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Abstract

Background: Internalizing disorders are the most common psychiatric problems observed among youth in Canada. Sadly, youth
with internalizing disorders often avoid seeking clinical help and rarely receive adequate treatment. Current methods of assessing
internalizing disorders usually rely on subjective symptom ratings, but internalizing symptoms are frequently underreported,
which creates abarrier to the accurate assessment of these symptomsin youth. Therefore, novel assessment toolsthat use objective
data need to be developed to meet the highest standards of reliability, feasibility, scalability, and affordability. Mobile sensing
technologies, which unobtrusively record aspects of youth behaviors in their daily lives with the potential to make inferences
about their mental health states, offer a possible method of addressing this assessment barrier.

Objective: This study aimsto explore whether passively collected smartphone sensor data can be used to predict internalizing
symptoms among youth in Canada.

Methods: In this study, the youth participants (N=122) completed self-report assessments of symptoms of anxiety, depression,
and attention-deficit hyperactivity disorder. Next, the participants installed an app, which passively collected data about their
mohility, screen time, sleep, and social interactions over 2 weeks. Then, we tested whether these passive sensor data could be
used to predict internalizing symptoms among these youth participants.

Results: More severe depressive symptoms correlated with more time spent stationary (r=0.293; P=.003), lessmohility (r=0.271;
P=.006), higher light intensity during the night (r=0.227; P=.02), and fewer outgoing calls (r=-0.244; P=.03). In contrast, more
severe anxiety symptoms correlated with less time spent stationary (r=-0.249; P=.01) and greater mobility (r=0.234; P=.02). In
addition, youths with higher anxiety scores spent more time on the screen (r=0.203; P=.049). Finally, adding passively collected
smartphone sensor data to the prediction models of internalizing symptoms significantly improved their fit.

Conclusions: Passively collected smartphone sensor data provide a useful way to monitor internalizing symptoms among youth.
Although the results replicated findings from adult populations, to ensure clinical utility, they still need to be replicated in larger
samples of youth. Thework also highlightsintervention opportunities viamobil e technol ogy to reduce the burden of internalizing
symptoms early on.

(JMIR Mhealth Uhealth 2021;9(10):€20638) doi:10.2196/20638
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Introduction

Background

Internalizing disorders are the most common psychiatric
problems among youth in Canada, with an estimated 6-month
prevalence of 11% to 14% and more girls being affected than
boys [1]. Over the last 3 decades, a steep increase in the
prevalence of internalizing disorders has been observed;
unfortunately, this trend is likely to continue [1]. Internalizing
disorders typicaly have an early onset in childhood or
adolescence and are characterized by high rates of relapse and
chronicity, often resulting in substantial impairment across the
lifespan. They are among thetop 10 global causes of yearslived
with disability [2], and severely affect psychosocia development
[1], family and socia functioning, long-term health outcomes
[3], and increased therisk of death by suicide[4]. Unfortunately,
only 20% of youth with these disorders receive adequate mental
health care [5]. If health professionals cannot predict and
efficiently prevent new onset and poor outcomes of internalizing
disorders in youth, then this field faces a crisis. Particularly,
intervening at critical moments—that is—during mental health
crises, including times of risk of suicide, self-harm, psychotic
breakdown, substance use relapse, bullying, and interpersonal
loss can have amajor impact on improving youth mental health.

Current methods of predicting internalizing disorders usually
rely on subjective symptom ratings obtained at discrete time
points during routine clinical care (eg, clinical monitoring and
screening). However, clinical decision-making based on such
subjective information is challenging, as changesin symptoms
might be subthreshold, context-dependent, or too subtle to be
captured using subjective patient ratings. Symptom recall in
patients might also not be accurate, potentially biased by current
symptom severity [6] and environmental stressors[7]. Moreover,
subjective self-reports often fail to reflect symptom variability
and context reactivity. Therefore, novel prediction tools need
to be developed to meet the highest standards of reliability,
feasibility, scalability, and affordability. Given the large
proportion of youths who experience mental health crises and
do not receive treatment [8], these prediction tools must also
encompass those who are not in traditional mental health care.

The recent proliferation of mobile sensing technologies offers
health care professional s unprecedented access and insightsinto
youth behavior and mood. Of profound clinical importance is
the ability of these technologiesto unobtrusively record aspects
of youth behaviorsin their daily lives with the potential to make
inferences about their mental health states [9]. Crucially, these
technologies make it possible to obtain detailed
moment-by-moment information on youth behaviors and mood
while requiring only minimal, if any, active involvement of the
users [10]. Smartphones may be especially helpful prediction
tools, not only because they afford a wide variety of types of
behavioral data that can be automatically recorded by their
built-in sensors, but aso because they are integral to ayouth’s
life and nearly 80% of youths own at least 1 smartphone. Thus,
smartphones might allow long-term clinical monitoring of
internalizing disorders at low cost and high scalability.
Collecting high-quality, passive mobile sensing data might
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further enable the generation of predictive algorithmsfor solving
previoudly intractable problems and identifying risk states before
they manifest as full-blown internalizing disorders.

Previous Work

The utility of mobile sensing approachesto predict internalizing
symptoms has been examined in multiple studies involving
adult populations. Severa mobile sensor features mirror
internalizing symptoms in these studies [11-14]. In particular,
GPS data have been shown to be of value in the prediction of
internalizing symptoms. For example, the number of different
locations visited was found to be negatively associated with
socia anxiety [11,12] and depression [15-17]. Study participants
with social anxiety and depression were also found to avoid
public areas and engage in less leisure activities, choosing
instead to spend moretime at home after school [11,12]. Studies
exploring phone use data have reported the number of outgoing
calls and messages to negatively correlate with internalizing
symptoms [13,15,18]. In addition, ambient light data, an
indicator of quality of sleep, were found to be associated with
internalizing symptoms[19]. However, to date, mobile sensing
studies in the context of youth have been limited [20]. We are
only aware of a small pilot study exploring the utility of an
Android mobile sensing app among 11 youth patients diagnosed
with a major depressive disorder [21]. In that study, the daily
number of steps, SMS frequency, and average call duration
across a 2-week window were found to be highly correlated
with the clinical symptoms of depression. However, in contrast
to many studies among adults [17,22], clinical symptoms of
depression correl ated positively with entropy among youth [21].
This is in line with findings from Jongs et a [22], who aso
described strong age-related differences in entropy and other
GPS-related measures of mobility in asampleaged 18-90 years.
Similarly, phone use patterns have been shown to vary between
youths and adults. Using amobile sensing approach, Christensen
et al [23] observed that younger age was significantly associated
with more screen time. Importantly, screen time has been
suggested to be differentially related to internalizing symptoms
across age groups [24]. Thus, it isimportant to explore whether
the mobile sensor features found to mirror internaizing
symptomsin adults also predict such symptoms in youth.

Study Aims

Accordingly, this study aims to test the utility of passively
collected smartphone sensor data (ie, incoming and outgoing
calls, text messages, and GPS data), gathered over 14 days via
a mobile sensing app, as the predictors of internalizing
symptoms in youth. Studies have shown that internalizing
symptoms are common in the general population [25], and the
combination of patient and general population samples is
meaningful for examining this pathology on a continuum.
Therefore, this study aimsto collect datafrom both clinical and
nonclinical youth populations. Moreover, the study also uses a
mobile sensing app that works on both iOS and Android
operating systems, ensuring the generalizability of our results.
By including iOS and Android users from clinica and
nonclinical settings, we have advanced theinclusivity of current
mobile sensing studiesin youth [21]. In addition, we hypothesize
that mobile sensing data will be associated with internalizing
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symptoms among youths aged 10-21 years. As outlined, the
only study using mobile sensing to predict internalizing
symptomsin youth included only 11 participants, thusrequiring
further evaluation in alarger and more diverse sample. Thisis
especialy important as studies have suggested age-related
differences in maobile sensing patterns. In contrast to previous
studies, we also aim to correct for clinical comorbidities, thus
enabling the identification of symptom-specific associations of
mobile sensing data. Finally, given the novel nature of these
data, we have some exploratory aims, namely, whether the data
indicate any nuanced biomarkers that may be worth examining
in future iterations of this work.

Methods

Overview

Youth participants from clinical and nonclinical populations
were recruited for a 14-day observational study, in which a
custom app was installed on their personal Android or i0OS
phone. Self-report measures of anxiety and depression were
collected at the beginning of the study. Throughout the duration
of the study, the smartphone app passively recorded multiple
indices of the youths' daily life behaviors in an unobtrusive
manner. The indices were selected based on findings that
demonstrated their potential to make inferences about mental
health states[26,27]. Theseindicesincluded geolocation, sleep,
phone use, cals, and messages. A set of featureswere designed
and used to extract higher-level information from these data.
Statistical analyses were performed to determine whether a
significant relationship existed between participants
self-reported symptoms of anxiety or depression and these
features. The Sciences Research Ethics Board of the |zaak
Walton Killam Health Centrein Halifax, (Nova Scotia, Canada)
approved this study, which also included the collection of
location data.

Study Procedure

Youth were recruited via posters and social media from the
outpatient psychiatry clinic at Izaak Walton Killam Health
Centre and the local community in Halifax between February
2020 and July 2020. Youthsinterested in the study werereferred
over a link to the lab’'s screening page. The study inclusion
criteriawere as follows: subjects should (1) be between 10 and
21 yearsold, (2) residein Canada, (3) befluent in English, and
(4) have an Android or iOS phone that would be in use as the
primary mobile phone during the study period (14 days). There
were no exclusion criteria for this study. Youth participants
who met the inclusion criteria could read a description of the
study, which included an informed consent guide. There was
no deception nor were the study aims omitted for the
participants. All participants provided written informed consent
before participation. For youths aged 14 or younger, we
required, in addition to their own assent, one of their parentsto
consent to their study participation. After providing consent,
the participants were asked to complete a short web-based
survey regarding their clinical symptomatology.

