed,
complete sleep diaries and take ISI assessments, engage in
scheduled worry time, and stop caffeine intake for the day.
CBT-i Coach allows users to see graphs of their sleep diary data
and ISI scores. We also created supplemental worksheets on
the basis of the elements of the Quiet Your Mind andGet to
Sleep manual [54]. These sleep worksheets were embedded in
a separate app that participants could also access from the iPod
Touch. Supplemental worksheets included Wakeful Activities,
Coping Self-Statements, Constructive Worry, and a Relaxation
Log.

Self-Management Guide
A self-management guide, in the form of a document accessible
on the iPod Touch, along with a paper copy, provided
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week-by-week suggestions for using elements of the app and
the worksheets. For each week of the 6-week intervention, the
guide suggested what materials to read in the app, which features
of the app to use, such as completing a daily sleep diary each
morning, and which worksheets to complete.

WatchPAT Sleep Monitor
Objective sleep was recorded with a WatchPAT (model
WP200U) sleep monitor (Itamar Medical Inc). The WatchPAT
sleep monitor is a Food and Drug Administration–approved
device that assesses objective sleep parameters, including a
screen for obstructive sleep apnea. The WatchPAT is worn like
a simple wristwatch with a plethysmographic-based
finger-mounted probe and a small sensor on the chest to measure
snoring. It is less obtrusive and less disruptive of sleep than
either in-lab sleep assessments or in-home polysomnography.
Moreover, the participant can use the device himself/herself,
with simple instructions, which were provided via video on the
iPod Touch and a laminated pamphlet.

Measures

Demographics
Participants reported their age, gender, marital/partnered
relationship status, race and ethnicity, and highest education
level achieved. Height and weight were measured at the first
visit.

Primary Outcomes

Subjective Sleep Measures

Self-reports of insomnia, sleep quality, and functional outcomes
because of sleep were measured at baseline and final assessment
visits using the ISI, the PSQI, and the Functional Outcomes of
Sleep Questionnaire-10 item (FOSQ-10). The ISI has been
shown to be sensitive to changes in insomnia severity with CBTI
interventions [19,52,55], possible scores ranged from 0 to 28,
with a higher score indicating more severe insomnia. The PSQI,
a global measure of perceived sleep quality, has also been
extensively validated and shown to be sensitive to change after
CBTI [19,32]. Scores on the PSQI can range from 0 to 21, with
a higher score indicating worse sleep quality. In the current
sample, Cronbach alphas were acceptable (ISI=.83; PSQI=.75).
The FOSQ-10 [56], a brief version of the original 30-item FOSQ
[57], was used to assess the impact of sleepiness on functioning
in everyday activities (Cronbach alpha=.89). Possible scores
ranged from 5 to 20, with higher scores indicating better
functional status.

Objective Sleep Measures

Objective sleep was measured via the WatchPAT and included
total sleep time, total and percent time spent in light, deep, and
REM sleep stages, apnea-hypopnea index (AHI), respiratory
disturbance index (RDI), and number of awakenings. The
WatchPAT is an FDA-approved portable diagnostic device that
assesses sleep stages and detects probable sleep apnea with
well-established validity in comparison to
polysomnography-based measures of sleep apnea (eg, AHI and
RDI; [58-65]). The WatchPAT calculates the proportion of
REM sleep using a genetic algorithm (ie, a machine learning
technique) to determine REM sleep onset and offset. The

WatchPAT’s REM stage determination has also been validated
against traditional polysomnography [66], as have its estimates
of the duration of episodes of light versus deep sleep [67].
Participants were asked to wear the WatchPAT on their
nondominant hand. Given the well-known “first night effect”
in which sleep can be negatively impacted by sleep monitoring
[68], especially in those with insomnia [69], participants
recorded 2 nights of sleep at the beginning of the study, followed
by 1 additional night at the end of the intervention, totaling 3
nights of objective sleep data.

Secondary Outcomes
Self-reported mental health and pain outcomes were measured
at pre, mid, and postintervention visits. Mental health measures
included assessments of nonspecific physical symptoms with
the Patient Health Questionnaire-15 (PHQ-15) [70], depressive
symptoms with the PHQ-9 [71], and PTSD symptoms with the
PTSD Checklist (PCL-5) [63,72,73]. Each of these measures
demonstrated good internal consistency (PHQ-15 alpha=.85,
PHQ-9 alpha=.89, and PCL-5 alpha=.96). Pain severity was
assessed using a 3-item subscale from the West Haven-Yale
Multidimensional Pain Inventory (WHYMPI) [74], and
pain-related functional health was measured using the Pain
Disability Index (PDI) [75,76]. Both the WHYMPI and PDI
demonstrated good internal consistency, with Cronbach alphas
of .92 and .94, respectively.

Procedure
At the first visit, participants completed the self-report
questionnaires. They were given a printed version of the
self-management guide, they were shown how to use it, and
they were shown where to find an electronic copy on the iPod
Touch, which they were given to use during the study. The
researcher demonstrated use of the iPod Touch, CBT-i Coach,
and the worksheet app and answered any questions. Participants
were guided through setting a reminder to complete a weekly
ISI assessment, and then they were guided through completing
the first sleep diary and ISI on the CBT-i Coach. Participants
were shown the WatchPAT, and they viewed a 4-min video on
the iPod Touch that demonstrated how to set up and use the
WatchPAT, including where and how to attach the sensors. The
WatchPAT pamphlet also contained instructions and technical
support information. Participants were instructed to complete
daily sleep diaries and the activities in the self-management
guide and to return with both devices for the second visit within
the next week. During the second visit, the researcher
downloaded the data from the WatchPAT and printed the
associated sleep report. Those with an AHI score greater than
15 (indicative of probable moderate-to-severe sleep apnea) were
excluded from further participation, and results were provided
to their primary care provider for further assessment and clinical
management. The report, which included the AHI score, total
sleep times, and percentage of time in REM sleep, was reviewed
with the participant by the researcher. Participants who were
not excluded were asked to complete another night of
WatchPAT monitoring within the coming week and then mail
the device back to the investigators using a prepaid stamped
envelope. The AHI score was again used to determine whether
significant sleep apnea was likely (ie, a positive screen at the
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moderate or greater range), and, if so, the participant was
withdrawn from the intervention and referred for further testing.
At the midpoint of the intervention (about week 3-4),
participants completed questionnaires with a researcher by phone
and were scheduled for their postintervention visit (about week
6-7) and mailed a Watch PAT device. At the third and final
in-person visit (ie, postintervention), participants returned both
devices, completed final self-report questionnaires and a
qualitative interview, and received their final WatchPAT report.
WatchPAT reports were also shared with the participant’s
primary care provider. Participants received US $15 each for
the baseline, first WatchPAT, and midpoint visits, and they
received US $40 at the completion of the postintervention visit,
for a possible total of US $70 for completion of the entire study.
Use of the CBT-i Coach app, specifically input of nightly sleep
diaries, was high, with 9 of the 11 participants using the sleep
diary portion of the app 85% of the time.

Data Analysis
To address our primary aim, we evaluated whether subjective
sleep outcome variables (ISI, PSQI, and FOSQ) changed from
pre to postintervention, using Wilcoxon signed rank tests
(nonparametric paired 2-tailed t tests). In addition, using
repeated measures analysis of variance, we evaluated whether
objective sleep outcome variables recorded from the
WatchPAT—sleep time, REM percent of total sleep time, and
sleep efficiency (ie, percent of total time in bed spent asleep vs
awake)—changed across the 3 nights (2 nights early in the
intervention and 1 at intervention end). Furthermore, using
bivariate correlations, we explored the relationship among

mental health symptom measures (ie, PHQ-15, PHQ-9, and
PCL-5), pain severity (subscale from the WHYMPI), and
subjective sleep outcomes for the entire enrolled sample (N=38).
Finally, we used a chi-square test of independence to conduct
exploratory analyses of sleep apnea status with demographic
and mental health–related correlates of sleep apnea severity (ie,
AHI in the mild, moderate, or severe range).

Results

Subjective Sleep Outcomes
Wilcoxon signed rank tests were used to compare the average
scores for subjective sleep measures between pre- and posttest.
Participants (n=11) showed a significant decrease in ISI scores
(Z=–2.68, P=.007) from pre (median=15.00) to postintervention
(median=13.00); a total of 9 participants noticed a reduction in
reported insomnia severity over the 6-week intervention, and 2
participants reported no changes. Similarly, there was a
significant decrease in PSQI scores (Z=–2.37, P=.02) from pre
(median=12.50) to postintervention (median=12.00); a total of
8 participants noticed an improvement in sleep quality, 2
participants noticed their sleep being worse, and 1 participant
reported no difference. Finally, there was a significant increase
in FOSQ scores (Z=2.675, P=.007) from pre (median=14.33)
to postintervention (median=16.33), with 9 participants reporting
better functional outcomes at the end of the intervention that
they attributed to better sleep, and 2 participants reporting no
changes in functioning (see Table 2 for group descriptive
statistics).

Table 2. Primary subjective sleep outcome measures at pre-, mid-, and postintervention.

PostinterventionMidinterventionPreinterventionOutcome

MedianMean (SD)MedianMean (SD)MedianMean (SD)

13.0012.82 (3.74)12.5012.17 (4.39)15.0016.63 (5.55)ISIa

12.0010.73 (3.32)9.0010.50 (2.65)12.5012.82 (4.60)PSQIb

16.3315.379 (2.94)15.2515.26 (3.61)14.3313.86 (3.69)FOSQc

aISI: Insomnia Severity Index.
bPSQI: Pittsburgh Sleep Quality Index.
cFOSQ: Functional Outcomes of Sleep Questionnaire.

Objective Sleep Outcomes
Friedman tests (nonparametric repeated measures) were also
used to compare total sleep time recorded across 3 nights of
objective sleep measurement provided by the WatchPAT, which
revealed a statistically significant difference in total sleep time

across the 3 monitored nights (χ2
2,11=7.8; P=.02). Post hoc tests

with Bonferroni correction revealed that there was a significant
decrease in total sleep time (P=.004) from the first sleep session

(median= 6 hours 53 min) to the second sleep session (median=5
hours 52 min) and from the first sleep session (P=.02, median=6
hours 53 min) to the third sleep session (median=6 hours 35
min). There was no statistically significant difference from the
second to the third sleep sessions. There was also no significant
effect of sleep session for the other objective sleep measures,

including the percent REM sleep (χ2
2,11=2.5; P=.29) or sleep

efficiency, (χ2
2,11=0.1; P=.91; see Table 3).

Interact J Med Res 2019 | vol. 8 | iss. 3 | e12408 | p.15http://www.i-jmr.org/2019/3/e12408/
(page number not for citation purposes)

Reilly et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

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


Table 3. Primary outcomes of objective sleep measures at sleep sessions.

Third sleep sessionSecond sleep sessionFirst sleep sessionOutcome

MedianMean (SD)MedianMean (SD)MedianMean (SD)

6.356.03 (1.71)5.525.65 (1.45)6.536.93 (1.39)Sleep time, hours

26.923.62 (7.06)27.926.72 (6.94)22.523.36 (7.67)REMa (%)

87.1286.15 (8.43)86.6285.93 (6.69)87.2485.65 (6.02)Sleep efficiency (%)

aREM: rapid eye movement.

Relationship of Sleep to Mental Health and Pain
Outcomes
Table 4 shows the bivariate correlations among mental health
measures, pain severity, and subjective sleep outcomes, and
Table 5 details descriptive statistics from baseline, midpoint
assessment, and postintervention.

Higher scores on the ISI (ie, greater insomnia symptoms) were
significantly and positively correlated with higher scores on the
PHQ-15 (ie, greater nonspecific physical symptoms), PHQ-9
(ie, greater depressive symptoms), PCL-5 (ie, greater
posttraumatic stress symptoms), and WHYMPI subscale (ie,
greater pain severity). Higher scores on the FOSQ (ie, better
functioning attributed to sleep) were significantly negatively
correlated with nonspecific physical symptoms, depressive

symptoms, posttraumatic symptoms, and pain severity (PHQ-15,
PHQ-9, PCL-5, and WHYMPI subscale, respectively). In
addition, higher scores on the PSQI (ie, poorer sleep quality)
were significantly positively correlated with higher scores on
the PHQ-15 (ie, greater nonspecific physical symptoms), PHQ-9
(ie, depressive symptoms), PCL-5 (ie, posttraumatic stress
symptoms), and WHYMPI subscale (ie, pain severity). Finally,
there were significant positive correlations between scores on
the ISI and PSQI, and there were negative correlations of both
measures with the FOSQ. Nonparametric Wilcoxon signed rank
tests were run to assess changes between pre- and midpoint of
the intervention (n=11) for the PHQ-9 (P=.23), PHQ-15 (P>.99),
WHYMPI subscale (P=.55), and PDI (P=.28), as well as pre-
and postintervention for the PCL-5 (P=.45), PHQ-9 (P=.12),
PHQ-15 (P=.67), WHYMPI subscale (P=.53), and PDI (P=.18),
with all changes nonsignificant.

Table 4. Correlation between subjective sleep and mental health measures (N=38).

7654321Outcome

———————bISIa

——————–0.60dFOSQc

—————–0.39f0.55dPSQIe

————0.47d–0.69d0.55dPCL-5g

———0.49d0.38f–0.36f0.41fWHYMPIh

——.64d0.63d0.49d–0.51d0.55dPHQ-15i

—0.55d.33f0.79d0.43d–0.72d0.48dPHQ-9j

8.82 (5.79)8.61 (5.13)5.53 (4.93)22.45 (17.11)12.05 (4.24)13.9 (3.31)15.42 (4.69)Mean (SD)

1-272-190-143-613-197-207-26Range

aISI: Insomnia Severity Index.
bCorrelation not applicable or redundant.
cFOSQ: Functional Outcomes of Sleep Questionnaire.
dP<.01.
ePSQI: Pittsburgh Sleep Quality Index.
fP<.05.
gPCL-5: Posttraumatic Stress Disorder checklist for Diagnostic and Statistical Manual of Mental Disorders-5.
hWHYMPI: West Haven-Yale Multidimensional Pain Inventory.
iPHQ-15: Patient Health Questionnaire-15.
jPHQ-9: Patient Health Questionnaire-9.
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Table 5. Secondary outcome measures at pre-, mid-, and postintervention for completers (n=11).