Next, the youth participants were sent instructionsto install the
app and provided with individualized log-in credentials for
using it. Onceinstalled, the study app guided the youthsthrough
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ashort setup, during which they were asked to provide the app
with the necessary permissions to access their data, followed
by alog-in. Immediately following the setup and log-in, the app
began to continuoudly collect datain the background. No further
actions or interactions with the study app were performed until
the end of the study, and data were uploaded for 14 days. At
this time, the youths received a notification, informing them
that the study had ended and directed them to uninstall the app
from their phone. A study ID was assigned to each participant,
and documents connecting the ID and the participant’s name,
demographics, and clinical data were kept separate. The data
on the phone were anonymous and only identifiable through
the participants’ study 1D. To encourage youths to participate
in our study, we offered them amonetary reward of Can $20.00
(US$15.82). The REDCap (Research Electronic Data Capture)
platform [28] was used for web-based screening, consent, and
clinical surveys. REDCap isasecured web-based app that allows
researchers to collect, store, and manipul ate research data.

Sdf-report Assessment

Youth participants completed two self-report measures of
internalizing symptoms in digital form at the beginning of the
14-day study. Anxiety symptomswere assessed using the Screen
for Child Anxiety-Related Emotional Disorders (SCARED)
[29]. SCARED isaself-report instrument for children and their
parents, including 41 items that screen for several types of 4
anxiety disorders, namely, generalized anxiety disorder,
separation anxiety disorder, panic disorder, and socia anxiety
disorder [30]. Both the child and parent versions of SCARED
in clinical samples demonstrated good internal consistency
(0=.74-.93), test-retest reliability (intraclass correlation
coefficients 0.70-0.90), and discriminative validity (both
between anxiety and other disorders and within anxiety
disorders) [29,30]. We administered a 33-item version of
SCARED, excluding items related to separation anxiety
disorders.

Depression symptoms were assessed using the Center for
Epidemiological Studies Depression Scale for Children
(CES-DC), which includes 20 items. CES-DC screens for
behavioral and cognitive components of depression [31]. The
sensitivity of the CES-DC is 85% and can be considered good
[32]. In addition, the CES-DC showed results similar to the
results of other highly validated instruments [ 33,34].

To beableto adjust for comorbid externalizing symptomatol ogy,
we aso required the youths to complete the Adult
Attention-Deficit Hyperactivity Disorder Self-Report Scale
(ASRS) with adolescent prompts. On the basis of an 18-item
scale, the ASRS assesses hyperactivity or impulsivity and
inattentiveness symptoms. The ASRS demonstrated a good
internal consistency (0=.80) and reliability (a=.79) in adolescent
samples[35]. The SCARED, CES-DC, and ASRSinstruments
asked youth participants to evaluate their symptoms over the
past 3 months.

Smartphone Data Collection

A mobile sensing app was designed and created to collect all
the study data. The PROSIT (Predicting Risk and Outcomes of
Social Interactions) tool captures multiple indices of ayouth’'s
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daily life behaviors via the naturalistic use of a smartphone
(Figure 1). In this study, we used the following features of the
PROSIT tool: first, the tool collected GPS data every time the
youths moved within a 20-meter radius, preventing the
identification of their home address or precise geographical
location to preserve privacy. Second, the app logged call events
(ie, time and date of the call, duration, and contact of both
incoming and outgoing calls), and screen on or off events (ie,
time and date). Finally, we sampled ambient light data as an
indicator of sleep using the PROSIT tool. Calls and phone use
were event-based sensor streams, whereas GPS and ambient
light data were sampled as time series. Upon installation, the
PROSIT tool continuously ran in the background and collected
sensor and use data. The datawere first stored locally and then
automatically uploaded every hour to aremote server when the
phone was in an idle state, and the Wi-Fi was connected. To
protect user privacy, all collected sensitive personal data, such
as contact details (ie, names and phone numbers), were

Figure 1. Sensorsused to capture behavioral traits.
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anonymized during data collection by the app through the
built-in cryptographic hash functions, thus guaranteeing that
user identity was never recorded either locally or remotely. As
the tool is not yet distributed through the official mobile app
stores from Apple and Google, a TestFlight-based distribution
for iOS and downloadable Android packages for Android was
used in this study. The iOS version of the tool was built in the
native Swift language using XCode 13 (Apple), whereas the
Android version was built using Java and Kotlin languages
using Android Studio 4.1 (Google). Importantly, the PROSIT
tool also captured steps, notifications, installed apps, app use
time, typed text, and music listened to. However, we decided
not to include these measures in the current analyses, as these
datawere dlightly differently sampled among Android and iOS
users because of certain iOS-specific restrictions. More
information on the PROSIT tool is presented in Multimedia
Appendix 1[13,36-50].

Calls

Magnetometer

)

Gyroscope

b @

Keyboard

i

Proximity

Humidity

Blfh ' m

SMS

Location

Connectivity -

Temperature

Participant

A total of 161 youth participants downloaded the PROSIT tool
into their phone, 6.8% (11/161) withdrew from the study (only
3/161, 1.8% dueto privacy concerns), 15.5% (25/161) provided
lessthan 14 days of data, and 1.8% (3/161) did not provide data
on sensors relevant to this study. Therefore, this study focused
on 75.7% (122/161) of theinitial youth participants.
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Youth participants were, on average, 18 (SD 2.76) years old
and 78.6% (96/122) were female. A total of 5.7% (7/122)
participants identified themselves as indigenous, 5.7% (7/122)
asblack Canadian, 6.5% (8/122) as Asian, and the other 81.9%
(100/122) were identified as non-Hispanic Caucasians. As a
marker of the youths socioeconomic status, we obtained
information on maternal education: 4.1% (5/122) of the youths
mothers had not finished high school, 14.7% (18/122) had
finished high school, 23.7% (29/122) had received further
education, 54.1% (66/122) had attended university, and 3.2%
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(4/122) caseslacked thisinformation. A total of 78.6% (96/122)
youthswereiOSusersand 21.3% (26/122) were Android users.
Intotal, 24.5% (30/122) of the youth participants had alifetime
diagnosis of depression, 31.9% (39/122) had alifetimediagnosis
of generalized anxiety disorder, and 9.8% (12/122) had alifetime
diagnosis of social phobia. Regarding the self-report measures
of internalizing symptoms, SCARED mean 33.02 (SD 14.79)
and range 3-62, the CES-DC mean 32.59 (SD 15.23) and range
1-58. During the study period, 9.8% (12/122) youths were
diagnosed with depression, 11.4% (14/122) were diagnosed
with generalized anxiety, and 4.9% (6/122) were diagnosed
with socia phobia. Finally, we excluded two participants from
the call analyses and one participant from the GPS analyses, as
they were extreme outliers.

Feature Extraction

Raw unobtrusive mobile sensing data with respect to mohility,
socia interactions, phone use, and sleep were aggregated into
daily summaries. As outlined above, we logged each GPS data
point when the displacement from thelast point was larger than
20 m. From these data, we extracted the number of locations
visited per hour for at least 2 minutes. The distance between
stationary states is defined by the Haversine distance function,
which calculates the distance between a pair of coordinates
denoted by latitude and longitude. We extracted the total
distance traveled (times traveled a day), normalized entropy,
and time spent at onelocation (ie, stationary at work or at home),
2-9 locations (ie, moving), and over 10 locations (ie,
transportation) per hour for each participant on a daily basis.
Normalized entropy was defined as

Normalized Entropy = -3, plog pi(2) / log N (1)

where each i=1, 2,..., N represented a location cluster (in a
150-m radius), N denoted the total number of location clusters,
and p; was the percentage of time the participant spent at the
location cluster i. High entropy indicated that the participant
spent time more uniformly across different location clusters,
whereas|ower entropy indicated agreater inequality in thetime
spent acrossthe clusters. Unlike entropy, the normalized entropy
isinvariant to the number of clusters; thus, it depends solely on
the distribution of the visited location clusters. The value of
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normalized entropy ranges from 0 to 1, where O indicates that
all location data points belong to the same cluster, and 1 implies
that they are uniformly distributed across all clusters. For each
phone call, welogged the timestamp, type (incoming, outgoing,
and missing), and duration. For each user, we computed the
total number of phone calls (connected, incoming, and outgoing)
and total call duration on a daily basis. The raw mobile phone
screen on or off events were transformed into two features: (1)
the total number of times the screen was turned on per day and
(2) the total amount of screen time per day (calculated as the
difference between the number of screen on or off events). From
the ambient light data, we logged changesin light intensity and
calculated the time spent at each light intensity level. Next, we
computed the total average light intensity, time spent in the
lowest and highest light intensity ranges during nighttime per
day (11 PM-7 AM), which was used as an indicator of sleep
quality.

Statistical Analysis

After completing feature extraction and exclusion of extreme
outliers, we performed the Spearman correlation analysis of
sensor data over 14 days with SCARED and CES-DC scores
of youth participants at adimensiona level. All analyses were
adjusted for age, sex, and maternal education as the indicators
of socioeconomic status, comorbidities, and the smartphone
operating system. In addition, we included the month of
assessment to account for potential impact of the pandemic on
theresults. We al so fitted linear regressors by comparing models
with and without passively collected smartphone sensor data
as predictors. Finally, we assessed the discriminant validity of
the predicted internalizing symptoms; for example, we ran
correlations between the SCARED scoresbased on smartphone
biomarkers and CES-DC and ASRS scores.

Results

Mobile Sensing Data Char acteristics

The mean and SD of mobile sensing features across youth
participants are presented in Table 1. To predict the assessment
of internalizing symptoms (SCARED and CES-DC), we used
averages across individuals as predictor variables.
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Table 1. Descriptive statistics of mobile sensor data and features.

MacLeod et al

Feature Values, mean (SD)
M obility

Time sedentary 18.82 (3.60)

Time moving 4.02 (3.56)

Distance traveled 6.01 (3.56)

Entropy 0.48 (0.20)
Social interaction

Call duration 15.22 (13.63)

Incoming cals 1.81(0.94)

Outgoing calls 2.11(1.20)

Connected calls 2.30(1.25)
Phone usage

Screen usetime 249.58 (109.28)

Screen use unlocks 53.66 (38.71)
Sleep

Ambient light intensity 304,883 (95,828)
Clinical symptoms

SCARED? 33.02 (14.79)

CESDCP 3259 (15.23)

8SCARED: Screen for Child Anxiety-Related Emotional Disorders.

bCES-DC: Center for Epidemiologica Studies Depression Scale for Children.