PostinterventionMidinterventionPreinterventionOutcome

MedianMean (SD)MedianMean (SD)MedianMean (SD)

11.0015.18 (11.50)—b—b14.0018.45 (16.03)PCL-5a

6.006.18 (3.79)4.006.58 (4.96)7.007.64 (3.98)PHQ-9c

6.007.64 (4.61)5.507.33 (5.40)6.007.91 (5.43)PHQ-15d

6.006.36 (4.48)9.006.92 (5.30)7.006.73 (4.54)WHYMPIe

15.0015.45 (13.56)11.5016.33 (15.55)21.0022.18 (17.93)PDIf

aPCL-5: PTSD Checklist for DSM-5 (not administered midintervention).
bMeasure not collected midintervention.
cPHQ-9: Patient Health Questionnaire-9.
dPHQ-15: Patient Health Questionnaire-15.
eWHYMPI: West Haven-Yale Multidimensional Pain Inventory.
fPDI: Pain Disability Index.

Sleep Apnea Rates and Correlates
First or second night WatchPAT data revealed that 54.6%
(18/33) of participants had possible moderate-to-severe apnea
(ie, AHI score>15). These participants were withdrawn from
further participation and were provided with a referral for further
apnea testing. Of these participants, 89% (16/18) were male,

50% (9/18) had a BMI in the overweight (BMI=25-29 kg/m2,
per the World Health Organization) and 39% (7/18) had a BMI

in the obese (BMI>30 kg/m2) range. The mean age was 42.22
years (SD 11.58). More detailed demographic comparisons by
enrollment status can be seen in Table 1. There were no
significant relationships between having moderate-to-severe

apnea and gender, χ2
2=1.3, P=.25; BMI category, χ2

2=3.9,

P=.14; or age category, χ2
2=0.2, P=.89; although greater BMI

was significantly positively correlated with having a higher
first-night AHI score, r=.39, P=.02. The number of female
participants was small, likely meaning that the gender
comparison was underpowered. Chi-square tests revealed that
those with moderate or severe apnea were not more likely to

have depressive symptoms, χ2
1=0.7, P=.68, or posttraumatic

symptoms, χ2
1 =1.0, P=.31, than those with no or mild apnea.

There was a marginal difference in nonspecific physical
symptoms, such that those with moderate or severe apnea
reported marginally more nonspecific physical symptoms,

χ2
1=3.3, P=.07. Finally, a chi-square test of independence was

performed to examine the relationship between
moderate-to-severe apnea and pain measures, which revealed

no significant relationships—pain severity, χ2
1=1.8, P=.67;

PDI, χ2
1=0.9, P=.81; and sleep-related functioning via the

FOSQ, χ2
1=0.5, P=.46.

Discussion

Principal Findings
We conducted a study of a CBTI mobile app (CBT-i Coach),
with supplemental self-management guided use of worksheets

in veterans reporting chronic insomnia and assessed changes in
subjective and objective sleep measures. Veterans who
completed the 6-week mobile sleep intervention reported
improvements in insomnia severity, sleep quality, and
sleep-related functional outcomes. No changes in objective sleep
measures were observed, except that time asleep decreased,
even though subjective sleep was rated as better. Improvements
in subjective sleep were found on 3 common subjective sleep
assessments, the ISI, PSQI, and the FOSQ. In the context of
clinical guidelines, the ISI decreased from a score indicative of
moderate clinical insomnia severity at pretest (≥15) to a score
below the subthreshold level of insomnia at posttest (scores
8-14) [52]. A score on the PSQI of 5 or greater has been
suggested as indicative of poor sleep quality, and it often
prompts recommendation of further follow-up with a health
care provider [43]. The PSQI did not decrease below the
suggested cutoff score of 5, although it did significantly
decrease. In addition, functional sleep outcomes, as measured
by the FOSQ, significantly improved as well. The findings of
this small pilot study support the possibility that veterans can
use these technology-based tools to self-manage their chronic
insomnia and experience improved sleep quality and
functioning, with minimal clinical resources. Although
subjective sleep measures improved in completers, objective
sleep measures did not significantly improve at the end of the
intervention. In fact, contrary to our hypothesis, total sleep time
decreased significantly from the first night to subsequent nights
(both early in the intervention and postintervention). This
decrease in sleep time may be related to when the participants
chose to wear the WatchPAT. Individuals typically completed
their first night’s sleep on the same day as their first lab visit or
on a weekend to allow more time for sleep, suggesting the
possibility that they completed their first night of sleep
monitoring on a day when sleep time could be more easily
extended; thus, it was perhaps atypical of their usual daily sleep
schedule. Interestingly, there was no difference from the second
to the third sleep sessions in total sleep time. It is possible that
the first night was unusual for participants. As it was their first
assessment with the WatchPAT, patients may have made more
of a concerted effort during the first sleep session to sleep
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longer, to obtain a valid sleep assessment. Future research would
benefit from several objective assessments to get a more accurate
assessment of sleep time and possible first-night effects when
using at-home sleep monitors.

Identifying Sleep Apnea Through At-Home Wearable
Devices
The WatchPAT findings also revealed a relatively high
prevalence of sleep apnea in this largely middle-aged, male
sample of veterans. Moderate-to-severe sleep apnea was not
predicted by psychological or health-related factors, except for
higher BMIs being associated with high apnea scores, as
assessed by AHI scores, consistent with previous studies
[77-79]. More than 54% of the sample that completed at least
one WatchPAT measurement showed probable
moderate-to-severe sleep apnea. This was unexpectedly high
as compared with epidemiologically based community samples
indicating approximately 5% rates in the general population
[80].

Our rate is high even when compared with other veteran
samples, including a veteran epidemiological sample of those
seeking health care in the VA, with a sleep apnea diagnosis rate
of 4.5% [5] or an intervention sample where 38.5% of the
sample screened positive for self-reported sleep apnea symptoms
[19]. Apnea rates appear to have increased as prior veteran
administrative data sources revealed a prevalence of diagnosed
sleep apnea of only about 3.5% [48,81]. Thus, our prevalence
rate for sleep apnea is considerably higher than expected,
although the sample is small and self-selected; thus, the rate
may not be representative of the larger population. Increasing
age of the current veteran population may partially explain this
increase, although Alexander et al [5] report an age-adjusted
increase in apnea rates of 3.7% from 2000 to 2010. The higher
prevalence rate for this study may also be because of apnea
detection using a well-validated home sleep monitoring device
rather than using self-reported sleep apnea symptoms or
self-reported diagnoses, which is likely to lead to an
underestimation of apnea in the population. Overall, these
findings suggest that use of an at-home, nonobtrusive, wearable
sleep device to screen for sleep apnea is not only practical,
efficient, and effective but it also could be used to identify
otherwise occult, and therefore untreated, sleep apnea.

Future Application of Mobile-App Supported Sleep
Self-Management in the Veterans Affairs
The VA has undertaken a whole health approach to help
providers focus on what matters most to their patients, and sleep
is one of the main health behaviors included in these discussions.
The VA is committed to the development of mobile apps to
support patients with a broad range of health conditions. To
further this goal, our findings suggest that use of a home sleep
monitor in veterans with insomnia may also assist clinicians in
detecting unrecognized cases of sleep apnea and, as a result,
lead to better apnea detection and more appropriate treatment
of sleep disturbance. Utilizing these technologies also may help
veteran patients feel empowered to improve their sleep health,
potentially become more engaged in managing their own health
conditions and more invested in making positive health behavior
changes. It will be useful for future studies to determine how

behavioral and sleep health clinicians in the VA (and elsewhere)
can better incorporate these technologies into their work with
patients.

Limitations and Future Directions
Limitations of this pilot study include the small sample of
intervention completers, the lack of a control group, the
night-to-night variability in objective sleep measurement, the
lack of follow-up data to see if the improvements in subjective
sleep lasted after the intervention ended, the potential influence
of social desirability, and the multicomponent nature of the
intervention. The participants who withdrew of their own accord
or discontinued in the study cited difficulties with continuing,
including family and employment factors. This may have led
to self-selection biases in the completer sample, as those
individuals who completed the intervention may have been
more likely to use mobile apps for health-related concerns
relative to those who dropped out of the study. Among those
participants who were not excluded because of sleep apnea
(N=15), 73% (11/15) participants completed the intervention.
Future research on the use of mobile sleep apps and at-home
sleep monitors will need to consider participant factors that may
lead to attrition. The small completer sample size may have
impacted the effect sizes of the subjective and objective sleep
findings; small sample sizes can drastically affect the ability to
detect statistical power and reduce the likelihood that a
statistically significant difference reflects a reproducible
difference by overestimating effect size [82]. Consequently, the
results here must be replicated in a larger sample before strong
inferences can be made. Finally, future studies will need to
utilize a control group to ensure that changes are because of the
intervention effects and not because of potential demand
characteristics or other nonspecific changes with the passage
of time. We are currently conducting a randomized controlled
2-arm (experimental and control arms) study. Another limitation
of this study includes the use of self-reported outcomes, which
could have been influenced by social desirability. However,
these well-validated measures were self-administered, which
has been documented to reduce the effect of social desirability
[83]. Finally, without a multiarm randomized controlled trial,
the combined use of the CBT-i Coach app, self-management
guide, and WatchPAT makes it impossible to attribute any
changes in sleep measurements to the CBT-i Coach app itself.
Other technologies may have emphasized the importance of
paying attention to sleep patterns. Such feedback and symptom
monitoring are critical components of CBTI, which likely
enhanced the intervention [36].

Conclusions
This study contributes to growing literature on the efficacy of
cognitive behavioral therapy–based approaches in the treatment
of insomnia, suggesting that less resource-intensive treatment
modalities, such as self-management–based mobile apps, can
provide clinically useful tools in the management of insomnia
in some patients. Furthermore, these findings align well with
the call to treat sleep disturbance in veterans and minimize
work-related sleep disruptions in veteran active-duty military
personnel, alongside greater acknowledgment of the importance
of sleep by the military [84]. The prevalence of previously
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undetected sleep apnea uncovered by our approach to assessment
was striking, and it merits further investigation. Integrating
mobile sleep apps and wearable devices constitutes a promising

area for helping veterans manage their health needs, and it merits
future research to inform best practices for integrating these
self-management options into clinical care throughout the VA.
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Abbreviations
AHI: apnea-hypopnea index
BMI: body mass index
CBTI: cognitive behavioral therapy for insomnia
FOSQ-10: Functional Outcomes of Sleep Questionnaire-10 item
ISI: Insomnia Severity Index
PCL-5: PTSD Checklist
PDI: Pain Disability Index
PHQ-9: Patient Health Questionnaire-9
PHQ-15: Patient Health Questionnaire-15
PSQI: Pittsburgh Sleep Quality Inventory
PTSD: posttraumatic stress disorder
RDI: respiratory disturbance index
REM: rapid eye movement
VA: Veterans Affairs
VHA: Veterans Health Administration
WHYMPI: West Haven-Yale Multidimensional Pain Inventory
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Abstract

Background: Regular physical activity (PA), adequate gestational weight gain (GWG), and healthy eating are important for
the long-term health of both mother and baby. Hence, it is important that women receive current and updated advice on these
topics and are encouraged to adopt a healthy lifestyle during pregnancy.

Objective: The aim of this study was to investigate the main information sources among pregnant women regarding PA, GWG,
and nutrition as well as to evaluate how these information sources may affect their health behaviors.

Methods: A cross-sectional study design, comprising an electronic questionnaire, was distributed to 2 antenatal clinics, as well
as pregnancy-related online chat forums and social media. The inclusion criteria were ≥18 years, ≥20 weeks gestation, and able
to read and write Norwegian. In total, 150 pregnant women answered the questionnaire, which was a mix of 11-point Likert
scales, close-ended questions, and semi–close-ended questions with the option to elaborate. The relationship between information
sources and selected variables, including health behaviors and descriptive variables, were assessed by logistic regression, linear
regression, or chi-square as appropriate (P<.05).

Results: Mean age (years), gestation week, and prepregnancy body mass index (kg/m2) were 31.1 (SD 4.3), 30.6 (SD 5.9), and
24.2 (SD 4.2), respectively. More than eight out of 10 had received or retrieved information about nutrition (88.7%, 133/150)
and PA (80.7%, 121/150), whereas 54.0% (81/150) reported information on GWG. When combining all 3 lifestyle factors, 38.5%
had retrieved information from blogs and online forums and 26.6%, from their midwife or family physician. Women who reported
the internet and media as their primary source of information on weight gain had increased odds of gaining weight below the
Institute of Medicine (IOM) guidelines compared with gaining within the guidelines (odds ratio [OR] 15.5, 95% CI 1.4-167.4;
P=.02). Higher compliance with nutritional guidelines was seen among those who cited the internet and media as their main
source of information on nutrition (beta=.7, 95% CI 0.07-1.3; P=.03). On the other side, receiving advice from friends and family
on weight gain was significantly associated with gaining weight above the IOM guidelines compared with gaining within the
guidelines (OR 12.0, 95% CI 1.3-111.7; P=.03). No other associations were found between information sources and health
behaviors.

Conclusions: The small number of health professionals giving information and the extensive use of internet- and media-based
sources emphasize the need to address the quality of internet advice and guide women toward trustworthy sources of information
during pregnancy. The association between information sources and PA, GWG, and nutrition requires further research.

(Interact J Med Res 2019;8(3):e10355)   doi:10.2196/10355
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Introduction

Regular physical activity (PA), adequate gestational weight
gain (GWG), and healthy eating may lower the incidence and
severity of serious conditions associated with pregnancy,
including gestational diabetes mellitus [1-3], pregnancy-induced
hypertension [2], preterm birth [4], macrosomia [1,4], and small
for gestational age infants [4,5]. In addition, daily exercise for
the pelvic floor muscles may prevent and treat urinary
incontinence [6]. Hence, it is important that women receive
current and updated advice on these topics and are encouraged
to adopt a healthy lifestyle during pregnancy [7].