Relationship Between Smartphone Data and
Psychometric Scores

We used the pairwise Spearman coefficient as an indicator of
the correlations between mobile sensing data and clinical
self-report measures of internalizing symptoms (SCARED,
CES-DC). The mobile sensing data were represented by
mobility, social interaction, phone use, and sleep-related features
extracted using methods described in Feature Extraction and
Statistical Analysis of the Methods section. The analysis and
correlations are shown in Tables 2 and 3.

Table 2 shows the correlations between mobility and
internalizing symptom scores, where mobility is captured using
GPS data. From the table, we observe that youths with more
severe depression and higher CES-DC scores spent more time
stationary (r=0.293; P=.003) and were significantly lessmobile
(r=—0.271; P=.006). In contrast, less time spent stationary
(r=—0.249; P=.01) and higher mobility (r=0.234; P=.02) were

associated with more anxiety symptoms as measured by
SCARED. No correlations between normalized entropy values
and internalizing symptoms were observed.

The correlations of socia interactions, phone use, and
sleep-related features with internalizing symptom scores are
shown in Table 3. The results indicate that higher depression
scores are significantly correlated with lower socia interaction
levels, such as fewer outgoing phone calls (r=-0.223; P=.03).
Higher anxiety scores a so correl ated with fewer outgoing phone
cals (r=—0.293; P=.003); however, this correlation became
insignificant after adjusting for comorbid depression (r=—0.069;
P=.50). In addition, higher ambient light intensity during the
night, which isaproxy for poorer sleep quality, was correlated
with higher depression scores (r=0.227; P=.02), but not anxiety
scores (r=—0.15; P=.12). Conversely, higher smartphone screen
use was only correlated with higher anxiety scores (r=0.203;
P=.049).

Table 2. Spearman correlation coefficients between internalizing symptoms and mobility features.

Feature Anxiety Depression

Correlation coefficient (r) P value Correlation coefficient (r) P value
Distance travelled 0.230 .02 -0.271 .006
Time moving -0.248 .01 0.293 .003
Time sedentary 0.234 .02 -0.266 .007
Entropy 0.076 46 -0.042 69
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Table 3. Spearman correlation coefficients between internalizing symptoms and social interactions, phone use, sleep-related features.

Feature Anxiety Depression
Correlation coefficient (r) P value Correlation coefficient (r) P value

Call duration 0.024 81 -0.035 .73
Incoming calls 0 .99 -0.072 48
Outgoing cals -0.069 .50 -0.223 .03
Connected calls -0.106 31 -0.110 .29
Ambient light intensity -0.136 a2 0.227 .02
Screen use 0.203 .049 -0.113 .28

Thus, internalizing symptoms assessed by clinical instruments
were significantly correlated with mobility levels and socia
interactions captured by passive smartphone sensor data. We
also observed significant correl ations between other daily living
contexts (ie, ambient light intensity and smartphone screen use)
and internalizing symptoms.

The inclusion of mobility, social interactions, phone use, and
sleep-related features significantly improved the fit of models
predicting more severe depression and higher CES-DC scores
(F176,=2.036;, P=.04), aswell as more severe anxiety and higher
SCARED scores (Fy76,-2.256; P=.02). Finaly, predicted
SCARED scores from smartphone biomarkers correlated with
higher depression scores (r=0.258; P=.01), but not ASRS scores
(r=0.062; P=.55). Consistently, predicted CES-DC scores
correlated with higher anxiety scores (r=0.258; P=.01), but not
ASRS scores (r=0.020; P=.85).

Discussion

Principal Findings

Our results support the hypothesis that passively collected
smartphone sensor data can provide sufficient information for
successfully predicting internalizing symptoms among youth.
The proposed approach worked well for youths who were
usually heavy smartphone users. Remarkably, we were able to
include youths as young as 10 years of age in our completely
remote study design, demonstrating the feasibility of mobile
sensing among youth. The data also underlined high
acceptability; even youths with severe clinical symptomology
reported only minimal issues in the use of the app. Dropouts
due to privacy concerns can be considered low (3/161, 1.9%).

The study indicated that there were significant correlations
between internalizing symptoms and smartphone biomarkers.
Lower levels of mobility, fewer social interactions, and higher
ambient light intensity during the night, used as a proxy for
poorer deep quality, were correlated with higher depression
symptoms. Higher levels of mobility, fewer social interactions,
and higher smartphone screen use were correlated with higher
anxiety symptoms among youth. The study also showed that
by adding passively collected smartphone sensor data to
prediction models, we were able to achieve better model fits.
Finally, the results indicate the potential of smartphone
biomarkers to have a discriminative nature by predicting other
internalizing symptoms but not adult attention-deficit
hyperactivity disorder symptoms.

https://mhealth.jmir.org/2021/10/e20638

Here, we expand on the only previous study among youth
showing that light intensity and smartphone screen use in
addition to mobility and social interactions might be valuable
features for predicting internalizing symptoms among youth
[21]. In addition, we confirmed the potential discriminative
validity of smartphone biomarkers observed among adultsin a
youth sample [51]. Although our results on the number of
outgoing calls negatively correlating with internalizing
symptomsarein linewith previous studiesin adults[13,15,18],
differences in mobility patterns of youths with high anxiety
symptoms as compared with high depression symptoms have
not been described thusfar [11,14,21]. However, thesefindings
have to be interpreted considering the recent pandemic and the
behavioral changes accompanying it [52]. It is easy to argue
that the time spent outside during a pandemic might increase
anxiety symptoms.

Limitations and Future Directions

Thisstudy has some limitationsthat provide directionsfor future
research. First, the conclusions must be considered preliminary,
giventherelatively small sample size of 122 youthsand require
further replication. Larger samples will also alow for more
power to assess potentially moderating effects (eg, sex, trauma
exposure), especially asthe cost-effectiveness of mobile sensing
by using the patients own smartphones is fostering the
scalability of the approach. However, in contrast to many
previous studies [11], we were able to work with a relatively
heterogeneous real-world sample of youths, including patients
with severe symptomatology, which may reduce the
generalizability of our findings. Second, through the use of
passively collected smartphone sensor data, we may miss
relevant information on socia interactions; for example, it can
be difficult to infer the quality of the socia contact based on
the metadata of call logs. Third, our study focused onidentifying
between-person differences; the identified predictors might not
be of value in predicting within-person variability of
internalizing symptoms. Fourth, it is not possible to make any
claimsregarding causation between mobility, screentime, sleep,
socia interactions, and internalizing symptoms. It cannot be
determined if fewer socia interactions|ead to moreinternalizing
symptoms or vice versa. Fifth, our study was conducted during
the recent pandemic that led to amultitude of behavioral changes
[52,53]; thus, the results might not be generalizable to a
postpandemic situation. However, our study findings were
largely consistent with those of previous studies conducted in
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adult populations, supporting the reliability of mobile sensing
results.

The next steps should focus on exploring how youth patients,
their parents, and clinicians would prefer to be notified about
the youths' passively collected smartphone sensor data, what
inferences can be drawn about youths’ mental health statesfrom
these data, and what actions they would find useful and
acceptablein responseto these data. For example, early warning
signs can beidentified from smartphone biomarkers, triggering
early interventions. In addition, the enthusiasm for exciting new
possibilities associated with passively collected smartphone
sensor datamust be carefully evaluated regarding the challenges
of privacy and data security.

MacLeod et al

Conclusions

In sum, our study expands recent efforts to use passively
collected smartphone sensor data for predicting internalizing
symptoms among youth. Such accurate behavioral assessments
might be especialy important for youths with internalizing
symptoms, given that the occurrence of these symptomsismore
frequent than is typically reported. However, this method of
harnessing naturally occurring behavioral data is certainly
relevant for identifying and better understanding a range of
maladaptive thoughts and behaviors that underlie psychiatric
conditions more broadly. Finally, it is equally important to be
sensitive and treat passively collected smartphone sensor data
as sensitive health information and ensure adequate privacy and
security controls are in place before wider use.
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Abstract

Background: Postpartum depression (PPD) isaprevalent mental health problem with serious adverse consequences for affected
women and their infants. Clinical trials have found that tel ehealth interventions for women with PPD result in increased accessibility
and improved treatment effectiveness. However, no comprehensive synthesis of evidencefrom clinical trials by systematic review
has been conducted.

Objective: The aim of this study is to evaluate the effectiveness of telehealth interventions in reducing depressive symptoms
and anxiety in women with PPD. To enhance the homogeneity and interpretability of the findings, this systematic review focuses
on PPD measured by the Edinburgh Postnatal Depression Scale (EPDS).

Methods: PubMed, The Cochrane Library, CINAHL, PsycINFO, CNKI, and Wanfang were electronically searched to identify
randomized controlled trials (RCTs) on the effectiveness of telehealth interventions for women with PPD from inception to
February 28, 2021. Data extraction and quality assessment were performed independently by two researchers. The quality of
included studieswas assessed using the Cochrane risk-of-biastool, and meta-analysis was performed using RevMan 5.4 software.
Results: Followingthe search, 9 RCTswith atotal of 1958 women with PPD wereincluded. The EPDS (mean difference=—2.99,
95% Cl —4.52 to —1.46; P<.001) and anxiety (standardized mean difference=—0.39, 95% Cl —0.67 to —0.12; P=.005) scores were
significantly lower in the telehealth group compared with the control group. Significant subgroup differences were found in
depressive symptoms according to the severity of PPD, telehealth technology, specific therapy, and follow-up time (P<.001).
Conclusions; Telehealth interventions could effectively reduce the symptoms of depression and anxiety in women with PPD.
However, better designed and more rigorous large-scale RCTSs targeting specific therapies are needed to further explore the
potential of telehealth interventions for PPD.

Trial Registration: PROSPERO CRD42021258541; https.//www.crd.york.ac.uk/prospero/display_record.php?Recordl D=258541

(IMIR Mhealth Uhealth 2021;9(10):€32544) doi:10.2196/32544
KEYWORDS
telehealth; postpartum depression; anxiety; meta-analysis
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Introduction

Zhao et d

Methods

Postpartum depression (PPD) is one of the most common mental
health disorders in women after giving birth. A systematic
review comprised of 58 articles with atotal of 37,294 women
reported that the overall prevalence of PPD was 17% among
healthy mothers[1]. PPD symptomsinwomen manifest assleep
disorders, mood swings, sadness and crying, loss of appetite, a
lack of interest in daily activities, or even more serious adverse
outcomes such as suicide and infanticide [2]. PPD may also be
associated with an increased risk of cognitive and behavioral
problemsininfants[3]. Timely accessto effective interventions
such as psychotherapy and pharmacotherapy is important for
women affected by PPD [4,5]. However, breastfeeding mothers
may have concerns regarding their infant’s exposure to
medications because of reported side effects of antidepressant
exposure in infants (eg, excessive crying, colic, irritability,
sedation, poor feeding, and sleep problems) [6]. Therefore,
antidepressant medications are recommended only for women
with severe depression, while psychotherapy is the first-line
method for prevention and treatment of mild to moderate PPD
[7]. The clinical effectiveness of common psychotherapies for
PPD such as peer support therapy [8], interpersonal therapy [9],
cognitive behavioral therapy [10], and mindfulnesstherapy [11]
has been demonstrated. However, psychotherapy conducted in
atraditional face-to-face manner may not be accessible for many
women due to time and financial hurdles, childcare concerns,
and fear of social stigma[12].

Women who have challenges accessing face-to-face
psychotherapy may benefit from telehealth interventions,
through which health care and health education could be
provided to them at home[13]. Telehealth technol ogiesinclude
telephones, websites, videoconferences, and apps that allow
consultation, assessment, and intervention services to be
provided remotely by health professionals or peer support [14],
which have been widely used to help manage diseasesin various
domains, including diabetes self-management [15], pulmonary
rehabilitation [16], and palliative home care [17]. In addition,
telehealth has been gaining momentum in continuous obstetrical
care[18]. Telehealth facilitates interactions and communication
between specialists and patients in the field of maternal-fetal
medicine, especially in the postpartum period for breastfeeding
and lactation assistance in rural communities [19]. Telehealth
care has many benefits, including increased access and
convenience and decreased social stigma and costs [20].

A previous study [21] showed that there are 18 scales for
screening depression symptoms, including the Patient Health
Questionnaire-9 Item [22], the Beck Depression Inventory 11
scale [23], the Postpartum Depression Screening Scale [24],
and the Edinburgh Postnatal Depression Scale (EPDS) [25,26].
These scales have different sensitivity, specificity, and disease
predictivity. Of them, EPDS is the most reliable scale in terms
of disease predictivity and adaptivity for differences in
population profiles, and it has therefore been the most frequently
used scale in clinical and research settings to screen for PPD
[25,26]. To enhance the homogeneity and interpretability of the
findings, this systematic review targets adult women with PPD
measured by EPDS [25,26].

https://mhealth.jmir.org/2021/10/e32544

Overview

This systematic review was conducted following the guidelines
of the PRISMA (Preferred Reporting Items for Systematic
Reviewsand Meta-Analyses) statement [27]. The study protocol
was registered in PROSPERO (the International Prospective
Register of Systematic Reviews) as CRD42021258541.

Search Strategy

For this study, 4 English databases (PubMed, the Cochrane
Library, CINAHL, and PsycINFO) and 2 Chinese databases
(CNKI and Wanfang) were electronically searched to identify
randomized controlled trials (RCTS) on the effectiveness of
telehealth interventions for women with PPD from inception to
February 28, 2021. Advanced searches were performed using
a combination of two groups of terms according to the syntax
rules of each database: (1) telehealth-related terms, including
telehealth, telemedicine, telecommunication, telephone, remote
consultation, information technol ogy, mobile health, m-Health,
e-Health, internet, web-based, socia media, application, and
software, and (2) PPD-related terms, including postpartum
depression, PPD, post-partum depression, postnatal depression,
post-natal depression, maternal depression, postpartum mental
disorder, and puerperal disorder. In addition, Clinical Trials.gov,
the World Health Organization International Clinical Trials
Registry Platform, and the Chinese Clinical Trial Register were
searched for unpublished trials relevant to this review.

Inclusion and Exclusion Criteria

To be eligible, RCTs had to meet the following criteria: (1)
target adult women with EPDS scores 29 points;, (2) use
tel ehedlth interventionsincluding mobile phones, apps, websites,
or other remote technol ogies compared with routine carein the
control group (participantsin the control group wereinaccessible
to any telehealth technologies, but were free to receive routine
care including any offline treatment at public hospitals or
maternal and child health care centers); (3) assess the primary
outcome of depression symptoms using EPDS, and secondary
outcomes including any improvement of social support,
loneliness, and anxiety using any scale; and (4) be published in
English or in Chinese.

Studies were excluded for the following reasons: (1) study
included women with severe physical illnesses, a history of
mental illnesses and medication treatments, drug and/or a cohol
abuse, or suicidal tendency; (2) study included women whose
infants had adverse neonatal outcomes such as 5-minute Apgar
score <5 points, assisted ventilation for more than 6 hours,
neonatal seizure, birth injury, or neonatal death; and (3) study
was an RCT protocol or duplicate.

Study Selection

The software Endnote X9 (Clarivate Analytics) was used to
import all the references and remove duplicates. Theremaining
studieswere assessed against theinclusion and exclusion criteria
by two independent reviewers (LZ and JC). Study selection was
conducted in astepwise manner. Firgt, titles and abstracts of all
studies were independently screened for potential eligibility.
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Any disagreementswere discussed until consensus was reached.
Second, the full papers of all included abstracts were
independently assessed. Any discrepancies that arose during
the assessment were resolved by athird reviewer (RHX).

Quality Assessment

The risk of bias was assessed according to the guidelines
provided by the Cochrane risk-of-biastool for randomized trials
(version 2.0) [28]. Risk ratings of “low risk,” “unclear,” and
“high risk” were assigned to each type of bias based on the
presence of selection bias, performance bias, detection bias,
attrition bias, reporting bias, and other bias. Any disagreements
with respect to study quality were resolved by athird reviewer
(RHX).

Data Extraction

The data were extracted independently by two reviewers (LZ
and JC) at the same time and disagreements were resolved by
consensus. Data extracted from each relevant trial included
author, the year of publication, country, participant, inclusion
criterion (EPDS scores), sample size, telehealth technology,
specific therapy, follow-up time, and outcomes (primary and
secondary outcomes) with measure scales. Any disagreements
between the two reviewers were resolved by a third reviewer
(RHX).

Data Synthesisand Analysis

RevMan 5.4 software (The Cochrane Collaboration) was applied
in the meta-analysis of the data. The effect estimate was
expressed as means and standard deviations (SD) for continuous

Figure 1. Flow diagram of study selection.

Zhao et d

data. The standardized mean differences (SMD) with their
corresponding 95% CI were applied to combine studies that
measured the same outcome with different scales. If the same
scales were used to evaluate one outcome, mean difference
(MD) with its 95% CI could be employed. MD was derived
from inverse variance methods. If the SD was not reported, it
was computed from standard error (SE) following the Cochrane

Handbook [28]: E. Heterogeneity was assessed by 12, with
significant statistical heterogeneity as 12>50%. The fixed-effect
model was used to estimate one true effect in cases without

significant heterogeneity (12<50%), whereas the random-effect
model was employed to estimate the effects in cases with
significant heterogeneity between studies (12>50%). When there
was significant heterogeneity, data would be double-checked
and then subgroup analysis or sensitivity analysiswas performed
to explore the sources of heterogeneity. A P value <.05 was
considered statistically significant.

Results

Search Results

The PRISMA flow diagram for this study is shown in Figure
1. The search strategies yielded 1001 potentialy relevant
citations from the 6 electronic databases searched. After
excluding duplications and screening titles and abstracts for
digibility, 31 studies were retained for full-text evaluation. Of
them, 22 studies were excluded according to the inclusion and
exclusion criteria. A total of 9 studies[29-37] wereincludedin
this systematic review.

Records identified through database searching (n=1001)
PubMed (n=108), The Cochrane Library (n=520), CINAHL
(n=88), PsycINFO (n=27), CNKI (n=21), Wanfang (n=237)

Duplicates removed

Y

v

(n=132)

Records after duplicates removed
(n=869)

Records excluded based on
review oftitle and/or abstract

A 4

\d

(n=838)

Full-text articles assessed for eligibility
(n=31)

22 full-text articles excluded:

s Telehealth notused (n=6)
e Inappropriate population (n=12)

A J

 Did notdefine depression
symptoms as primary outcome

Studies included in quantitative synthesis
(meta-analysis)
(n=9)

(n=1)

¢ Incomplete data (n=3)
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Characteristics of Included Studies

This systematic review included 9 RCTs [29-37] with a total
of 1958 participants. The 9 studiesincluded were conducted in
Singapore, Canada, Portugal, Iran, China, and the United
Kingdom and were published between 2003 and 2020.
Participants were postpartum women aged =18 years. All
recruited participants had baseline EPDS scores =9 points. The
sample sizes ranged from 42 to 910. The 9 included studies
applied telehealth technologies including telephones
[29-31,34,36,37], apps [33,37], and websites [32,35,36]. Of
them, 3 studies [29,30,37] used peer support therapy, 5 studies
[32-36] used cognitive behavioral therapy and behavioral
activation therapy, and 1 study [31] used interpersonal therapy.
The follow-up period of these 9 studies [29-37] ranged from 4
weeksto 36 weeks after completion of telehealth interventions.
Characteristics of the 9 studies included are presented in
Multimedia Appendix 1.