Research show that pregnant women retrieve health information
from a variety of sources, including the internet, books, family
and friends, parenting magazines, blogs, online forums and
health professionals [8-10]. Of these, the internet and media
and health professionals are often cited as the most helpful and
informative sources of information [8,10]. On the contrary, a
meta-analysis showed that health websites often lacked accuracy
and that it was difficult to find high quality sites [11]. Others
have found that pregnant women may perceive advice from
family physicians and midwives confusing, vague, contradictory,
and frequently changing [9,12-14]. In addition, research shows
that most health care providers, regardless of medical training,
lack knowledge and awareness of the American College of
Obstetricians and Gynecologists [7] PA guidelines [13,15] and
the Institute of Medicine (IOM) [16] GWG guidelines
[15,17,18]. Furthermore, the majority of pregnant women being
counselled about weight gain report that the advice is generally
discordant with the guidelines [8,13,19,20].

In previous studies investigating pregnant women’s information
sources on PA, GWG, and/or nutrition [8-10,13,14,19,21-27],
the population sizes were generally small (N=17-60)
[9,13,14,21,23,26] and information sources were rarely the main
outcome [9,13,19,22-26]. In addition, studies of moderate
methodological quality and sufficient population sizes
(N=350-368) have recruited women in the postpartum period,
limiting the results to the women’s memory [10,27], or halfway
through pregnancy (mean 20.8 weeks) [8]. Hence, there is
limited evidence investigating pregnant women’s information
sources regarding PA, GWG, and nutrition at late gestation. To
our knowledge, this study is also the first to evaluate how
different information sources may influence PA, GWG, and
nutritional habits among pregnant women. Thus, the aim of this
study was to investigate the main information sources among
pregnant women in Scandinavia with regard to PA, GWG, and
nutrition and evaluate how these information sources may affect
their health behaviors.

Methods

Study Design
The present project was a cross-sectional study conducted in
Oslo, Norway, from February to August 2016. Pregnant women
were asked to fill an electronic questionnaire investigating their
health behaviors, as well as information sources with regard to
PA, GWG, and nutrition. The study was reviewed by the
Regional Committee for Medical and Health Research Ethics
(REK 2015/1941 A), who concluded that, according to the act
on medical and health research (the Health Research Act 2008),
the study did not require full review by REK. The study was
approved by the Norwegian Social Science Data Service (NSD
45111).

Participants
Enrolment was limited to women living in Oslo, ≥18 years, ≥20
weeks gestation, and being able to read and write Norwegian.

Procedures
To ensure a representative sample with regard to different
ethnicities, age groups, and socioeconomic backgrounds, all
antenatal clinics in Oslo (n=18), both urban and rural, were
invited to participate. However, due to ongoing research projects
only 2 agreed to distribute questionnaires to their pregnant
patients. Hence, we needed to recruit participants from other
arenas. We chose to spread the link to the online survey through
advertisements on Facebook and Instagram, as well as through
various pregnancy-related online chat forums and the university
website. The advertisement on Facebook and Instagram was
not limited to pregnant women but targeted women living in
Oslo. The internet-based questionnaire was active between June
1 and August 15, 2016.

Outcome Measures
The survey items used to answer our research questions were
derived from a multidimensional survey that assessed pregnant
women’s information sources, PA level, nutritional habits, and
GWG. The survey also investigated social support, motives,
and barriers for being physically active, as well as pregnancy
complaints and quality of life. The multidimensional electronic
survey contained 101 questions and was developed using
existing and validated questions [28-30], as well as some newly
developed questions suitable to the purpose of this study. The
current analysis focused on pregnant women’s information
sources and their lifestyle behaviors. Questions were a mix of
11-point Likert scales, close-ended questions, and
semi–close-ended questions with the option to elaborate. The
questionnaire was piloted for comprehensibility of questions
and answer options among 23 pregnant women and was revised
accordingly. Below are the questions used to answer this study’s
research questions (Table 1). A full questionnaire list in
Norwegian may be provided upon request.
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Table 1. Dimensions assessed and main variables and questions used to answer the research questions.

ReferenceMain variables and questions usedDimensions assessed

Developed for this projectAge, gestation week, parity, marital status, place of residence, country of
birth, educational level, occupation, and number of antenatal consultations.

Sociodemographic characteristics

Developed for this projectParticipants were asked to state their height, pre-pregnancy weight, and

current GWG.b Also, women were asked whether they were familiar with

the IOMc GWG table.

Anthropometry and knowledge of

GWGa guidelines

Based on the American College of
Obstetricians and Gynecologists
recommendations [7]

Assessed using the question: The health authorities recommend all pregnant
women to perform moderate-intensity aerobic physical activity (activities
that take moderate physical effort and make you breathe somewhat harder
than normal, such as brisk walking, housework etc) for a minimum of 30
minutes five days a week. With this in mind, would you characterize
yourself as physically active a) prepregnancy and b) in your current gesta-
tion week? Response options: “Yes”, “No” or “I don’t know”.

Physical activity

Sagedal et al [28]Assessed using the question: “The Norwegian directorate of health recom-
mend a balanced and varied diet, comprised of whole grain products,
vegetables, fruits and berries, lean dairy products, fish, legumes and nuts,
while also limiting the amount of processed meats, red meat and foods
high in saturated fat, sugar and salt [31]. With this in mind, how would
you characterize your diet in your current gestation week?” The participants
rated their diet on a scale from 0-10, where 0 represented “Very poor” and
10 represented “Very good”.

Compliance with nutritional guide-
lines

Developed for this projectAssessed using the questions: “From where did you receive/retrieve infor-
mation on PA/GWG/nutrition?” and: “Which of the information sources
had the greatest impact on your PA/GWG/nutrition?” Response options
(participants were able to choose more than one information source):
“Midwife”, “Family physician”, “Blogs and Internet forums”, “Parenting
magazines”, “Books and information pamphlets”, “Family and friends”,
“I have not received/retrieved information/advice” and “Other”.

Information sources on

PAd/GWG/nutrition

Developed for this projectAssessed using the question: “Have you received any of the following
advice on PA?” Response options: “Maintain the same level of PA as
prepregnancy”, “Increase PA/exercise”, “Reduce PA/exercise”, “Avoid
PA/exercise” and “Other”.

Advice on PA

Developed for this projectAssessed using the question: “How much (in kg) have the information
sources indicated that your total GWG should be?”

Advice on GWG

aGWG: gestational weight gain.
bPrepregnancy height and weight were used to calculate prepregnancy body mass index (BMI). BMI categories and gestational weight gain ranges were
consistent with the World Health Organization’s guidelines [32] and the guidelines from the IOM [16].
cIOM: Institute of Medicine.
dPA: physical activity.

Statistical Analyses
All statistical analyses were performed using IBM SPSS
Statistical Software version 21.0 for Windows. Background
variables and information sources are presented as frequencies,
percentages, or means with standard deviation.

For the purpose of analysis, we divided the participants into 3
groups based on the information source perceived to mostly
impact maternal health behavior:

1. Internet and media (including blogs and online forums,
parenting magazines and books, and information
pamphlets).

2. Health professionals (including midwives and family
physicians).

3. Friends and family.

Whether a woman had gained weight below, within, or above
the GWG guidelines was calculated using mean recommended

weight gain in the first trimester (1.5 kg), adding the mean
recommended number of grams per week multiplied by the
number of weeks the woman was pregnant above the first
trimester [16]. Good nutritional habits and compliance with
nutritional guidelines was defined as a score ≥7 on an 11-point
scale. The relationship between information sources and selected
variables, including health behaviors and sociodemographic
variables, was assessed by logistic regression, linear regression,
or chi-square as appropriate. The level of statistical significance
was set at P<.05.

Results

Participant characteristics are shown in Table 2. Responses were
received from 275 pregnant women, 244 of whom were recruited
through social media and 31, recruited through antenatal clinics.
The analysis included only the results from the 150 participants
who fully completed the questionnaire and provided data on
information sources and health behaviors. The participants were

Interact J Med Res 2019 | vol. 8 | iss. 3 | e10355 | p.26https://www.i-jmr.org/2019/3/e10355/
(page number not for citation purposes)

Dalhaug & HaakstadINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

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


residents in both urban and rural parts of Oslo. The age ranged
from 19 to 45 years with a mean of 31.1 (SD 4.3) years. The
mean gestation week was 30.6 (SD 5.9) and mean prepregnancy

body mass index (BMI) was 24.2 (SD 4.2) kg/m2. The mean
number of antenatal consultations was 5.2 (SD 2.7; range 1-15).

Almost 90% of women reported that they were physically active
for a minimum of 150 min of moderate intensity each week
before pregnancy. This number decreased to less than 50% in
the current gestation week (Table 2).

As shown in Table 3, nearly 65% of the women had gained
weight outside the GWG guidelines. About half the participants
(48.9%) had knowledge of the IOM table for recommended
weight gain (Table 3). Binary logistic regression analyses
revealed that weight gain was not significantly associated with

knowledge of GWG guidelines (Table 4). The odds of gaining
weight within recommended levels were not significantly
different among participants knowing and not knowing about
the guidelines (Table 4). Furthermore, the odds of knowing the
GWG guidelines did not differ among those gaining weight
below or above the recommended level as compared with those
gaining within the recommended levels (Table 4). The low
number of participants within the different categories limited
adjustments of the statistical models. Nevertheless, the results
in Table 4 did not change to any appreciable extent when we
adjusted for parity, education level, and prepregnancy BMI
(data not shown).

Perceived good nutritional habits and compliance with the
nutritional guidelines was reported by 65.3% (98/150) of the
women.

Table 2. Participant characteristics (N=150).

Value, n (%)Characteristics

Parity

91 (60.7)Primiparous

59 (39.3)Multiparous

Marital status

147 (98.0)Married or living together

3 (2.0)Other

Country of birth

130 (86.7)Norway

20 (13.3)Other

Education

54 (36.0)<4 years college or university

96 (64.0)≥4 years college or university

Employment status

144 (96.0)Employed or student

6 (4.0)Not employed

Physically active

132 (88.0)Prepregnancy

73 (48.7)During pregnancy

Prepregnancy body mass index category

2 (1.3)Underweight

102 (68.4)Normal weight

28 (18.7)Overweight

17 (11.4)Obese

Prenatal care provider

25 (16.7)Family physician

43 (28.7)Midwife

75 (50.0)Shared carea

7 (4.7)Other

aAntenatal care shared between midwife and family physician.
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Table 3. Women gaining within, below, or above the Institute of Medicine (IOM) recommendations (n=139). Data are presented in frequency (n),
percentage (%), mean (SD) kg below and above recommendations and knowledge of IOM guidelines.

Knowledge of IOMa guidelines, n (%)mean (SD)n (%)Variable

27 (19.4)—b51 (36.7)Within recommendations

14 (10.0)−2.6 (2.2)37 (26.7)Below recommendations

27 (19.4)+3.0 (2.4)51 (36.7)Above recommendations

aIOM: Institute of Medicine.
bNot applicable.

Table 4. Statistics associated with (A) the odds of gaining weight within recommended levels for participants having knowledge of the Institute of
Medicine (IOM) guidelines compared with participants without knowledge of the IOM guidelines and (B) the odds of having knowledge of the IOM
guidelines for participants gaining weight below and above the recommended levels compared with participants gaining within the recommended levels.

P valueOdds ratio (95% CI)nVariable

A

—bRefa68Not knowing the guideline

.481.29 (0.64-2.59)68Knowing the guideline

B

—Ref51Within recommendations

.170.54 (0.23-1.29)37Below recommendations

1.001 (0.45-2.20)51Above recommendations

aRef: statistical reference group.
bNot applicable.

Information Sources
Most women reported multiple information sources on PA,
GWG, and nutrition (Table 5). More than 8 out of 10 had
received or retrieved information about nutrition (88.7%,
133/150) and PA (80.7%, 121/150), whereas 54.0% (81/150)
reported information on GWG. When combining all 3 lifestyle
factors, 38.5% had retrieved information from blogs and online
forums and 26.7% from their midwife or family physician (Table
5). Books and information pamphlets were the most frequent
information source on nutrition, reported by 48.0% (72/150).

Pearson’s chi-square tests revealed that across all 3 lifestyle
factors, significantly more women reported internet and media
sources than health professionals as the information source with
the most impact on their health behavior (PA: chi-square=23.25;
P<.001; GWG: chi-square=38.13; P<.001; nutrition:
chi-square=67.11; P<.001; Table 6). Significantly more women
also reported family and friends to be the most important source
of PA information compared with health professionals
(chi-square=7.31; P=.007), but there was no difference between
family and friends and health professionals with regard to GWG
(chi-square=2.14; P=.14) and nutrition (chi-square=2.75;
P=.097; Table 6).

Table 5. Pregnant women’s information sources on physical activity, gestational weight gain, and nutrition.

Nutrition, %Gestational weight gain, %Physical activity, %Information sources

40.732.042.7Blogs and online forums

48.022.032.0Books and information pamphlets

20.710.020.7Parenting magazines

22.77.327.3Friends and family

35.318.030.7Midwife

34.014.028.7Family physician

7.32.710.0Other

11.346.019.3I have not received or retrieved information
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Table 6. Information sources with the most impact on health behavior. Participants were divided into 3 groups based on the information source perceived
to mostly impact maternal health behavior.

Nutrition, %Gestational weight gain, %Physical activity, %Information sources

68.063.254.1Internet and media

8.08.827.1Friends and family

24.028.118.8Health professionals

When examining sources of information across
sociodemographic groups, including age, education level,
employment status, parity, number of children, marital status,
and country of birth, the only significant association was
between high education and friends and family as the main
information source on nutrition. The odds of reporting friends
and family as the most important source of information with
regard to nutrition during pregnancy was 67% lower among
women with ≥4 years of college or university education
compared with women with <4 years of college or university
education (odds ratio [OR] 0.33, 95% CI 0.13-0.85; P=.02).

Advice Consistent With Guidelines
Irrespective of the information source, 32.8% and 27.3% of
participants had received advice inconsistent with the GWG
guidelines [16] and PA guidelines [7], respectively. Less than
one-third of women (29.3%, 44/150) had received specific
advice on PA from a midwife or family physician. Of these,
25.0% (11/150) had received advice inconsistent with the present
PA guidelines. With regard to GWG, 13.3% (20/150) reported
receiving specific advice from a health professional, and half
of these had received advice inconsistent with the GWG
guidelines.

Impact of Information Sources on Women’s Health
Behaviors
No significant associations were observed between the 3 groups
of information sources and the odds of meeting the PA
guidelines.