Figure 2. Risk of bias graph.
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Risk of Bias

We summarized the findings for risk of bias in Figure 2 and
Multimedia Appendix 2. Among the 9 RCTs[29-37], 5 studies
[30-33,37] used acomputer-generated random sequence, 1 study
[34] used a random number table, 2 studies [35,36] used a
minimization algorithm including a stochastic element, and 1
study [29] only mentioned the word “random,” with no details
of the randomization method used. Allocation conceal ment was
done in 5 studies [29,34-37]. Furthermore, 1 study [37]
implemented the blinding of participants and personnel and
outcome assessment, 4 studies [ 32,33,35,36] were unclear about
the blinding of outcome assessment, and 4 studies[30,31,33,34]
had high risk of bias on implementing the blinding of
participants and personnel. All 9 studies included had low risk
of biasonincomplete outcome data, selective reporting, or other
bias.

Fandom sequence generation (selection hias)

Allocation concealment (selection hias)

Blinding of participants and personnel (performance hias)
Blinding of outcome assessment (detection hias)
Incomplete outcome data (attrition hias)

Selective reporting (reporting hias)

Other bias

0% 25% 50% 78%  100%

B Lo risk of bias

[ Junclear risk of bias

B Hioh risk of ias

Meta-Analysis
Depressive Symptoms in the Telehealth Group and the
Control Group

The 9 included studies [29-37] assessed the effectiveness of
telehealth interventions on depressive symptoms among 1958
women by comparing the tel eheal th group and the control group.

https://mhealth jmir.org/2021/10/e32544
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Depressive symptoms were al measured using EPDS.
Considerable heterogeneity among studies was detected
(1>>50%); thus, a randomized model was used. The overall
pooled analysis demonstrated that total EPDS scores of women
with PPD who received telehealth interventions were
significantly lower than the control group (MD=-2.99, 95% CI

—4.52 to —1.46; P<.001; 12=93%; Figure 3).
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Figure 3. Depressive symptom scoresin the telehealth group and the control group.
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Social Support in the Telehealth Group and the Control
Group

A total of 2 studies[36,37] reported social support improvement
after interventions by the Perceived Social Support for Parenting

Figure 4. Socid support scoresin the telehealth group and the control group.

4 -2 0 2 4

Favours [telehealth] Favours [control]

instrument [37] and the Social Provision Scale[36]. The efficacy
of telehealth was evaluated among 101 women by comparing
the telehealth and control groups. There was no statistically
significant difference between the two groups (SMD=-0.21,

95% Cl —0.40 to 0.82; P=.50, 1°=59%; Figure 4).

Telehealth Control Std. Mean Difference Std. Mean Difference Risk of Bias
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Testfor overall effect 2= 0.68 (F=0.50)

Risk of hias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance hias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition hias)

(F) Selective reparting (reporting bias)

(G) Other hias

Lonelinessin the Telehealth Group and the Control
Group

A total of 2 studies [30,37] reported loneliness scores after
interventions using the University of California, Los Angeles

https://mhealth jmir.org/2021/10/e32544
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Loneliness Scale. The efficacy of teleheadth was evaluated
among 721 participants by comparing the telehealth and control
groups. Meta-analysis showed no dtatistically significant
difference between the two groups (MD=-1.82, 95% CI —4.60

t0 0.95; P=.20, I? = 83%; Figure 5).
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Figure5. Loneliness scoresin the telehealth group and the control group.
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Anxiety in the Telehealth Group and the Control Group

A total of 5 studies[30-32,36,37] presented anxiety symptoms
after interventions. Anxiety symptoms were measured through
the State-Trait Anxiety Inventory [30,31,37], the Hospital

Favours [telehealth] Favours [control]

Anxiety and Depression Scale[32], and the Generdized Anxiety
Disorder 7-item scale [36]. Scores of anxiety symptomsin the
telehealth group were lower than in the control group
(SMD=-0.39, 95% CI —0.67 to —0.12; P=.005; 1>=76%; Figure
6).

Figure 6. Anxiety symptom scoresin the telehealth group and the control group.
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Sensitivity and Subgroup Analysis

In relation to the primary outcome (ie, depressive symptoms
improvement), the pooled estimates were consistent when
excluding one study at atime, indicating that the meta-analysis
results of this study were stable and reliable. A series of

https://mhealth jmir.org/2021/10/e32544
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subgroup analyses were performed to uncover moreinformation
about the heterogeneity (as shown in Table 1). Subgroup
analyses were performed according to the severity of PPD,
telehealth technology, specific therapy, and follow-up time.
However, considerable heterogeneity (12271%) existed in each
subgroup analysis.
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Table 1. Subgroup analyses of the effect of telehealth interventions on depressive symptoms.

Subgroup analyses Number of randomized controlled trials Mean difference (95% Cl)  Z statistic P value 12, %
Severity of postpartum depression <.001
EPDS? scores 59 3[29,30,37] -1.64 (-2.20t0-1.08) 5.76 <01 71
EPDS scores 210 2[32,34] -0.94 (-1.78 10 -0.10) 2.2 .03 81
EPDS scores 212 4[31,33,35,36] —5.27 (-5.95 to —4.60) 15.29 <.001 84
Telehealth technology <.001
Telephone 6 [29-31,34,36,37] —2.18 (-2.64t0-1.72) 9.26 <.001 84
App 2[33,37] —4.02 (—4.67 to -3.36) 12.03 <.001 98
Website 3[32,35,36] —1.62 (—2.47 t0 -0.78) 3.76 <.001 87
Specific therapy <.001
Peer support 3[29,30,37] —1.64 (—2.20 to —1.08) 5.76 <.001 71
Interpersonal psychotherapy 1[31] -5.13 (-6.44t0-3.82) 77 <.001 N/AP
Cognitive behavioral therapy 3[32-34] -3.25 (-3.91to —-2.60) 9.73 <.001 97
Behaviora activation therapy 2[35,36] -3.30 (-4.50 to —2.10) 5.4 <.001 0
Follow-up time (weeks) <.001
4 2[29,37] —1.21 (-1.93t0 -0.49) 33 .001 73
6 1[34] —1.90 (-3.08t0 -0.72) 3.16 .002 N/A
8 3[29,32,33] —3.86 (—4.64 t0 —3.07) 9.6 <.001 99
12 3[30,31,37] —2.12 (-2.65t0 -1.60) 7.92 <.001 93
15 1[35] —3.34 (-4.75t0-1.93) 4.65 <.001 N/A
17 1[36] -3.21(-5.50t0-0.92) 2.74 .006 N/A
24 3[30,31,34] —1.58 (-2.14t0 -1.03) 5.55 <.001 %4
36 1[31] —3.34(-4.75t0-1.93) 4.65 <.001 N/A

3EPDS: Edinburgh Postnatal Depression Scale.
BN/A: not applicable.

Discussion

Overview

Our systematic review summarized the effectiveness of
telehealth interventions on PPD and associated maternal mental
heslth problemsin the postpartum period (defined as<12 months
after childbirth). We found that telehealth interventions could
significantly improve depression and anxiety symptoms,
although their effectiveness in improving social support and
reducing loneliness was less certain.

Effectiveness of Telehealth I nterventionson
Postpartum Depression

In this study, we demonstrated that maternal depression scores
were significantly lower in the telehealth group compared to
the control group. Previous studies[30,34,38] wereinconsistent
regarding whether telehealth could improve maternal depression
in the long term. One study [38] reported that the EPDS scores
of women in the telehealth group increased at 24 weeks after
interventions. Another study [30] discovered no significant
difference in EPDS scores at 24 weeks after interventions
between the two groups. However, one study [34] reported that

https://mhealth.jmir.org/2021/10/e32544

EPDS scores at 24 weeks after interventions were significantly
lower in the telehealth group. The synthesized result of this
systematic review suggested that telehealth was effective in
reducing EPDS scores at 24 weeks after theinterventions, which
was consistent with an earlier systematic review [39] comprised
of 7 RCTswith atotal of 1106 participants.

Effectiveness of Telehealth I nterventions on Social
Support, Loneliness, and Anxiety

In this study, we also summarized the effectiveness of telehealth
interventions on mental health issues associated with PPD
including social support, loneliness, and anxiety. However,
telehealth interventions were not significantly effective at
improving social support and loneliness in women affected by
PPD. This may be related to the use of different assessment
tools and the small number of included studiesin the literature
reporting on these outcomes. In an internet-based peer therapy
project in Singapore [37], the authors found that the degree of
lonelinessin depressed women was reduced while social support
wasincreased after an online peer support intervention that used
telephones and apps. On the other hand, the symptoms of anxiety
were significantly reduced in the tel ehealth group, updating the
resultsin the study which found no evidence on the effectiveness
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of telehealth for anxiety [40]. Coexistence of PPD and anxiety
was common [41] and was mainly related to negative life events
experienced by mothers with inadequate social support and
increased childcare burden [42]. Results of this systematic
review suggested that the potential for telehealth to improve
mental health care for either PPD or anxiety is being
increasingly recognized by affected women and health care
providers [43]. Many women have already used publicly
available online appsto accessinformational support, to consult
ateam of specialists, or to seek and find resources to alleviate
PPD and anxiety [44].

Strengths and Limitations

Thisreview has multiple strengths. The results of subgroup and
sensitivity analyses suggested the findings are robust. More
than half of the included trials were of high quality, with a
relatively high degree of evidence that telehealth interventions
could be effective in PPD treatment. Furthermore, the studies
included were conducted in both developed and developing
countries, expanding generaizability. Finaly, this review
analyzed not only the effectiveness of telehealth interventions
on PPD, but also on social support, loneliness, and anxiety.

However, there are several limitationsin thisreview. First, there
could be selection bias in the original studies as most women
participated in the studies on a voluntary basis and were
recruited online. Second, most of the included studiesrelied on
self-report measure scales at either recruitment or follow-up,
which may lead to inflated estimates of effect sizes. Third, the
findings of this metaanalysis were limited by major
heterogeneity. There was methodol ogical heterogeneity among
the studies included in terms of the severity of PPD, telehealth
technology, specific therapy, and follow-up time. In addition,
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the secondary outcomes in the 9 RCTs included were assessed
using different scales.

Implications for Practice

Through telehealth services, women could have access to the
relevant knowledge of psychological interventions anytime and
anywhere. The anonymity of chat rooms in telehealth services
could help protect women's privacy, providing anew treatment
option for women who do not want to receive a face-to-face
treatment due to social stigma.

Implications for Future Research

This review highlights some directions for future research,
including increasing research attention on antenatal and
peripartum depression and determining the applicability of
telehealth interventions for adolescent mothers who may be
more comfortablewith novel technologies. Consideration of an
intervention including the mother’s partner may be an important
approach in future research, especially in caseswheretriggering
events (such as adverse infant outcomes, major negative life
events) may affect both the woman and her partner. Future
studies should also aim to enhance methodological quality
through consistent design and execution on such aspects of the
study including telehealth technology, follow-up time, and
severity of PPD.

Conclusion

Telehealthinterventions could effectively reduce the symptoms
of depression and anxiety in women with PPD. However, better
designed and morerigorouslarge-scale RCTstargeting specific
therapies are needed to further explore the potential of telehealth
interventions for PPD.
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Abstract

Background: Many maternal clientsfrom poorly resourced communities die from preventable pregnancy-related complications.
The situation is especially grave in sub-Saharan Africa. Mobile health (mHealth) interventions have the potential to improve
maternal health outcomes. mHealth interventions are used to encourage behavioral change for health care-seeking by maternal
clients. However, the appropriation of such interventions among maternal health clientsis not always guaranteed.

Objective: This study aims to understand how maternal clients appropriate mHealth interventions and the factors that affect
this appropriation.

Methods: This study used a hermeneutic literature review informed by the model of technology appropriation. We used data
from three mHealth case studiesin sub-Saharan Africa: Mobile Technology for Community Health, MomConnect, and Chipatala
Cha Pa Foni. We used the search and acquisition hermeneutic circle to identify and retrieve peer-reviewed and gray literature
from the Web of Science, Google Scholar, Google, and PubMed. We selected 17 papers for analysis. We organized the findings
using three levels of the appropriation process: adoption, adaptation, and integration.

Results: This study found that several factors affected how maternal clients appropriated mHealth interventions. The study
noted that it is paramount that mHealth designers and implementers should consider the context of mHealth interventions when
designing and implementing interventions. However, the useful ness of an mHealth intervention may enhance how maternal health
clients appropriate it. Furthermore, acommunity of purpose around the maternal client may be vital to the success of the mHealth
intervention.

Conclusions: The design and implementation of interventions have the potential to exacerbate inequalities within communities.
To mitigate against inequalities during appropriation, it is recommended that communities of purpose be included in the design
and implementation of maternal mHealth interventions.

(JMIR Mhealth Uhealth 2021;9(10):€22653) doi:10.2196/22653

KEYWORDS

mHealth; appropriation; mobile phones; model of technology appropriation; maternal health; community of purpose; hermeneutic
literature review
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Introduction

Background

Approximately 295,000 women die globally from pregnancy-
and childbirth-related complications [1]. Most of these deaths
are preventable [1]. The numbers are particularly high in
transitional countries. For instance, sub-Saharan Africarecorded
approximately 196,000 of these maternal deaths, and most of
these deaths occurred in poorly resourced settings [1]. This
tranglates to 533 deaths per 100,000 live births in sub-Saharan
Africa[1]. Sustainable Development Goal 3 seeksto reducethe
maternal mortality ratio to <70 deaths per 100,000 live births
[1]. To contribute toward Sustainable Development Goal 3,
information and communication technologies are used to
improve maternal health care-seeking behavior. For example,
mobile phones have been used to send health tips and reminders
to visit antenatal care clinics and health facilities for delivery.
The use of mobile phones in health care is known as mobile
health (mHealth) [2].

Previous studies have pointed to the low uptake and low efficacy
of mHealth interventions, especially in transitional countries
[3,4]. For mHealth interventions to meet maternal health care
needs, maternal health clients must not only adopt [5] but also
appropriateinterventions. Appropriation istheway technologies
are adopted, adapted, and incorporated into everyday life [6].
The appropriation of technology goes beyond mere adoption.
Appropriation also deals with how users engage with the
technology, and this might differ from how the designers of the
technology had intended. I nformation systems researchers have
explored the phenomenon of technology appropriation [7-9].
Carroll et a [8] focused on the appropriation of technologies
over time. Others have argued that the focus should be on how
technol ogies are appropriated to get thejob done or theintended
outcome achieved [7]. Furthermore, technology appropriation
may influence usersfor social changes[10]. Oncetechnologies
become aroutine part of daily life, they often generate particular
forms of habituated practice and a specific form of sociality.
Objectives

There is a need to investigate the appropriation of maternal
mHealth interventions by maternal clients in transitiona
countries [11,12]. Most studies on the appropriation of mobile
technologies have been conducted in resource-rich countries
where mobile phone ownership is high and infrastructure is
developed [7,11]. In contrast, in transitional countries, the
adoption and appropriation of mobile phones to support health
care are affected by demographic factors, such aslow levels of
literacy and low mobile phone ownership, and structural
challenges, such aslow connectivity [13]. To understand mobile
technology use, it is necessary to understand technology
appropriation in different contexts [14]. Therefore, this study
seeks to investigate how maternal health clients in transitional
countries appropriate mHealth interventions. The following
research questions guided this study: (1) How do maternal
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clients appropriate maternal mHealth interventions? (2) What
factors affect the appropriation of maternal mHealth
interventions?

Methods

Study Design
This study used a hermeneutic literature review. Data were
collected and analyzed using a hermeneutic framework for

reviews. Thisstudy used the model of technology appropriation
(MTA) as atheoretical lens.

Theoretical Framework: MTA

MTA was developed by Carroll et a [6] to explain how young
people adopt and use technologies. MTA has been used in
mHealth for decades. Imperatore and Dunlop [15] used MTA
to assess how people with aphasia (lack of language abilities)
appropriate smartphones. Humans interact with mobile
technologies in diverse and dispersed contexts. In maternal
health, maternal clients may opt to not, or fail to, exploit the
capabilities of an mHealth intervention, which may result in
nonappropriation of the mHealth intervention. However,
deciding to register for maternal mHealth interventionsinitiates
the process of appropriation. The process of appropriation may
result in either integrating the technology in their everyday life
(appropriation) or disappropriation, that is, stopping using a
technology.

Technology not only shapes users' behaviors, but users, in turn,
shape how systems are created through use [9,16]. The design
of systems is completed through the process of appropriation,
whereby the use and performance of design change over time.
Therefore, the focus of appropriation is twofold: (1) it draws
attention to the context of use and the need to use evaluations
that are situated in the context of the phenomenon and (2) the
unfolding of use over time associated with appropriation
suggests that evaluations conducted to support the design of
technologies should continue after completion of the initial
design process[17].

According to MTA, the process of appropriating a technology
has three stages: adoption, adaptation, and integration (Figure
1). At the adoption stage, the user interacts with the technology
as intended by the designers [18]. Designers develop the
technology to address specific needs in an organization or
society. In this study, the interventions were designed to reduce
maternal mortality and to assist in maternal home-based care
by creating a link between the maternal client and the health
facility. During theinitial interaction with the technology, users
evaluate the intervention and decide whether to adopt it [18].
For mHealth interventions, clients might be motivated to
continue using theintervention if they find it valuable. However,
a maternal client may not adopt the intervention because of
other factors such as failing to register or not finding value in
the use of the intervention.
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Figure1l. Model of technology appropriation, adapted from the study by Carroll [18].
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At the adaptation stage, users eval uate the technol ogy more by
exploring and using it [18]. Users not only familiarize
themselves with the technology but also learn how the
technology can support their practices or needs. Carroll [18]
argued that at this stage, mutual adaptation occurs, with people
adapting practices associated with the use of the technology
and al so adapting the technol ogy itself. During this stage, users
may come across influences that can encourage or discourage
them from using the technology [18]. For exampl e, the maternal
client may realize that the information they received via the
intervention was helpful. However, maternal clients may
disappropriate when the mobile phone malfunctions or
encounters system failures multiple times.

At the integration stage, the user incorporates the technology
into their everyday lives [18]. For example, a maternal client
may call the intervention call center when she feels something
iswrong to get advice or get referred to the clinic. At this stage,
the technology isin use and is working as expected. However,
maternal clients may disappropriate the intervention when they
have amiscarriage or stillbirth.

As illustrated in Figure 1, the appropriation process was not
linear. Users may move forward and backward during these
stages. A user at the appropriation stage may move back to the
adaptation stage or may decideto disappropriate. Subsequently,
the user may adopt the technology again. However, over time,
technol ogies can be evaluated and redesigned for appropriation
to meet new user requirements[18]. For example, after the pilot
phase, mHealth interventions can be evaluated to determine
their performance. This may inform the modifications to the
design of mHealth interventions.

During appropriation, users evaluate technology in use [17].
Evaluation of the performance of a product is crucial to human
experience [17]; individuals evaluate the things they come
across. The evaluations inform user attitudes and behaviors as
well as future actions, such as recommendations to friends.
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These evaluations are usually informal; however, frameworks,
methods, and techniques have been devel oped to formalize the
evaluation process [17]. An example of a formal evaluation
method is the mHealth Evaluation, Reporting and Assessment
checklist [19].

Hermeneutic Literature Review

Overview

The hermeneutic literature review was deemed appropriate for
this study because of its ability to create acontextual interpretive
understanding of a phenomenon under investigation. The
unstructured and flexible nature of the hermeneutic literature
review made a hermeneutic literature review suitable for this
study [20]. The search for relevant papers when using a
hermeneutic literature review extends beyond database searches,
asit allows the identification of evidence through snowballing
and citation tracking [21]. Furthermore, ahermeneutic literature
review allows the researcher to move from a general to amore
specific search to identify relevant literature [21]. Thisisin
contrast to a systematic literature review that encourages the
use of a predefined set of keywords. A systematic literature
review has the limitation that it may miss publications using
different wording.