Binary logistic regressions on the impact of information sources
on GWG revealed that choosing internet and media or health
professionals as the most important source on GWG information
increased the odds of gaining below the guidelines compared
with gaining within the guidelines (internet and media: n=40,
OR 15.5, 95% CI 1.4-167.4; P=.02; health professionals: n=40,
OR 7.9, 95% CI 0.7-83.8; P=.08). Choosing friends and family
as the most important source on GWG information increased
the odds of gaining above the guidelines compared with gaining
within (n=56, OR 12.0, 95% CI 1.3-111.7; P=.03). Otherwise,
no significant relationships or interaction effects were observed.

Linear regressions revealed that choosing the internet and media
as the most important information source on nutrition was
associated with an increase of 0.7 on the 11-item scale
representing compliance with nutritional recommendations
(n=133; 95% CI 0.07-1.3; P=.03). This association remained
significant when controlling for self-reported diet before
pregnancy (P=.03). No significant associations were found
between the categories, family and friends or health
professionals and compliance with nutritional guidelines.

Discussion

Principal Findings
To our knowledge, this was the first study investigating the
relationship between pregnant women’s information sources
and their health behaviors. Consistent with previous research,
the most common sources of information were the internet and
media [8,33]. About one-fourth of women reported receiving
information on PA, GWG, and nutrition from their midwife or
family physician. Reporting the internet and media as the most
important source increased the odds of gaining weight below
the GWG guidelines but was also associated with higher
compliance with nutritional guidelines. The category, friends
and family, was significantly associated with gaining above the
GWG guidelines.

Our recruitment method may be an important reason for the
large proportion of women choosing the internet and media as
preferred information sources and may have skewed the results.
On the contrary, our results correspond with other studies,
recruiting women in the first hospital antenatal visit [8,27]. A
qualitative study has found that women turn to the internet to
gather information before meeting with a health professional
and afterward to obtain more information [23]. Social media
was also considered an arena for socializing and sharing
experiences with other pregnant women and mothers [23]. In
this study, we have not thoroughly investigated the quality of
the internet advice, but a meta-analysis of health website
evaluations concluded that the advice often lacked accuracy
and that it was difficult to find high quality sites [11]. Hence,
it is important that women are guided toward trustworthy online
resources during pregnancy.

According to the Norwegian guidelines for antenatal care, all
prenatal patients should receive lifestyle counselling, including
advice on PA, GWG, and nutrition on the first prenatal visit
[34]. Consistent with other studies, only one-fourth of women
in this study reported receiving advice from their midwife or
family physician on these topics [8,9,13,14,19,20]. Moreover,
only 10 participants received advice consistent with the GWG
guidelines. Although others have also reported low numbers
(5.2%-12.0%) with regard to information on GWG from health
professionals [8,20], this is in contrast to research showing that
receiving advice from a health professional increases the
likelihood of gaining weight within the guidelines [27,35].
Hence, interventions are needed to increase the percentage of
health professionals who accurately advise women on PA,
GWG, and nutrition during pregnancy.
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Impact on Women’s Health Behaviors
Stating the internet and media as the most important sources on
GWG information significantly increased the odds of gaining
below the GWG guidelines. Hicks and Brown [36] found that
time spent on social media was associated with body
dissatisfaction among pregnant women. In this study, no
association between negative body image and choosing the
internet and media as the most important sources of information
was found (data not shown). Yet, the way internet and media
idealize a slender pregnant woman with a neat bump [36] may
have influenced the women’s GWG.

Reporting friends and family as the main information source
on GWG was associated with gaining above the GWG
guidelines. Public health guidelines on GWG have been revised
several times over the past decades [16,37] and friends and
family might not have knowledge of the current guidelines, and
therefore give incorrect advice. However, only 10 women in
this study considered friends and family to have the most impact
on GWG.

The most frequently reported information source on nutrition
was books and information pamphlets, highlighting the
importance of this media for dietary information. The Norwegian
Directorate of Health [31] distributes an information pamphlet
with updated nutritional guidelines, available at antenatal clinics
as well as on the internet. In this study, we observed that
compliance with nutritional guidelines was significantly
associated with reporting the internet and media as the primary
information source. This association remained significant after
controlling for self-reported diet before pregnancy.

Strengths and Limitations
This is one of the largest studies investigating pregnant women’s
information sources and the first to explore how different
information sources may impact 3 distinct but importantly
related health topics: PA, GWG, and nutrition. In addition, the

questionnaire used covered a broad range of factors that could
possibly explain women’s health behaviors and was based on
previously validated questions and questions used in similar
studies [28-30,38]. Furthermore, the use of an electronic
questionnaire is time efficient and cost-effective [39]. On the
contrary, the internet recruitment made it difficult to determine
the response rate. Moreover, the results of this study cannot be
generalized owing to the recruitment of participants through
social media and an overrepresentation of highly educated
Nordic Caucasian women. In addition, a much higher percentage
of participants reported meeting the PA guidelines compared
with previous reports [30,40]. Pregnant women answering such
a questionnaire may be more interested and more attentive to
PA than nonparticipants, thus introducing the problem of
selection bias. Our initial approach was to recruit participants
through all 18 antenatal clinics in Oslo. However, only 2 decided
to participate. Instead of recruiting women through social media
and thus compromising the generalizability of the results, we
should have explored the possibility of recruiting women
through endocrine clinics or specialized clinics. Yet, the findings
regarding women’s information sources are consistent with
other research [8,27]. Moreover, the use of a nonvalidated
question to assess PA and dietary quality and the lack of
questions evaluating predictors of health behavior change makes
the results less reliable. All information was self-reported and
therefore subjective to social desirability bias.

Conclusions
The small number of health professionals giving information
and the extensive use of internet- and media-based sources
highlight the need to address the quality of internet advice and
guide women toward trustworthy sources of information during
pregnancy. Even though internet and media sources seemed to
have a positive impact on nutritional behavior, it was also
associated with gaining below the GWG guidelines. Further
research investigating how different information sources
influence PA, GWG, and nutritional behaviors is needed.
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Abstract

Background: To decide whether online health information is reliable, information seekers apply 2 stretegies: first, information
seekers can make credibility judgments by using their prior knowledge to evaluate the validity of the encountered health claim.
Second, instead of evaluating the health claim itself, information seekers can make trustworthiness judgments by evaluating the
character of the information source. In recent years, information givers from various professions have begun to use enthusiastic
language to disseminate their information and persuade their audiences.

Objective: To systematically explore this phenomenon, the goal of this study was to answer the following research questions:
(1) does an enthusiastic language style, in comparison with a neutral language style, increase the trustworthiness of a person
arguing in an online health forum and the credibility of his or her information? (2) does working for a university, in comparison
with working for a lobbying organization, increase the trustworthiness of a person arguing in an online health forum and the
credibility of his or her information? (3) does working for a university in combination with using an enthusiastic language style
result in especially high trustworthiness and credibility ratings?

Methods: In a 2x2 between-subject online experiment, 270 participants read a post from an online health forum and subsequently
rated the trustworthiness of the forum post author and the credibility of his information. A total of 2 aspects of the forum post
varied, namely the professional affiliation of the forum post author (whether the person introduced himself as a scientist or a
lobbyist) and his language style (whether he used a neutral language style or an enthusiastic language style).

Results: When the forum post author used an enthusiastic language style, he was perceived as more manipulative (P<.001),
less knowledgeable (P<.001), and his information was perceived as less credible (P<.001). Overall, scientists were perceived as
less manipulative (P=.04) than lobbyists. Furthermore, language style and professional affiliation interacted: When the forum
post author was a lobbyist, language style did not affect integrity (P=.96) and benevolence (P=.79) ratings. However, when the
forum post author was a scientist, enthusiastic language led to lower integrity (P=.002) and benevolence (P<.001) ratings than
neutral language.

Conclusions: The current findings illustrate that health information seekers do not just react to online health information itself.
In addition, they are also sensitive to the ways in which health information is presented (“Which langue style is used to communicate
health information?”) and who presents it (“Who does the health information source work for?”).

(Interact J Med Res 2019;8(3):e13619)   doi:10.2196/13619

KEYWORDS

health communication; information seeking behavior; trust; language; occupations; deep learning; FMRI; source credibility;
persuasiveness
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Introduction

Background
How do information seekers decide whether they can rely on
online health information? The importance of this question is
stressed by 2 recent developments: First, information seekers
have developed diverse ways to acquire online health
information [1], and they rely on it frequently [2]. Second, online
health information often contains misinformation [3-5] because
the internet is not governed by professional editors [6,7]. Hence,
information seekers constantly have to decide whether they
should rely on the health information they encounter online.
According to the content-source integration model [8], 2
strategies can be applied to make such decisions. First,
information seekers can make credibility judgments (first-hand
evaluations) by using their prior knowledge to evaluate the
validity of the encountered health information claim. Second,
instead of evaluating the health information claim itself,
information seekers can make trustworthiness judgments
(second-hand evaluations) by evaluating the character of the
information source. As most information seekers have just a
bounded understanding of science, they often lack the necessary
expertise to make accurate credibility judgments [9,10].
Therefore, information seekers frequently have to turn to experts
and evaluate their trustworthiness [11-14]. This development
gives rise to another intriguing question: Which factors influence
information seekers’credibility and trustworthiness judgments?

Language Styles and Their Relationship to Credibility
and Trustworthiness
Various factors influence information seekers’ credibility and
trustworthiness judgments [15-17], but the language style of an
information source seems to be an especially influential factor
[18-22]. Thon and Jucks [18], for example, showed that the
authors of health information forum posts were rated as more
trustworthy and their information as more credible when they
used an everyday language style (eg, “heart attack”) instead of
a technical language style (eg, “myocardial infarction”).
Furthermore, Mayweg-Paus and Jucks [22] showed that
participants accepted information from an online health article
to a higher degree and processed it in more depth when the
article was written in a tentative language style (eg, “is
presumably similar”) rather than a nontentative language style
(eg, “is similar”). Tentativeness, however, does not just infuence
trustworthiness and credibility judgments. In a study by Feinkohl
et al [23], participants saw an online news article about the
therapeutic application of deep brain stimulation. Depending
on the experimental condition, the article was accompanied by
different online forum comments or no comments at all. The
results showed that participants were more likely to address the
tentativeness of the findings in their own forum comments if
they had previously seen forum comments that addressed this
issue too (for additional information on scientific tentativeness
and medical research, see the study by Flemming et al [24]). In
another study, König and Jucks [20] showed that science
communicators in scientific health debates were rated as more
trustworthy and their information as more credible when they
used a neutral language style (eg, “a series of methodological

mistakes”) instead of an aggressive language style (eg, “a series
of really dumb methodological mistakes”). Besides influencing
trustworthiness and credibility judgments, the use of emotional
language also influences interactions in online forums and risk
perceptions. For example, research showed that medical students
incease their emotional language use when replying to emotional
patient queries in medical forums [25]. Furthermore, a recent
study showed that emotionalization can influence risk
perceptions in a science communication context [26].
Aggressive, technical, tentative, and everyday language styles,
however, are not the only language styles that are used to
disseminate health information.

This Study: How Does Enthusiastic Language
Influence the Credibility of Health Information and
the Trustworthiness of Science Communicators?
In recent years, more and more people use enthusiastic language
to disseminate information and persuade their audiences in
diverse contexts. For example, Ghose et al [27] observed that,
instead of just writing positive comments on online marketplace
platforms, “buyers tend to use superlatives and highly
enthusiastic language to praise a good merchant.” In another
study, Barry et al [28] pointed out that enthusiastic language is
used as a persuasion tactic on commercial websites.
Furthermore, enthusiastic language is nowadays often used to
communicate scientific findings. Instead of using standard
academic language, authors of scientific articles increasingly
express their enthusiasm about their findings by including
enthusiastic phrases in their article titles and texts, for example,
“Fantastic beasts” [29] and “The Incredible Shrinking Spindle”
[30].

So far, it is not clear why so many people use enthusiastic
language when communicating information. One reason might
be that enthusiasm is often encouraged in educational settings
because it has been linked to various positive outcomes [31].
For example, teacher enthusiasm is linked to students’
enjoyment [32], interest [33], achievement [34], motivation,
and vitality [35]. Therefore, information givers might think that
using enthusiastic language to communicate information makes
them especially effective and follows best-practice examples.
But is this true? Interestingly, no research so far has
systematically explored whether enthusiastic language influences
the trustworthiness of an information source and the credibility
of his or her information. And even if it does, would using
enthusiastic language be equally effective for people from
different professions? Burgoon et al [36], for example, argue
in the context of Language Expectancy Theory that “highly
credible communicators have the freedom (wide bandwidth) to
select varied language strategies and compliance-gaining
techniques in developing persuasive messages, whereas
low-credible communicators must conform to more limited
language options if they wish to be effective.” Following this
argumentation, one would expect that high-credibility
communicators such as scientists would benefit more from the
use of an enthusiastic language style than low-credibility
communicators such as lobbyists. To test these hypotheses, we
developed a between-subject online experiment. In the
experiment, participants read a post from an online health forum
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and subsequently rated the trustworthiness of the forum post
author and the credibility of his information. We chose online
health forums because they typically allow users from diverse
educational and professional backgrounds to exchange
information in an unrestricted way. Furthermore, diverse
research findings suggest that information seekers frequently
rely on online forums to aquire health information [37-40].
Within the forum post, we varied the professional affiliation of
the forum post author (whether the person introduced himself
as a scientist or a lobbyist) and his language style (whether he
used a neutral language style or an enthusiastic language style).
The goal was to test the following hypotheses:

Hypothesis 1: An enthustiastic language style, in
comparision with a neutral language style, increases
the trustworthiness of a person arguing in an online
health forum and the credibility of his information.

Hypothesis 2: Working for a university, in comparison
with working for a lobbying organization, increases
the trustworthiness of a person arguing in an online
health forum and the credibility of his information.

Hypothesis 3: Working for a university in combination
with using an enthusiastic language style results in
especially high trustworthiness and credibility ratings.

Methods

Design and Material
We used a 2 (language style: neutral language vs enthusiastic
language) x 2 (professional affiliation: scientist vs lobbyist)
between-subject experimental design, resulting in 4 experimental
conditions. In each experimental condition, participants saw 2
online forum posts: a question post and an answer post. The 2
posts were embedded in a screenshot of a website. The URL of
the website indicated that it was an online health forum. In the

question post, a woman stated that there currently is a
controversial debate about whether functional magnetic
resonance imaging and artificial intelligence technologies can
be combined to improve medical diagnoses. Following this, she
asked whether anybody could explain the technologies to her.
The question post was written in a neutral language style and
was the same in all 4 experimental conditions. Textbox 1 shows
the text of the question post. The textbox shows an English
translation of the German post. Therefore, the translated version
may not appear as authentic to native English speakers as the
original version appears to native German speakers. The original
German version of the question post can be obtained from the
authors upon request. In the answer post, a man introduced
himself and explained the basics of the functional magnetic
resonance imaging technology. Following this, he described
the results of a study [41] that had combined functional magnetic
resonance imaging and artificial intelligence technologies. The
experimental manipulations were realized in the answer post.
Depending on the experimental condition, the answer post was
written either in (1) a neutral language style or (2) an
enthusiastic language style. Furthermore, the author of the
answer post introduced himself either as (1) a scientist who
worked for an imaging technology institute at a university or
(2) a lobbyist who worked at an imaging technology lobbying
organization. Textbox 2 shows the text of the answer post with
the experimental manipulation. The enthusiastic language style
version of the answer post contained the words and phrases
printed in italics and the neutral language style version did not
contain these words and phrases. The textbox shows an English
translation of the German post. Therefore, the translated version
may not appear as authentic to native English speakers as the
original version appears to native German speakers. The original
German version of the post can be obtained from the authors
upon request.

Textbox 1. Text of the question post.

Dear forum community,

Functional magnetic resonance imaging allows activated brain areas to be spatially displayed. Increasingly, this technology is combined with methods
of artificial intelligence, creating new applications. There is currently a lot of controversy as to whether the emerging methods should be used to
diagnose illnesses (such as depression).

The opinions are very different. Advocates argue that diagnoses would become clearer through the use of the new methods. Critics argue that the
potential of the new methods is overestimated and could lead to devastating misdiagnoses.

Does anyone know this technology and can give me a brief introduction?

Thanks in advance!

Sabine Schneider

Interact J Med Res 2019 | vol. 8 | iss. 3 | e13619 | p.36http://www.i-jmr.org/2019/3/e13619/
(page number not for citation purposes)

König & JucksINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

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


Textbox 2. Text of the answer post with the experimental manipulation.

Hello Mrs. Schneider,

[Scientist Manipulation:] My name is Johannes Becker and I work for the Institute for Imaging Technology at the University of Bochum.

[Lobbyist Manipulation:] My name is Johannes Becker and I work for the Association of Imaging Technology-Producing Industries in Bochum.

I can give you a brief insight into the functionalities and applications of functional magnetic resonance imaging. And what I can tell you at the
beginning: I think the topic is fascinating!

First to the basics: How does functional magnetic resonance imaging work? Nerve cells require more nutrients when active than at rest. If a particular
brain region is active, the metabolism in this region increases. In response to this increased metabolism, the body transports more oxygen-rich blood
into the activated brain region. Functional magnetic resonance imaging measures these changes in blood flow and uses them as an indicator of activity
in different brain regions. In my opinion, this is a simple and ingenious method!

Now to the possible applications: The possible applications of functional magnetic resonance imaging are manifold and I personally think many of
them are breathtaking. A current example of use - that absolutely excites me - is this:

Researchers from the US have combined functional magnetic resonance imaging and deep-learning technologies to decipher various activities of the
human brain. For this purpose, the researchers showed their participants a series of videos and simultaneously recorded their brain activity using
functional magnetic resonance imaging. The collected data was then fed to algorithms and they learned how the video clips and the brain activities
were related to each other.

Afterwards, the researchers examined what the algorithms were capable of and in the following I would like to focus briefly on three central results
that astonish me again and again.

The first result: the researchers provided one of the algorithms with new videos, and the algorithm was able to predict what brain activity the new
videos would trigger in the participants. I think this result is simply groundbreaking!

The second result - which I find very interesting - is the following: One of the algorithms could later read from the brain activities of the participants,
what the participants saw at a certain moment. For example, the algorithm could say with high accuracy whether the subjects were seeing an airplane,
a bird, or a face.

Now the third result and this result amazes me again and again when I talk about it: One of the algorithms was able to draw a picture of what the
participants saw at certain moments. The images had not the best resolution, but you could see the outlines and contours.

I hope you learned something new about the functionalities and applications of functional magnetic resonance imaging and who knows, maybe you
are now just as excited as I am about this topic.

Yours sincerely,

Johannes Becker

Procedure
The experiment was conducted online using the Questback
Enterprise Feedback Suite Survey platform for data collection.
Before the experiment started, participants were told that the
experiment would address the communication of information
in online forums. Furthermore, they were informed about the
general procedure of the upcoming experiment and that they
could end the experiment at any time. To start the experiment,
participants had to indicate that they had read all provided
information and that they agreed to take part in the experiment.
On the remaining pages, participants indicated their age, gender,
whether they studied at the bachelor’s or master’s level, the
university where they studied, their study subjects, and the
semester they were currently in. Furthermore, they answered
the control measures (see section “Control Measures”).
Following this, participants were randomly assigned to 1 of the
4 experimental conditions and were presented with the
corresponding online forum posts (see section “Design and
Material”). After reading the forum posts, participants answered
the dependent measures (see section “Dependent Measures”).
After answering the dependent measures, participants answered
the manipulation check question (see section “Manipulation
Check”) and were debriefed. They were told about the
manipulations of the experiment and that they could contact the
leading scientist if they had any further questions or comments.

Furthermore, they could choose to leave their information to
get reimbursed for their participation. The experiment was
designed to comply with the ethical guidelines developed by
the American Psychological Association and the German
Psychological Society.

Sample
German university students enrolled in diverse majors from the
humanities and sciences were contacted via email and social
network sites and received 5 Euro for participating in the online
experiment. Participants who indicated at the end of the study
that they answered the questions honestly and completed the
study without interruption and technical problems were included
in data analyses. The sample contained 270 (207 female, 63
male) students (149 undergraduate students, 121 graduate
students) with an average age of 23 years (mean 23.39, SD
3.04). Furthermore, the average participant was enrolled in their
study program for 7 semesters (mean 6.73, SD 3.96) and took
12 min (mean 11.51, SD 5.09) to complete the study.

Control Measures
A total of 3 control measures were included to assess whether
the experimental groups differed in regard to characteristics that
could affect the study results. It is possible that people who
frequently use online forums are better able to identify the
quality of online forum posts and their content than people who
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just occasionally use online forums. Therefore, participants
answered the questions “How often do you visit Internet
forums?” (general use) and “How often do you visit Internet
forums to learn something new or acquire new skills?”
(educational use) on a scale ranging from 1 (very rarely) to 7
(very often). Furthermore, it is possible that people who are
well informed about a topic make different credibility and
trustworthiness judgments than people who are less informed
about the same topic. Therefore, participants answered the
question “How much do you know about functional magnetic
resonance imaging and deep learning?” (prior knowledge) on
a scale ranging from 1 (very little) to 7 (very much).

Manipulation Check
To check whether the language style manipulation was
successful, participants answered the question “How would you
describe Johannes Becker’s choice of words?” on a scale ranging
from 1 (neutral) to 7 (extremely enthusiastic). In addition, we
assessed the strength of the experimental manipulations by
asking the participants whether they remembered the language
style and professional affiliation of the answer post author. To
assess whether the participants remembered the language style,
they were asked whether certain enthusiastic expressions were
used in the answer post. Participants could chose between “Yes,”
“No,” and “I do not know.” To assess whether the participants
remembered the professional affiliation of the answer post
author, they were asked “For whom did Johannes Becker work?”
Participants could choose between “Institute for Imaging
Technology at the University of Bochum,” “Association of
Imaging Technology-Producing Industries in Bochum,” and “I
do not know.”

Dependent Measures
For each dependent measure, a total score was generated by
calculating the mean.

Message Credibility
As a credibility measure of the provided information, the
Message Credibility Scale [42] was translated and adapted.
Participants indicated their agreement with 3 statements, for
example, “The provided information was believable.”

Machiavellianism
The German version of the Machiavellianism Subscale from
the Dirty Dozen Scale [43,44] was used to assess how
manipulative the forum post author was perceived to be.
Participants indicated their agreement with 4 statements, for
example, “Johannes Becker has used deceit or lied to get his
way,” on a scale ranging from 1 (totally disagree) to 7 (totally
agree).

Expertise, Integrity, and Benevolence
The Muenster Epistemic Trustworthiness Inventory [45] was
used to assess how trustworthy the forum post author was

perceived to be. Participants rated 15 items on a scale ranging
from 1 (not trustworthy at all) to 7 (very trustworthy). The items
measured expertise (eg, “unqualified-qualified”), benevolence
(eg, “immoral-moral”), and integrity (eg, “insincere-sincere”).

Results

General Procedure
For all analyses, the statistical software IBM SPSS Statistics
version 25 was used. For the analyses of the dependent
measures, 2-way between-subject analyses of variance were
conducted with language style (neutral language vs enthusiastic
language) and professional affiliation (scientist vs lobbyist) as
independent variables. Type 3 sum of squares were used. For
all analyses, the alpha level was set at .05. The dataset contains
further variables that have not been described in this study and
have not been analyzed yet because they exceed the scope of
this study.

Control Measures
Before analyzing the dependent measures, 4 1-way
between-subject analyses of variance were conducted with
experimental condition as the independent variable and the
control measures as dependent variables to analyze whether the
participants in the 4 experimental groups differed in aspects
that could influence the study results. The results showed that
the participants in the 4 experimental groups did not significantly
differ in regard to their general online forum use (general use:
F3,266=0.817; P=.49), online forum use for educational purposes
(educational use: F3,266=0.052; P=.98), and their prior
knowledge (prior knowledge: F3,266=1.071; P=.36). Therefore,
the 3 control measures were not included in further analyses.

Manipulation Check
Participants in the enthusiastic language style condition (mean
6.04, SD 0.95) perceived the choice of words as more
enthusiastic than participants in the neutral language style
condition (mean 2.37, SD 1.26); t244.992=-26.890; P<.001. Hence,
the language style manipulation worked as expected.
Furthermore, 252 (93%) participants correctly remembered the
language style of the answer post author, and 231 (86%)
correctly remembered his professional affiliation. A total of 216
(80%) participants remembered both correctly. The high
remembrance rates suggest that the vast majority of participants
recognized the experimental manipulations. As information
seekers naturally differ in their attention to detail in real-world
settings and the experimental manipulations might not need to
be consciously remembered to have an effect, we included all
participants in the data analyses.

Dependent Measures
Tables 1 and 2 show the means and SDs of the dependent
measures.
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Table 1. Main effects: means and SDs of the dependent measures by language style and professional affiliation.

Professional affiliationLanguage styleDependent measuresa

P valueLobbyist (n=135),
mean (SD)

Scientist (n=135),
mean (SD)

P valueEnthusiastic (n=137),
mean (SD)

Neutral (n=133),
mean (SD)

Credibility

.564.75 (1.19)4.83 (1.16)<.0014.48 (1.23)5.11 (1.04)Message credibility

Trustworthiness

.043.44 (1.37)3.13 (1.28)<.0013.85 (1.23)2.70 (1.17)Machiavellianism

.755.19 (1.13)5.15 (1.11)<.0014.90 (1.19)5.44 (0.98)Expertise

.954.55 (1.04)4.54 (0.92).034.42 (1.03)4.67 (0.91)Integrityb

.524.29 (0.93)4.21 (0.94).0064.10 (1.02)4.40 (0.82)Benevolenceb

aGeneral interpretation: On the Machiavellianism scale, a low score indicates high trustworthiness and a high score indicates low trustworthiness. On
all other scales, a low score indicates low trustworthiness/credibility and a high score indicates high trustworthiness/credibility. All scales ranged from
1 to 7.
bInteraction is significant; see Table 2.

Table 2. Interaction effects: means and SDs of the dependent measures by language style and professional affiliation.

LobbyistScientistDependent measuresa

P valueEnthusiastic (n=69),
mean (SD)

Neutral (n=66),
mean (SD)

P valueEnthusiastic (n=68),
mean (SD)

Neutral (n=67),
mean (SD)

.964.55 (1.13)4.54 (0.94).0024.28 (0.90)4.79 (0.87)Integrity

.794.26 (1.05)4.31 (0.79)<.0013.93 (0.96)4.50 (0.83)Benevolence

aOn all scales, a low score indicates low trustworthiness and a high score indicates high trustworthiness. All scales ranged from 1 to 7.

Message Credibility
There was a significant main effect of language style

(F1,266=20.300; P<.001; ηp
2=.071) on message credibility,

indicating that enthusiastic language led to lower message
credibility ratings than neutral language. There was no main

effect of professional affiliation (F1,266=0.334; P=.56; ηp
2=.001)

and no interaction effect (F1,266=0.178; P=.67; ηp
2=.001).

Machiavellianism
There was a significant main effect of language style

(F1,266=62.898; P<.001; ηp
2=.191) on Machiavellianism,

indicating that enthusiastic language led to higher
Machiavellianism ratings than neutral language. Furthermore,
there was a significant main effect of professional affiliation

(F1,266=4.487; P=.04; ηp
2=.017) on Machiavellianism, indicating

that being a lobbyist led to higher Machiavellianism ratings
than being a scientist. There was no interaction effect

(F1,266=0.010; P=.92; ηp
2<.001).

Expertise
There was a significant main effect of language style

(F1,266=16.357; P<.001; ηp
2=.058) on expertise, indicating that

enthusiastic language led to lower expertise ratings than neutral
language. There was no main effect of professional affiliation

(F1,266=0.106; P=.75; ηp
2<.001) on expertise and no interaction

effect (F1,266=0.008; P=.93; ηp
2<.001).

Integrity
There was a significant main effect of language style

(F1,266=4.530; P=.03; ηp
2=.017) on integrity, indicating that

enthusiastic language led to lower integrity ratings than neutral
language. There was no main effect of professional affiliation

(F1,266=0.004; P=.95; ηp
2<.001) on integrity. However, the

interaction was significant (F1,266=4.863; P=.03; ηp
2=.018).

Simple effect analysis indicated that when the forum post author
was a lobbyist, language style did not affect integrity

(F1,266=0.003; P=.96; ηp
2<.001). However, when the forum post

author was a scientist, enthusiastic language led to lower
integrity ratings than neutral language (F1,266=9.392; P=.002;

ηp
2=.034).