When using a hermeneutics circle, understanding the meaning
and importance of individual texts depends on the understanding
of the whole corpus of relevant literature. In turn, an
understanding of the corpus of literature isbuilt up through the
understanding of individual articles [22]. This is an iterative
process. A hermeneutic literature review uses the interpretive
process, whereby a researcher expands and increases their
understanding of the relevant literature [22].

Specifically, Figure 2 illustrates two circles: (1) search and
acquisition and (2) analysis and interpretation. Textboxes 1 and
2 summarize the hermeneutic search and acquisition circle and
the hermeneutic analysis and interpretation circle, respectively.
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Figure2. A hermeneutic framework for the literature review process [21].
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Textbox 1. Overview of the hermeneutic search and acquisition circle.

Activity and Description

Searching

«  When identifying publications using the hermeneutic framework, small sets of highly relevant publications are preferred over huge sets of
documents whose relevance cannot be ascertained.

Sorting

«  Theresults can be sorted based on the determined criteria, such as relevance rankings or publication dates.

Selecting
« Individua publications are selected for acquisition and reading.

Acquiring

«  Full texts are acquired.

Reading

«  Reading of acquired publicationsisinitially orientational, leading to further selection of publications. Through orientational reading, the researcher
gains agenera understanding of the wider literature.

Identifying

« On the basis of the reading, researchers identify further search terms, additional publications (through citation tracking), authors, journals,
conferences, and other sources.

Refining

«  Search strategies can be used to refine searches. In particular, “citation pearl grow,” “successive fractions,” or “building blocks’ can help in
locating additional literature.
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Textbox 2. Overview of the hermeneutic analysis and interpretation circle.

Activity and Description

Reading

«  Through analytic reading, the researcher identifies key concepts, findings, and theories and their interpretations. They also infer assumptions and
amethodological approach; these may not be explicitly stated.

Mapping and classifying

«  Mapping and classifying provide a systematic analysis and classification of relevant ideas, findings, and contributions to knowledge within a
body of literature.

Critical assessment

«  Critical assessment examines the body of literature on the basis of what is known and how knowledge is produced and acquired. The researcher
also assesses how useful different types of knowledge are in understanding and explaining the problem of interest and where the boundaries and
weaknesses of existing knowledge are.

Argument development

«  The argument development builds from the mapping and classification and aso critical assessment, leading to the construction of a gap or
problematization, which provides the motivation for further research. Through argumentation, future directions of research and the rationale for
specific research questions are devel oped.

Research problem or question

«  Research questions can be formulated at a general, abstract level and at a more specific, empirical level. The former will logically follow from
the gap in the literature or problematization of existing knowledge. The latter is typically transformed into one or more specific questions that
can be empirically explored.

Searching

«  Searching leadsto the identification of additional literature for further reading.

Search and Acauisition Circl of mHealth literature. We used a combination of the following
ch and Acquisition Lircie search terms: Maternal, mHealth, mobile phone, appropriation,

Owing to the nascency of mHealth, we opted to use both  developing countries, Africa.

peer-reviewed and gray literature to obtain holistic descriptions . ) ,

of mHealth interventions. We searched the Web of Science, | e details of the search and selection strategies are presented

Google Scholar, Google, and PubMed and did not impose any in Figure 3. The search was conducted from December 2019 to

year restrictions. The databaseswere selected for their coverage  Mach 2020.
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Figure 3. Stepsinvolved in a hermeneutic literature review.
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We read the abstracts of the identified papers. While reading,
we made notes of specific ideas from the text to refine the
search. This prompted a second round of search, sort, and
selection, where we al so used citation tracking. On the basis of
this reading, we compiled a list of mHealth interventions that
were implemented in sub-Saharan Africa. We were interested
in the history of the interventions, the technologies used,
experiences of the maternal clients, and evaluations of those
technologies. Finally, we selected interventions that met the
following criteria: interventions that (1) were piloted and then
scaled up (this allowed us to observe the progression of the
intervention), (2) had evaluated both how maternal clients used
the system and the technical aspects of the intervention, (3)

https://mhealth.jmir.org/2021/10/e22653

worked on abasic phone, and (4) had run for a minimum of 3
years.

As our unit of analysis was the maternal client, we excluded
interventionswhere the community health workerswere primary
beneficiaries.

Following this search and selection process, we identified five
mHealth interventions: Wired Mothers (Tanzania), Rapid SMS
(Rwanda), Mobile Technology for Community Health
(MOTECH; Ghana), MomConnect (South Africa), and Chipatala
ChaPaFoni (CCPF; Malawi). Only MOTECH, MomConnect,
and CCPF met theinclusion criteria. Textbox 3 summarizesthe
interventions and publications that qualified for analysis.
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Textbox 3. Summary of papers used for analysisin the study.
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Project Name and Publications

Moabile Technology for Community Health, Ghana
«  Grameen Foundation [23]

.« Lefevreeta [24]

« Macleod et a [25]

«  Willcox et a [14]

MomConnect, South Africa
o Skinner et a [26]

o  Seebregtset a [13]

«  Coleman and Xiong [27]
o« Lefevreeta [28]

. Barronetad [29]

o  Seebregtset a [30]

Chipatala Cha Pa Foni, Malawi

«  Nyemba-Mudenda and Chigona[31]
. Crawford et d [32]

o Larsen-Cooper et a [33]

o  Larsen-Cooper et a [34]

o Blauveteta [35]

. Fotsoetal [36]

« VillageReach [37]

Mapping and Classifying

During mapping and classifying, different factors such as the
unit of analysis, major concepts, theoretical lens, and conceptual
framework are considered [21]. In this study, we used MTA as
the theoretical lens to map and classify our findings.

The synthesis of the selected articlesinvolved repeated reading,
looking at how different mobile technology functions have been
used, and the experience of maternal clients asthey appropriate
these technologies for maternal health. Excel (Microsoft Inc)
was used to tabulate the findings.

Descriptions of the I nterventions

Overview

All 3 interventions implemented mHealth interventions that
could work on a basic phone. These interventions used push
SM Stext messaging, push voice messages, and retrieved voice
messages, that is, basic functionalities of a mobile phone. A
hotline service is integrated into the system to advise maternal
clientsin real time, and in some cases, the helpdesk is used to
report queries encountered when appropriating theintervention.

All 3 interventions in this study evaluated the technological
performance of their mHealth intervention after the pilot phase
and after operating for afew years after scaling up. Thisenabled
the implementer to modify the system to optimize its
performance.

https://mhealth.jmir.org/2021/10/e22653

Mobile Technology for Community Health

MOTECH was launched in rural Ghana in 2010 in the Upper
East region and later scaled up to seven districts across four
regions[24]. The project aimed to leverage mHealth to increase
the quantity and quality of prenatal and neonatal care in the
Upper East region and create a replication in the Awatu Senya
district and to improve health outcomes for mothers and their
newborn babies [23]. MOTECH was scaled in clusters over a
3-year period to reach 78.7% (170/216) of Ghana's districts
[14].

The system has acomponent for maternal clients called Mobile
Midwife app as well as the nurses' apps [23]. The Mobile
Midwife service provides pregnant women and their families
with SMS text messages or voice messages that provide
time-specific information about their pregnancy each week.
These messages include alerts and reminders for care-seeking,
actionableinformation and advice, and educational information.
The messages were written in local languages.

Maternal clients can register for Mobile Midwife through either
a community health worker who captures their details on a
MOTECH registration form on the phone or by calling the
MOTECH call center [23]. Users who do not have a personal
or household phone may access their messages by calling a
toll-free number from a phone on any telecommunications
provider in the country. Once connected to MOTECH, the user
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interacts with the Mobile Midwife interactive voice response
(IVR) system.

MomConnect

The MomConnect initiative is run by the country’s department
of health [29]. The initiative sends SM S messages to maternal
clients and new mothers in South Africa. “In three years,
MomConnect has been taken to scale to reach over 95% of
public health facilities and has reached 63% of all pregnant
women attending their first antenatal appointment” [29].
MomConnect provides maternal clients with maternal health
information and encouragesthemto register at an antenatal care
clinic. It is expected that the intervention would provide a
valuable service to new mothers, complementing the current
set of health care services by informing mothers about maternal
health and childcare [26]. Maternal clients subscribe to
MomConnect via Unstructured Supplementary Service Data
(USSD). To register on the system, a hurse must first confirm
that the woman is pregnant [29].

SM Stext messages sent to the maternal clientsinclude antenatal
care and access to care during labor, diet and nutrition,
nonpregnancy-related infections, hypertension, newborn care,
breastfeeding, and immunization. The system sends between 1
and 3 messages per week, depending on the stage of the
pregnancy. The messages continue until the child is 1 year old
[26]. Theregistration and the sending and receiving of messages
arefree of chargeto the user. If amother does not own aphone,
she can opt to receive the messages via a phone owned by an
acquaintance [26]. Materna clients can register for the
MomConnect service at any public health clinic in the country.
MomConnect aso has a help desk where mothers send
messages. The messages are forwarded to the management of
the concerned health facilities [29].

Chipatala Cha Pa Foni

CCPF (trandatesto Health Center by Phone) isahealth hotline
that was started in one district in Malawi in 2011. Theinitiative
was later scaled up to the entire country, available 24 hours
every day [35]. It was started as a pilot in the Balaka district,
which was experiencing a high maternal mortality rate [38].

Table 1. Summary of findings.

Maliwichi et &

During the pilot phase, the intervention provided only maternal
and child health services. Thetopicsof callsranged from danger
signs needing emergency care to maternal clients calling to
inquire about their expected due date[38]. Callerswere provided
with one-on-one health counseling with a care provider and
were encouraged to provide home-based care and to seek
appropriate care for themselves or their children when

appropriate.