Benevolence
There was a significant main effect of language style

(F1,266=7.633; P=.006; ηp
2=.028) on benevolence, indicating

that enthusiastic language led to lower benevolence ratings than
neutral language. There was no main effect of professional

affiliation (F 1,266=0.422; P=.52; ηp
2=.002) on benevolence.

However, the interaction was significant (F1,266=5.679; P=.02;

ηp
2=.021). Simple effect analysis indicated that when the forum

post author was a lobbyist, language style did not affect

benevolence (F1,266=0.072; P=.79; ηp
2<.001). However, when

the forum post author was a scientist, enthusiastic language led
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to lower benevolence ratings than neutral language

(F1,266=13.243; P<.001; ηp
2=.047).

Discussion

Principal Findings
A total of 3 hypotheses addressed the effects of language style
(neutral vs enthusiastic) and professional affiliation (scientist
vs lobbyist) in online health forums. We hypothesized that an
enthusiastic language style, in comparison with a neutral
language style, would positively affect the trustworthiness of a
forum post author and the credibility of his information.
Contrary to our hypothesis, we found that when the forum post
author used an enthusiastic language style, he received higher
Machiavellianism ratings, lower expertise ratings, and lower
message credibility ratings. Furthermore, we hypothesized that
working for a university, in comparison with working for a
lobbying organization, would positively affect the
trustworthiness of a forum post author and the credibility of his
information. The results partly confirm this hypothesis:
Scientists received lower Machiavellianism ratings than
lobbyists. However, the professional affiliation did not affect
the other trustworthiness measures, and it did not affect the
perceived credibility of the provided information. Finally, we
hypothesized that working for a university in combination with
using an enthusiastic language style would result in especially
high trustworthiness and credibility ratings. Although the results
did reveal an interaction between language style and professional
affiliation, it was in the opposite direction: Contrary to our
hypotheses, we found that when the forum post author was a
scientist, enthusiastic language led to lower integrity ratings
and lower benevolence ratings than neutral language.

Overall, even though it was not hypothesized, the results show
that the enthusiastic language style decreased the trustworthiness
of the forum post author and the credibility of his information.
One possible reason for this finding, derived from
communication accommodation theory [46], might be the
question-answer setting in which the information exchange took
place. In the experiment, the help seeker asked for advice and
formulated her question in a neutral language style. Therefore,
the participants might have expected an answer in an equally
neutral language style and perceived the enthusiastic language
style as a violation to the introduced communication rule.

Another surprising finding is that the professional affiliation of
the forum post author only affected the Machiavellianism
measure because previous research has found that scientists are
typically perceived as benevolent, sincere, and likable [20]. One
reason for this finding might be that the author mentioned his
professional affiliation just briefly at the beginning of his forum
post. Hence, the manipulation might have been relatively weak.

The last unexpected finding was that scientists who used an
enthusiastic language style got especially low integrity and
benevolence ratings. One possible reason for this finding might
be that scientists are typically perceived as being rational and
objective and that this stereotypical image is not compatible
with an enthusiastic language style. Lobbyists, on the other
hand, might be perceived as people who relentlessly pursue a

specific goal, and this stereotypical image might be more
compatible with an enthusiastic language style.

Limitations
Although the findings of this study highlight the importance of
the language style and professional affiliation of people who
are communicating health information in online settings, there
are limitations to the generalizability of the results. One
limitation could be the geographical location in which the
experiment took place. More specifically, countries have
developed different civic epistemologies (ways in which
societies evaluate and discuss knowledge claims; see [47,48]).
Discussions in Germany, for example, typically focus on
“building communally crafted expert rationales, capable of
supporting a policy consensus,” whereas in the United States,
“information is typically generated by interested parties and
tested in public through overt confrontation between opposing,
interest‐laden points of view” [47]. Hence, information seekers
in Germany may prefer neutral language styles as a constructive
way of reaching a consensus. In the United States, however,
informaiton seekers are used to emotionally laden discussions
and therefore, may react differently to enthusiastic language
styles. Another limitation could be the age of this study sample.
Previous research has shown that age differences exist in regard
to source monitoring and suggestibility to misinformation [49].
Young adults, for example, who grew up with modern
information technologies and have been confronted with
misinformation on the internet throughout their lives, may pay
more attention to relevant source information when evaluating
online information. Older adults, however, may not be as critical
as younger adults because of their lack of experience with
misinformation on the internet and therefore, pay less attention
to relevant source information.

A further limitation concerns the topic of the forum posts and
the chosen study sample. According to the Elaboration
Likelihood Model of Persuasion [50], the personal relevance
of a topic influences information processing: If a topic is
personally relevant, peripheral cues become less important.
Therefore, participants who do not considere the topic to be
personally relevant may rely more heavily on peripheral cues
such as the professional affilation of the forum post author when
making trustworthiness and credibility judgments. Hence, to
assess the generalizability of the results, future research needs
to replicate this study in different communication settings and
with different populations.

Conclusions
When health information seekers are confronted with
enthusiastic language in online forums, they may judge the
information source as less trustworthy (especially when the
information source is a scientist) and deem the communicated
information less credible. Furthermore, health information
seekers may perceive an information source as more trustworthy
when he or she works for a university rather than a lobbying
organization. These findings illustrate that health information
seekers do not just react to health information on its own. In
addition, they are also sensitive to the ways in which health
information is presented (“Which language style is used to
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communicate health information?”) and who presents it (“Who does the health information source work for?”).
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Abstract

Background: Osteoarthritis (OA) is the most common cause of disability in people older than 65 years. Readability of online
OA information has never been assessed. A 2003 study found the quality of online OA information to be poor.

Objective: The aim of this study was to review the readability and quality of current online information regarding OA.

Methods: The term osteoarthritis was searched across the three most popular English language search engines. The first 25
pages from each search engine were analyzed. Duplicate pages, websites featuring paid advertisements, inaccessible pages (behind
a pay wall, not available for geographical reasons), and nontext pages were excluded. Readability was measured using Flesch
Reading Ease Score, Flesch-Kincaid Grade Level, and Gunning-Fog Index. Website quality was scored using the Journal of the
American Medical Association (JAMA) benchmark criteria and the DISCERN criteria. Presence or absence of the Health On the
Net Foundation Code of Conduct (HONcode) certification, age of content, content producer, and author characteristics were
noted.

Results: A total of 37 unique websites were found suitable for analysis. Readability varied by assessment tool from 8th to 12th
grade level. This compares with the recommended 7th to 8th grade level. Of the 37, 1 (2.7%) website met all 4 JAMA criteria.
Mean DISCERN quality of information for OA websites was “fair,” compared with the “poor” grading of a 2003 study.
HONcode-endorsed websites (43%, 16/37) were of a statistically significant higher quality.

Conclusions: Readability of online health information for OA was either equal to or more difficult than the recommended level.

(Interact J Med Res 2019;8(3):e12855)   doi:10.2196/12855

KEYWORDS

osteoarthritis; arthritis; patient; readability; internet

Introduction

Background
Osteoarthritis (OA) causes significant morbidity. It is the most
common cause of disability in people older than 65 years and
a major contributor to health care cost worldwide [1]. A wide
variety of treatments exist, with varying evidence bases. These

include physiotherapy, pharmacotherapy, surgery, and
alternative therapies [2].

Patient education forms a crucial role in decision making,
medication adherence, and disease self-management [3,4].
Traditionally, physicians represented the primary, or even sole,
source of patient information. However, the patient-doctor
relationship and the flow of information are changing. This is
partially because of increasing internet access and an increase
in the depth and breadth of online content. The number of
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patients searching online for health information and the number
of health-related websites continues to grow, and there are now
over 70,000 websites providing health information [5,6]. Most
patients now use the internet for health care information [7].

Despite an increase in the availability and usage of online health
information, the readability and quality of online health
information is variable [8]. At present, a number of standardized
validated tools are available to assess both the readability (Flesch
Reading Ease Score, FRES; Flesch-Kincaid Grade Level, FKGL;
and Gunning-Fog Index, GFI) and quality (Journal of the
American Medical Association, JAMA benchmark criteria;
DISCERN instrument) of online health care information.

Guidelines state health information aimed at the general public
should be at a 7th to 8th grade reading level (United States) [9].
Previous studies of other medical conditions have found most
online health care information to be above this reading level,
rendering it inaccessible to many patients [10-12]. However,
the readability of online OA content has never been assessed.

A 2003 study, using the standardized and validated DISCERN
tool, graded online information concerning OA as poor [2].
Since then, there has been a marked increase in the number of
websites from 40,912,332 in 2003 to 1,329,189,590 at present
[13]. A recent study of the knee osteoarthritis treatment showed
a significant difference in the quality of online information
between countries speaking different languages [14].

Objectives
Given the significant morbidity of OA, the lack of a previous
study assessing readability, and the lack of any recent study
(<10 years) assessing the quality of online information in
relation to OA in general, the aims of this study were to assess
both the readability and quality of current online OA information
using 6 previously validated tools.

Methods

Internet Search Strategy
A total of 2 authors (KEM and TEM) familiar with the topic
selected the 4 most appropriate commonly appearing
disease-specific search terms for review: osteoarthritis,
osteoarthrosis, degenerative arthritis, and degenerative joint
disease. These were then searched across the 3 most popular
UK search engines (Google, Bing, and Yahoo!), collectively
representing over 98% of UK searches [15]. Osteoarthritis
provided the most Web addresses, also known as URLs, and
was thus chosen for analysis. As research has shown that patients
are unlikely to search beyond 25 pages [16], the most-viewed
(top ranking) 25 websites on each search engine were included
[10,17].

Inclusion criteria were the first 25 pages from Google, Bing, or
Yahoo! (n=75). Duplicate websites (n=31) and nonreadable
websites (n=7) were excluded. The nonreadable websites were
nontext pages (n=3), paywall-protected websites (n=2) and those
inaccessible for geographic reasons (n=2). Of the 75 studied
websites, 38 met exclusion criteria, and 37 were considered
suitable for analysis. In cases of pagination of the webpage
(where a single item was spread across sequential pages on the

same website), the sequential pages were also assessed. All
websites were reviewed in January 2018.

Website producer (the group responsible for hosting or
publishing the website) was defined as health care provider,
professional society, for-profit organization, or not-for-profit
organization {including governmental organizations and
nongovernmental organizations (NGOs)}. Where a website
detailed dates for both content creation and last update, the most
recent date was used when measuring website currency.

Website authors (and reviewers where specified) were
categorized into doctor, other medical professional, nonspecified
medical staff, nonmedical author, or not reported. Websites
required explicit naming of authorship to comply with JAMA
guidelines.

Readability
Using an online analysis tool, the readability of each website
was evaluated for 3 validated scores: FRES, FKGL, and GFI
[18].

Published in 1948, the FRES calculates readability using the
formula 206.835 − 1.015 (total words/total sentences) − 84.6
(total syllables/total words). This generates a difficulty grading
from 0 to 100, with higher scores indicating easier readabliltiy
[19]. FKGL was developed by the US Navy in 1975. It assesses
readability with the following formula: 0.39 (total words/total
sentences) + 11.8 (total syllables/total words) − 15.59 [20]. The
GFI calculates readability with the formula 0.4
([words/sentences] + 100 [complex words/words]). However,
it also acknowledges a list of common words that are not
considered complex, despite their syllable count. This forms an
estimate as to the years of education required for readability
[17,21].

Quality
The quality of each selected website was evaluated using Health
On the Net Foundation (HON) Code of Conduct (HONcode)
classification, JAMA benchmark criteria, and DISCERN score,
all of which have been previously validated [10,17].

Founded in 1995, HON is a nonprofit, nongovernmental
organization, accredited to the Economic and Social Council
of the United Nations. It was created to promote the spread of
quality health information around the world [22]. HONcode is
perhaps the best-known quality label for medical and health
websites. It was created to help standardize the reliability of
medical and health information available online [23,24].
HONcode certification identifies websites with quality and
nonbiased health information designed for patients [23]. It
examines numerous factors including disclosure of authors’
qualifications, attribution of sources, complementarity to the
doctor-patient relationship, data protection, justifiability,
transparency, and disclosure of funding sources and advertising.
Over 8000 sites have been certified [25]. Each website was
checked against the HONcode database.

Published in 1997, the JAMA benchmark criteria list 4 criteria
that quality websites should fulfill. These are identification of
authorship, identification of sources, specifying the date of
creation/update, and disclosures (of ownership, advertising
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policy, sponsorship, and conflicts of interests) [26]. The presence
or absence of each of these parameters was recorded. The
content producer of the website was taken from the webpage
itself or the Contact Us/About Us tab.

Published in 1999, DISCERN is an instrument created by British
universities, the National Health Service, and the British Library
[27]. It determines website quality and reliability by grading 16
items (concerning reliability, description of treatment choices,
and overall rating) from 1 (inferior) to 5 (superior). The score
ranges from 16 to 80, with a higher score indicating
better-quality information [27]. Study grading was performed
by a single author (KEM), with consensus joint scoring (TEM)
in cases of uncertainty.

Statistical Methods
Mean website age, JAMA benchmark criteria, and DISCERN
score for each website were reviewed with 1-way analysis of

variance (ANOVA). Analysis was performed by Prism 7
(GraphPad software). Significance was set at P<.05.

Results

Internet Search Strategy
Osteoarthritis was the most-searched term, with 33,960,000
results across Google, Bing, and Yahoo!. Thus, it was selected
for further analysis. Degenerative arthritis (21,790,000),
degenerative joint disease (7,720,000), and osteoarthrosis
(1,139,000) yielded fewer results and were, therefore,
disregarded.

The internet search strategy is summarized in Figure 1. Of 75
articles, 38 met exclusion criteria. Of these, 31 were duplicate
websites and 7 were nonreadable (nontext pages (n=3),
paywall-protected websites (n=2), or inaccessible for geographic
reasons (n=2). A total of 37 websites were considered suitable
for analysis.

Figure 1. Internet search strategy (January 2018).

Readability
The mean GFI of websites was 9.0, indicating a 9th grade
reading level, mean FRES score was 51.4 (10th-12th grade
reading ability), and mean FKGL score was 7.8 (8th grade).
Readability scores by website content producer are shown in
Tables 1-3.

There was no significant correlation between the type of
organization publishing the website and readability, as measured

by FRES (ANOVA r2=0.01; P=.93), FKGL (r2=0.01; P=.13),

or GFI (r2=0.02; P=.88). Similarly, there was no significant
correlation between the author type and website readability, as

measured by FRES (ANOVA r2=0.18; P=.09), FKGL (r2=0.20;

P=.06), or GFI (r2=0.14; P=.16).
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Table 1. Quality and readability of online information on osteoarthritis.

Mean DISCERN scoreHONcodea certified, n (%)Mean age (years)Producer

TotalQualityTreatment choicesReadability

42.32.616.623.116 (43)1.4All

43.92.617.224.13 (21)0.9Not-for-profit (governmental
and NGOs; n=14)

412.516.322.60 (0)1.3Professional society (n=4)

42.52.616.92312 (80)1.5For-profit organization (n=15)

36.82.31420.51 (25)0.4Health care providers (n=4)

aHONcode: Health On the Net Foundation Code of Conduct.

Table 2. Quality and readability of online information on osteoarthritis.

Fulfill JAMAa benchmark criteria, n (%)Producer

DisclosureCurrencyAttributionAuthorship

9 (24)22 (59)9 (24)11 (30)All

3 (21)7 (50)3 (21)0 (0)Not-for-profit (governmental and NGOs; n=14)

1 (25)3 (75)2 (25)1 (50)Professional society (n=4)

5 (33)11 (73)4 (27)8 (53)For-profit organization (n=15)

0 (0)1 (25)1 (25)0 (0)Health care providers (n=4)

aJAMA: Journal of the American Medical Association.

Table 3. Quality and readability of online information on osteoarthritis.

Mean readability scoreProducer

GFIcFKGLbFRESa

9.07.851.4All

9.47.950.8Not-for-profit (governmental and NGOs; n=14)

8.88.249.4Professional society (n=4)

8.67.653.2For-profit organization (n=15)

9.28.248.5Health care providers (n=4)

aFRES: Flesch Reading Ease Score.
bFKGL: Flesch-Kincaid Grade Level.
cGFI: Gunning-Fog Index.

Journal of the American Medical Association
Benchmark Criteria
Each website was checked for compliance with JAMA
benchmark criteria. Overall, 1 of 37 websites (3%) detailed
author, attribution, currency, age, and disclosures. This was
written by a doctor for a for-profit organization. For 23 websites
(62%, 23/37) the author was not reported. Reported
authors/reviewers were doctors (n=8), other health professionals

(n=3), nonmedical author (n=2), and nonspecified medical staff
(n=1). A total of 59% (22/37) of websites recorded the date of
publication or update. The mean content age was 522 days (1.4
years).

The currency of the websites (time of last update or creation,
whichever was most recent) did not significantly vary between

publishing organization types (ANOVA r2=0.05; P=.79; Figure
2). There was no correlation between the search engine ranking
of the website and JAMA score (r=−0.004; P=.97).
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Figure 2. Website age by publishing organization type. Horizontal dash indicates mean and bar represents range. NFP: not for profit; NGO:
nongovernmental organization.

DISCERN Score
The mean DISCERN scores for each of the 16 assessments of
quality are shown in Multimedia Appendix 1. Overall, mean
DISCERN score was 42.3. Thus, the quality of online health
information for OA was “fair” [28], comparing favorably with
the “poor” grading in 2003 [2]. The website with the highest
DISCERN score (61) was Mayo Clinic Patient Care and Health
Information on Osteoarthritis [29]. This website is also
HONcode certified.

There was a significant difference in quality among author types

(ANOVA r2=0.24; P=.03), with nondoctor health professional
authors scoring the highest (mean 52.8 DISCERN score, SD
7.0) and nonmedical authors scoring the lowest (mean 24.0, SD
2.8; Figure 3). There was no correlation between the search
engine ranking of the website and quality, as measured by either
the DISCERN score (Spearman rank-order correlation r=0.05;
P=.78). There was no significant difference in website quality
(by DISCERN score) among publishing organization (ANOVA

r2=0.14; P=.32).

Figure 3. Relationship between website quality and author type. Box and whisker plot with horizontal line representing the median value, the box
representing the interquartile range, and whiskers representing the range.
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Health On the Net Foundation Code of Conduct
Certification
Of 37 websites, 16 (43%) were HONcode certified. HONcode
certification was significantly correlated with website quality
as measured by DISCERN (unpaired 2-tailed t test; P=.001)
and JAMA criteria (P=.02). HONcode certification was not,
however, correlated with readability, as measured by FRES
(P=.32), FKGL (P=.28), or GFI (P=.63) scores.

Rates of HONcode certification varied significantly among

different publishing organization types (ANOVA r2=0.34;
P=.002). This was highest among for-profit organizations (80%),
with health care providers (25%), not-for-profit organizations
(21%), and professional societies (0%) faring worse (Multimedia
Appendix 2).

Discussion

The mean readability of the websites differed somewhat by
scoring technique. GFI indicated a 9th grade reading level. Mean
FRES readability score was at the level of 10th to 12th grade
reading ability, and FKGL score suggested an 8th grade reading
ability. Thus, a large section of these websites exceeded the
recommended 7th to 8th grade levels.

The quality of online OA health information (as per DISCERN
score) has improved from “poor” in a 2003 study to “fair.”
HONcode certification significantly correlated with website
quality. There was a significant difference in quality between
author types. Interestingly, doctors did not rank highest
(although it is possible that they may have authored websites
where the author was not reported). Nondoctor health
professionals scored highest, followed by doctors and
nonmedical authors.

Previous studies have shown that patients are much more likely
to view pages with a higher search engine ranking [16]. We
found no correlation between the search engine ranking of the
website and quality as measured by either the DISCERN score
or JAMA benchmark criteria. This indicates that a higher search
engine ranking is not predictive of higher content quality. There
was also no significant difference in website quality (by
DISCERN score) among publishing organization.

HONcode certification was high relative to similar studies for
other conditions [10,30]. This may reflect the high prevalence
and widespread public interest in OA. HONcode certification
significantly correlated with website quality (as measured by
DISCERN and JAMA criteria), suggesting this certification
may provide both clinicians and patients with a useful aid to
predict high-quality online information.

There were several limitations to this study. Website search
strategy was different from that of the comparative study

performed in 2003 (reflecting the wider variety of website
analytic tools now available and employed in this study). This
reflects the much-changed nature of Web-searching behavior
over the intervening 15 years. This difference in study modality
must be considered when comparing study findings. Although
the number of pages analyzed in this study was limited to those
appearing high up in the search engine order, this reflects
previously researched patient-research patterns, where pages
beyond 25 are rarely viewed [16]. Analyzing additional pages
may provide additional statistical certainty, but this would not
reflect patient search patterns. A further limitation is the analysis
of only 3 search engines, which could feasibly limit the
applicability of the results. These combined search engines
represent 98% of the target audience’s internet searches;
however, it is unlikely that additional search engine inclusion
in this study would add value [15].

JAMA benchmarks and DISCERN criteria use a methodical
approach to assess quality. Despite this, all such grading
introduces some degree of subjectivity. Ultimately, patients are
the intended target audience for this study. In this study, website
scoring was performed by doctors. Regardless, the DISCERN
criteria was developed for use by either health professionals or
the general public, and numerous peer-reviewed studies have
demonstrated high interrater agreement [27,31,32].

The readability assessment tools are objective and precise for
written text, owing to their computerized calculation. Other
website components, however, such as videos and images, can
also affect understanding, and these are not analyzed using the
readability assessment tools. This limitation has been noted in
previous similar studies [17,33].

Internet use is widespread. As health care providers, it is
important to develop and direct patients toward readable,
high-quality online health information. This study suggests
health care professionals should direct patients to
HONcode-certified websites written by health care professionals,
as these websites were of significantly higher quality. The single
highest quality source is noted to be a patient information
website from the Mayo Clinic [29]. From a policy perspective,
readability remains an important issue. Online health
information for the general public released by US governmental
websites should comply with the National Library of Medicine
guidelines (7th-8th grade reading level) [9]. When creating
websites to provide patient information on OA, authors may
use the JAMA benchmark criteria and DISCERN criteria to
ensure compliance with quality standards. Authors should
consider testing readability levels to ensure the content is
appropriately targeted at a 7th to 8th grade reading level. Finally,
authors should consider HONcode certification to provide an
external assessment of website quality.
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Abstract

Background: Due to a low birth rate and an aging population, Japan faces an increase in the number of elderly people without
children living in single households. These elderly without a spouse and/or children encounter a lack of caregivers because most
sources of care for the elderly in Japan are not provided by private agencies but by family members. However, family caregivers
not only help with daily living but are also key participants in treatment decision making. The effect of family absence on treatment
decision making has not been elucidated, although more elderly people will not have family members to make surrogate decisions
on their behalf.

Objective: The aim is to understand the influence of family absence on treatment decision making by physicians through a
cross-sectional online survey with three hypothetical vignettes of patients.

Methods: We conducted a cross-sectional online survey among Japanese physicians using three hypothetical vignettes. The
first vignette was about a 65-year-old man with alcoholic liver cirrhosis and the second was about a 78-year-old woman with
dementia, both of whom developed pneumonia with consciousness disturbance. The third vignette was about a 70-year-old woman
with necrosis of her lower limb. Participants were randomly assigned to either of the two versions of the questionnaires—with
family or without family—but methods were identical otherwise. Participants chose yes or no responses to questions about whether
they would perform the presented medical procedures.

Results: Among 1112 physicians, 454 (40.8%) completed the survey; there were no significant differences in the baseline
characteristics between groups. Significantly fewer physicians had a willingness to perform dialysis (odds ratio [OR] 0.55, 95%
CI 0.34-0.80; P=.002) and artificial ventilation (OR 0.51, 95% CI 0.35-0.75; P<.001) for a patient from vignette 1 without family.
In vignette 2, fewer physicians were willing to perform artificial ventilation (OR 0.59, 95% CI 0.39-0.90; P=.02). In vignette 3,
significantly fewer physicians showed willingness to perform wound treatment (OR 0.51, 95% CI 0.31-0.84; P=.007), surgery
(OR 0.35, 95% CI 0.22-0.57; P<.001), blood transfusion (OR 0.45, 95% CI 0.31-0.66; P<.001), vasopressor (OR 0.49, 95% CI
0.34-0.72; P<.001), dialysis (OR 0.38, 95% CI 0.24-0.59; P<.001), artificial ventilation (OR 0.25, 95% CI 0.15-0.40; P<.001),
and chest compression (OR 0.29, 95% CI 0.18-0.47; P<.001) for a patient without family.

Conclusions: Elderly patients may have treatments withheld because of the absence of family, highlighting the potential
importance of advance care planning in the era of an aging society with a declining birth rate.

(Interact J Med Res 2019;8(3):e12781)   doi:10.2196/12781
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Introduction

With the progress of a low birth rate and an aging population,
Japan faces an increase of elderly people without children living
in single households. In 2016, 4% of people aged 60 years or
older did not have children and were living alone [1]. These
elderly without spouses and/or children result in a lack of
caregivers because most care for the elderly in Japan is not
provided by private agencies but by family members. Sixty
percent of care is provided by family members living together,
half of which is done by the spouse and the other half by
children or spouses of children [2].

Family caregivers are not only helpers of daily living but are
key participants in the treatment decision making [3]. More
than one-quarter of hospitalized patients lack the capacity to
make decisions about their care because of the illness itself or
chronic cognitive disorders such as dementia. As such, family
members often play the role of surrogates to make decisions on
behalf of the patients [4]. For intensive care unit physicians,
family directives were the fifth most important factor in
withdrawal of life support and valued more than age and
premorbid physical function of patients [5]. However, 16% of
patients in intensive care units and 3% of nursing home residents
had no designated surrogate and no identifiable family members
to speak on their behalf [4,6,7]. In such cases, decisions to limit
life support are generally made by physicians [6,8].

The effect of family absence on physician decision making has
not been elucidated. Therefore, we conducted a cross-sectional
online survey with three hypothetical vignettes of patients to
estimate the influence of family absence on treatment decision
making by Japanese physicians.

Methods

On February 2018, we distributed an online survey via email
to all Japanese physicians registered to the mailing list offering
job information provided by Mediwel Co, Ltd. In Japan,
approximately 60% of physicians take on a part-time job in
addition to their full-time job, and many physicians register to
this mailing list as a source of information. The coverage of the
database is not open to the public, but it is rated as one of the
largest platforms for job-seeking in Japan. This is the first survey
using this mailing list for research. Participation in our survey
was voluntary without any incentives.

For the baseline characteristics, physicians provided their age,
sex, years since graduation, type of institution that they worked
in, number of times they have explained a patient’s condition
to his or her family per year, and specialty. No other personal
information was collected.

Using the online survey, anonymity was secured, and physicians
could answer honestly without fear of reputational risk.

Participants were informed that the aim of the study was to
investigate physicians’ decision making. To avoid biases, we
did not mention the survey purpose was to investigate the effect
of family absence. Participants were randomly assigned to either
of two versions of the vignettes: without family (pattern A) or

with family (pattern B). Each pattern included three vignettes;
these were identical except for the description of family presence
or absence. Allocation was randomized through the A/B testing
function of the mail delivery system, which is often used in
internet marketing to compare two versions of a webpage. The
deadline for answers was one week later.

Details of the vignettes are shown in Multimedia Appendices
1 and 2. Briefly, the first vignette described a 65-year-old man
with alcoholic liver cirrhosis, and the second described a
78-year-old woman with advanced dementia. Both of these
patients developed pneumonia with impairment of consciousness
and were taken to a hospital by an ambulance. In vignettes 1
and 2, patients did not have an advanced directive, and their
preferences for treatment were unknown. The third vignette
described a 70-year-old woman with necrosis of her lower limb,
which needed amputation to save her life. The patient did not
want amputation nor cardiopulmonary resuscitation. However,
in pattern B, the woman’s family wanted all possible treatments
even though the patient refused to receive the procedures. To
each vignette, respondents chose yes or no answers to questions
for approximately 10 medical procedures about whether they
would perform procedures necessary for the patient.

The primary endpoint was not set because there were no similar
previous studies. This was intended as an exploratory survey,
but we targeted for at least 100 participants in each pattern. All
acquired data were analyzed, and no kinds of sampling were
performed. Statistical analyses were performed using R version
3.3.3 (R Foundation for Statistical Computing, Vienna, Austria).
Between patterns A and B, differences in age and years since
graduation were tested by Student t tests; other baseline
characteristics were tested by chi-square tests. Physicians’
choices were compared between patterns A and B for each
procedure by chi-square tests and Fisher exact tests. Subanalyses
investigating differences in sex, experience, and type of
institution were performed for procedures that showed
significant differences between patterns A and B. Experienced
physicians were defined as aged 41 years or older. Univariate
analysis was performed, and factors related to withholding of
artificial ventilation were identified. All variables with a P value
<.10 in the initial univariate analysis were considered a potential
influencing factor in the multivariate logistic regression model.
A P value of <.05 was considered statistically significant. This
study was approved by the institutional review board of the
Medical Governance Research Institute, Tokyo, Japan.

Results

Among 1112 physicians who opened the link attached to the
invitation email, 454 (40.8%) physicians completed the survey.
There were no significant differences in the baseline
characteristics between groups (Table 1). In vignette 1, for a
patient without family compared with a patient with family,
significantly fewer physicians were willing to perform dialysis
(odds ratio [OR] 0.55, 95% CI 0.34-0.80; P=.002) and artificial
ventilation (OR 0.51, 95% CI 0.35-0.75; P<.001). In vignette
2, fewer physicians were willing to perform artificial ventilation
(OR 0.59, 95% CI 0.39-0.90; P=.02; Figure 1). Similarly, in
vignette 3, significantly fewer physicians were willing to
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perform wound treatment (OR 0.51, 95% CI 0.31-0.84; P=.007),
surgery (OR 0.35, 95% CI 0.22-0.57; P<.001), blood transfusion
(OR 0.45, 95% CI 0.31-0.66; P<.001), vasopressor (OR 0.49,
95% CI 0.34-0.72; P<.001), dialysis (OR 0.38, 95% CI
0.24-0.59; P<.001), artificial ventilation (OR 0.25, 95% CI
0.15-0.40; P<.001), and chest compression (OR 0.29, 95% CI
0.18-0.47; P<.001) for a patient without family.

As shown in Table 2, male physicians significantly withheld
all 10 procedures in patients without family. For female
physicians, the odds ratios of all 10 procedures were less than
1, but only a few procedures were statistically significant. This
was probably because there were fewer female participants
compared with male participants in this study (n=84 and n=370,
respectively). Table 3 shows that experienced physicians
significantly withheld all 10 procedures in patients without

family. For nonexperienced physicians, odds ratios of all 10
procedures were less than 1, but only a few procedures were
statistically significant. As shown in Table 4, physicians working
at a non-acute care hospital significantly withheld all 10
procedures in patients without family. In physicians working
at an acute care hospital, the odds ratios of all 10 procedures
were less than 1, but only a few procedures were statistically
significant.

As shown in Table 5, in univariate analysis, years since
graduation and pattern were found to be associated with
withholding artificial ventilation in vignette 1. Institution and
pattern were significant in vignette 2, and only pattern was
significant in vignette 3. In a multivariate analysis, pattern was
the only factor that was associated with withholding artificial
ventilation through all vignettes.

Table 1. Baseline characteristics of study participants (N=454).

P valueFamily (n=216)No family (n=238)Variable

>.99176 (81.5)194 (81.5)Male, n (%)

.5445.1 (9.5)45.7 (10.2)Age (years), mean (SD)

.4219.1 (9.1)19.8 (9.9)Years since graduation, mean (SD)

.20Institution, n (%)

132 (61.1)132 (55.5)Acute care hospital

48 (22.2)51 (21.4)Clinic

26 (12.0)32 (13.4)Chronic care hospital

10 (4.6)23 (9.7)Other

.75Number of times they have explained patient’s condition to his or her family per year, n (%)

11 (5.1)13 (5.5)0

37 (17.1)32 (13.4)1-6

19 (8.8)22 (9.2)7-12

149 (69.0)171 (71.8)13 or more

.11Specialty, n (%)

88 (40.7)95 (39.9)Internal medicine

14 (6.5)27 (11.3)Surgery

11 (5.1)24 (10.1)Orthopedics

14 (6.5)18 (7.6)Psychiatry

89 (41.2)74 (31.1)Others
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Figure 1. Differences in physicians’ decision-making patterns between the presence and absence of family for critically ill patients. *P<.05, **P<.01,
***P<.001.
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Table 2. Odds ratios of performing procedures in pattern A (without family present) versus pattern B (with family present) by sex (N=454).

Female (n=84)Male (n=370)Vignette and procedure

P valueOdds ratio (95% CI)P valueOdds ratio (95% CI)

Vignette 1

.510.69 (0.29-1.64).0020.52 (0.34-0.78)Dialysis

.390.67 (0.28-1.58)<.0010.48 (0.32-0.73)Artificial ventilation

Vignette 2

.490.70 (0.28-1.76).020.57 (0.35-0.91)Artificial ventilation

Vignette 3

.550.64 (0.19-2.16).010.48 (0.28-0.84)Wound treatment

.060.30 (0.09-0.95)<.0010.36 (0.21-0.62)Surgery

.030.36 (0.14-0.88)<.0010.48 (0.31-0.72)Blood transfusion

.040.37 (0.14-0.92).0020.52 (0.34-0.79)Vasopressor

.340.61 (0.23-1.61)<.0010.34 (0.2-0.55)Dialysis

.060.30 (0.09-0.95)<.0010.23 (0.14-0.41)Artificial ventilation

.040.29 (0.1-0.86)<.0010.29 (0.17-0.49)Chest compression

Table 3. Odds ratios of performing procedures in pattern A (without family present) versus pattern B (with family present) by experience (N=454).

Nonexperienced (n=165)Experienced (n=289)Vignette and procedure

P valueOdds ratio (95% CI)P valueOdds ratio (95% CI)

Vignette 1

.530.80 (0.44-1.48)<.0010.43 (0.26-0.71)Dialysis

.160.63 (0.34-1.16).0010.46 (0.29-0.74)Artificial ventilation

Vignette 2

.390.73 (0.37-1.44).020.52 (0.30-0.90)Artificial ventilation

Vignette 3

.670.78 (0.34-1.78).0040.40 (0.21-0.76)Wound treatment

.080.49 (0.22-1.08)<.0010.29 (0.16-0.53)Surgery

.120.59 (0.32-1.10)<.0010.39 (0.24-0.63)Blood transfusion

.160.62 (0.33-1.16)<.0010.43 (0.26-0.69)Vasopressor

.120.56 (0.28-1.13)<.0010.30 (0.17-0.53)Dialysis

.020.39 (0.18-0.87)<.0010.19 (0.10-0.35)Artificial ventilation

.030.42 (0.19-0.93)<.0010.24 (0.13-0.43)Chest compression
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Table 4. Odds ratios of performing procedures in pattern A (without family present) versus pattern B (with family present) by type of institution
(N=454).

Non-acute care hospital (n=190)Acute care hospital (n=264)Vignette and procedure

P valueOdds ratio (95% CI)P valueOdds ratio (95% CI)

Vignette 1

.010.43 (0.24-0.78).110.65 (0.40-1.06)Dialysis

.0030.41 (0.23-0.74).050.59 (0.36-0.97)Artificial ventilation

Vignette 2

.040.49 (0.26-0.95).210.67 (0.38-1.17)Artificial ventilation

Vignette 3

.0010.25 (0.11-0.59).740.85 (0.44-1.63)Wound treatment

.0040.31 (0.14-0.67).0030.39 (0.21-0.71)Surgery

.0020.37 (0.21-0.68).020.53 (0.32-0.88)Blood transfusion

<.0010.35 (0.19-0.63).130.65 (0.39-1.08)Vasopressor

<.0010.30 (0.15-0.60).010.45 (0.26-0.79)Dialysis

<.0010.25 (0.12-0.52)<.0010.23 (0.12-0.46)Artificial ventilation

<.0010.25 (0.12-0.51)<.0010.33 (0.18-0.61)Chest compression
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Table 5. Factors associated with withholding of artificial ventilation.

Multivariate analysisUnivariate analysisVignette and factors

P valueOdds ratio (95% CI)P valueOdds ratio (95% CI)

Vignette 1

—a.11Sex

—1Female

—1.47 (0.91-2.37)Male

—.08Age

—1<41

—1.44 (0.98-2.12)≥41

.03.03Years since graduation

11<17

1.54 (1.05-2.25)1.55 (1.06-2.25)≥17

—.13Institution

—1Acute care hospital

—0.76 (0.48-1.2)Clinic

—1.66 (0.93-3.05)Chronic care hospital

—0.82 (0.39-1.7)Others

—.89Number of explanations

—10

—1.09 (0.43-2.78)1-6

—1.41 (0.51-3.93)7-12

—1.12 (0.84-2.25)≥13

—.30Department

—1Internal medicine

—0.82 (0.41-1.61)Surgery

—2.07 (0.98-4.62)Orthopedics

—1.38 (0.65-3.03)Psychiatry

—1.03 (0.68-1.58)Others

<.001<.001Pattern

11A (without family)

0.51 (0.35-.75)0.51 (0.35-0.74)B (with family)

Vignette 2

—.29Sex

—1Female

—1.37 (0.81-2.29)Male

—.37Age

—1<41

—1.25 (0.81-1.92)≥41

—.28Years since graduation

—1<17

—1.29 (0.85-1.97)≥17

—.009Institution

11Acute care hospital
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Multivariate analysisUnivariate analysisVignette and factors

P valueOdds ratio (95% CI)P valueOdds ratio (95% CI)

.100.66 (0.40-1.10)0.67 (0.40-1.11)Clinic

.022.84 (1.25-7.67)2.89 (1.27-7.78)Chronic care hospital

.160.57 (0.26-1.29)0.64 (0.3-1.43)Others

—.11Number of explanations

—10

—0.67 (0.22-1.83)1-6

—2.40 (0.64-9.38)7-12

—0.95 (0.34-2.36)≥13

—.97Department

—1Internal medicine

—0.89 (0.42-1.99)Surgery

—1.10 (0.48-2.75)Orthopedics

—0.83 (0.37-2.02)Psychiatry

—0.88 (0.54-1.43)Others

.01.02Pattern

11A (without family)

0.56 (0.36-0.87)0.59 (0.39-0.90)B (with family)

Vignette 3

—.85Sex

—1Female

—0.91 (0.49-1.60)Male

—.79Age

—1<41

—0.91 (0.57-1.45)≥41

—.68Years since graduation

—1<17

—0.88 (0.56-1.39)≥17

—.42Institution

—1Acute care hospital

—0.74 (0.43-1.28)Clinic

—1.43 (0.69-3.28)Chronic care hospital

—0.79 (0.35-1.96)Others

—.21Number of explanations

—10

—1.84 (0.67-4.93)1-6

—2.47 (0.8-7.86)7-12

—2.4 (0.97-5.65)≥13

—.65Department

—1Internal medicine

—2.01 (0.80-6.15)Surgery

—0.94 (0.41-2.37)Orthopedics

—1.00 (0.42-2.65)Psychiatry
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Multivariate analysisUnivariate analysisVignette and factors

P valueOdds ratio (95% CI)P valueOdds ratio (95% CI)

—0.92 (0.56-1.53)Others

<.001<.001Pattern

11A (without family)

0.25 (0.15-0.4)0.25 (0.15-0.40)B (with family)

aNot applicable.

Discussion

Physicians withheld artificial ventilation for a patient without
family through all three vignettes. Males, both experienced and
those working at non-acute care hospitals, had a tendency to
withhold medical procedures. Multivariate analysis showed the
absence of family was the only significant factor associated
with physicians’ decision making regarding withholding
artificial ventilation.

Withholding of artificial ventilation for a patient without family
may be because discontinuation of mechanical ventilation is
not legally authorized in Japan, and physicians are concerned
about unresponsive wakefulness syndrome. Further, physicians
may apply their preference to a lonely, incapacitated patient. In
Japan, only 5% of people have an advance directive, and 73%
of people die in hospital [9,10]. The attending physician at the
end of life is often different from the usual family doctor and
has little chance to know the preference of the incapacitated
patient without relatives. Fewer physicians would want to
receive cardiopulmonary resuscitation (CPR) at the end of life
compared with the general public. A survey by the Japanese
government in 2018 reported that the percentage of people in
the general public who did not want CPR in case of terminal
cancer, severe heart disease, and advanced dementia was 69.2%,
67.4%, and 71.9%, respectively; however, this was 89.3%,
87.6%, and 90.1%, respectively, among physicians [10].

There is also a possibility that physicians provide unnecessary
medical intervention to patients with family to satisfy their
sentiment and avoid litigation. In vignette 3, 30% of physicians
answered that they would prioritize the will of the family over
the will of the patient and perform invasive procedures such as
surgery or CPR. Under traditional Japanese culture, patients’
self-determination is sometimes in subordination to the will of
the family; the Act on Organ Transplantation in Japan prohibits

using organs of patients whose family members refused to offer,
even when the patient themselves have a will to donate and
have a donor card. As well, a previous study reported that among
934 patients with end-stage heart failure, only 4.7% of patients
participated in end-of-life conversations with attending
physicians and declared their preferences; surrogates made
medical care decisions in 95.3% of cases [11].

Our study has some limitations. First, the patients were
hypothetical; thus, this study does not demonstrate effects in
daily clinical practice. Second, the response rates of online
surveys tend to be lower than the response rates of face-to-face
surveys [12-14]. Third, compared with the entire population of
physicians in Japan, we assumed that fewer physicians in our
study were working in a clinic, aged 20 to 29 years, or 60 years
and older. However, this limitation would not considerably
affect our main findings because approximately 74% of Japanese
die in a hospital, and the last decisions regarding patient care
are made in the hospital [15]. Further, physicians aged 20 to 29
years in training and 60 years or older in a supervising position
do not usually work as an attending physician. Fourth, the
majority of respondents were male, and this deviation can
influence decision-making patterns [16]. Fifth, the view of death
depends on the culture, and our results cannot be generalized
to other countries directly. However, in the United States, it is
estimated that there will be more than 2 million adults aged 70
years and older who have outlived all their friends and family
members by 2030, so the implications of this survey do cross
borders [4].

In conclusion, our findings suggest that elderly patients may
sometimes be submitted to unwanted treatment due to the
influence of family members or may have treatments withheld
due to the absence of family. This highlights the potential
importance of advance care planning in this era of an aging
society with a declining birth rate.
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