Furthermore, maternal clients were registered for the tips and
reminders service during their first call. This service provides
women with the opportunity to receive text messages or listen
to recorded messages through the IVR system about how to
care for themselves and their infants [38]. Messages were
targeted to provide relevant and timely health information and
reminders based on the stage of pregnancy or age of the child,
such as reminders for antenatal care visits; birth planning;
immunization timing; and the promotion of positive health
behaviors, such as mosquito net use and exclusively
breastfeeding [38].

The intervention evolved to become a general hotline, and the
IVR system expanded to include different topics (in addition
to the pregnancy topic), such as nutrition and hygiene [35].
Anyone could access the IVR system to speak with a hotline
care provider or listen to specific messages [35]. From June
2019, the CCPF has been fully owned by the Government of
Malawi, Ministry of Health [35].

Results

Overview

Our findings suggest that maternal clients appropriate mHealth
interventions regardless of their mobile ownership status. Using
MTA, the findings of this review were synthesized using the
stages of the appropriation process, namely, adoption,
adaptation, and integration (appropriation). We identified a
number of factors as enablersand hindrances at different stages
of appropriation. Table 1 summarizes the findings.

This section discusses the factors that influenced the different
phases of appropriation of maternal mHealth interventions.

Stages of appropriation Enablers

Hindrances

Level 1. adoption

Easy to use[23,26,27,31,35]; content in local languages
[23,24,35]; able to access the intervention on any mobile phone
[13,30,31,35]; use of methods familiar to users (eg, SMS)

Inconsistent network connection [23,24,28,31]; user
timeouts [26,28]; mobile phone skills[31-33]; and low
literacy levels[23,31-33,35]

[13,23,26,29,33,36]; and clear messages [14,23,27,31-33]

Level 2: adaptation

[23,31,33]
Level 3: integration

New information learned [23,27,29,31-33,35]; trusting of the
message [23,26,27,31,35,36]; convenience of the service
[23,27,31-33,36]; able to share information with husbands and
friends [23,31,33,34]; and able to get situation-specific advice

Empowered in decision-making [27,31,33,35,36]; improved
number of antenatal visits [13,23,27,31,35]; improved food and

Mobile numbers cannot be changed [29]; messages
not delivered [23,29,32,33]; malfunction of the keypad
or mobile phone [31,33]; call congestion [23,35]; and
bottlenecks in voice messages [14,23]

Messages not useful [27-29]; miscarriage [23,28];
stillbirth [23,28]; and baby loss [23,28]

medicine consumption [27,31,36]; place of delivery (health facil-
ity) [14,23,27,31-33,35]; exclusive breastfeeding [23,27,29,31];
improved number of vaccines[23,26,27,31]; and improved

number of postnatal visits [23,26,27,31]
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Adoption Stage

The design of al the 3 interventions took the context of a
transitional country into account. This helped to increase the
chances of adoption for a wide range of clients. The adoption
of the 3 mHealth interventions was influenced by (1) the low
cost of accessing theintervention, (2) thefrugality of the design
of the interventions, and (3) the inclusion of clients with no
mobile phones. The services on al the 3 interventions were
provided free of charge to the user. This reduced the chances
of others being excluded from benefiting from the intervention
based on their economic status. Intransitional countries, women
are more severely disadvantaged than men; hence, this is
particularly useful because the interventions primarily targeted
underserved communities that are burdened by economic
hardships[39].

The interventions were frugal in that they were based on
technologies that work on basic phones (eg, SMS text
messaging, USSD, and voice) [ 23,26,27,31,35]. Although there
isagrowing number of mobile phonesin Africa, most poor and
rural women do not own smartphones [13]. Furthermore, in
rural areas, mobile phone networks may not always support
internet-based apps [33]. In such a context, technologically
sophisticated interventions based on smartphones would serve
little purpose. In addition to the ubiquity of the functionalities
across phone types, the use of basic phone functionalities also
ensured that the users were aready familiar with such
functionalities from their normal mobile phone use
[13,23,26,29,33,36].

All the 3 interventions were designed to cater to both clients
who owned and those who did not own a mobile phone. The
interventions allowed those who did not own phones to use
third-party phones [13,30,31,35]. The CCPF used community
volunteersto provide maternal clients accessto mobile phones.
However, MomConnect and MOTECH allowed women to use
mobile phones of husbands and friends. Hence, maternal clients
could adopt the interventions regardless of their mobile phone
ownership status. However, for CCPF, the use of community
volunteers faced a number of challenges, such as sustaining
volunteer motivation, challengesin accessing volunteers, phone
maintenance, and mobile phone charging [33].

CCPF and MOTECH had the option for the clients to call a
hotline or to interact with the IVR system to retrieve voice
messages [23,35,40]. Most maternal clients used the pushed
(voice messages sent to the client’s mobile phone) or retrieved
voice messages (Voice messages that are listened on demand
through the IVR system). Materna clients interacted with the
IVR system to access voice messages [23]. The preference for
voice messages could be because of low literacy levelsin rural
areas, especially among women [31]. Furthermore, this could
be due to the fact that some African communities are ora
societiesand, therefore, prefer voice messages over written text
[31].

Adaptation Stage

Adaptation occurred when amaternal client had registered for
the intervention and had familiarized herself with the
intervention. Adaptation wasinfluenced by (1) theneedtolearn
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new information and practices, (2) convenience of the service,
and (3) trustworthiness of theinformation. The new information
that the maternal clients learned about maternal health and
nutrition influenced appropriation. The CCPF baseline survey
showed that clients could list the information that was new to
them [32]. The clients may have valued the intervention as a
source of new information because clients struggle to obtain
information from the clinics, as the clinics are too busy and
have long queues. Furthermore, because of the culturethat limits
women from talking to strangers about pregnancy-related
matters, women might have shied away from seeking the
information from face-to-face consultationswith clinicians [40].

The maternal clientsfelt that the interventions were convenient
for them [23,27,31-33,36]. When the client did not feel well
during pregnancy, they caled the call center to determine
whether their condition required medical attention. They saved
time and money by not traveling long distances to the health
facility, only to be told that they did not require medical
attention. Inrural areasof transitional countries, maternal clients
travel long distances to the nearest health facility, and raising
transport costs are a challenge [31].

Maternal clients trusted the information they received from the
interventions and trusted the call center workers
[23,26,27,31,35,36]. All theinterventions were part of the health
services provided by the department of health of their respective
countries, which could be the reason why the maternal clients
trusted the information [13,35].

Furthermore, there is evidence that the clients used the
interventions and the information provided by theinterventions
[23,27,29,31-33,35]. On the basis of the information obtained
from the interventions, the clients could make decisions about
seeking care[27,31,33,35,36]. The messages helped the maternal
clients make better maternal and infant health decisions. The
maternal clients felt empowered and felt they could manage
their pregnancy [26].

Integration Stage

Integration is reached when using mHealth interventions
becomes routine in the maternal client’s everyday life. The
integration of theinterventionin the clients’ liveswasinfluenced
by (1) attitudes and behaviors of the user and (2) performance
of thetechnology [32,41]. At this stage, the use of the mHealth
intervention influenced the maternal clients to attend all
antenatal care clinics, take medication and have abalanced diet,
deliver at the health facility, take the child to the clinic, and
receive al the vaccines. An independent evaluation of CCPF
linked the intervention with improved knowledge of maternal
and child health aswell as certain behaviors, such asincreased
use of antenatal care clinics within the first trimester
[13,23,27,31,35], increased use of a mosquito net during
pregnancy and also for children under the age of 5 years[32,34],
increased rates of early initialization of breastfeeding, and
increased knowledge of health behaviorsin pregnancy and the
postnatal period [35]. However, the eval uation showed reduced
use during the postnatal period [23,26,27,31]. This could be
because of the fact that some clients found that the messages
were not useful [40].
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Factors That Affect Appropriation

Appropriation of theintervention was affected in different ways
at al stages. The factors may be categorized as persona and
technological. Personal factors such as low levels of literacy
[23,31-33,35] and low mobile phone skills [31-33] influence
thelikelihood of clients not adopting the intervention. For CCPF,
nonadoption occurred because the majority of community
volunteers and users were not familiar with the IVR system.
One of the challenges that maternal clients encountered when
using the VR system was that the messages could not play [32].
This may have been caused by low mobile phone skills or
malfunction of the systemitself. Thisissimilar to other findings,
such asbarriersto IVR use arerelated to lack of familiarity with
the technology and socia barriers, including lack of mobile
phone use skills and infrastructure challenges [42]. The
implementers of CCPF overcame this challenge by training
community volunteers or community health workers who, in
turn, trained the materna clients in their communities [33].
Hence, when interventions are being introduced, there should
be a provision of bespoke training to improve familiarity of the
intervention among the communities [43].

Thetechnical challengeswererelated to the actual phone[31,33]
aswell asthe network [23,24,28,31]. One challengewasrelated
to instances such as when a client loses a mobile number [29].
The client could no longer receive the messages because the
system did not allow change of the mobile number. M essages
sent to these numbers were recorded in the system as dropped.
In some circumstances, because of the low quality of mobile
phones, the keypad could not function properly for the clients
tointeract with the mHealth system or the mobile phone stopped
working during the period in which the client was supposed to
be using the mHealth intervention.

The challenge of unreliable networks and user timeout [26,28]
hindered maternal clientsfrom registering with theinterventions.
MomConnect clients used USSD to register. Although this
function is ubiquitous across different mobile phonetypes, itis
prone to both network and user timeouts. Mobile network
providers place ahigh priority on voice calls; therefore, in areas
where the service is limited, USSD sessions are dropped and
replaced by voice calls [28]. This chalenge during the
registration into the interventions might demotivate potential
clients from adopting the intervention. Furthermore, call
congestion influenced the maternal client to not appropriate
properly.

At theintegration stage, unexpected circumstancesforced some
materna clients to withdraw from the intervention. The most
common reasons for withdrawing were miscarriages, stillborn
babies, and baby deaths[23,28].

Discussion

Principal Findings

This study suggests that several enablers influence maternal
clients appropriate maternal mHealth interventions. The
interventions were available free of charge to the clients, were
implemented on technol ogiesthat were familiar to the potential
clients, and were enabled to use regardless of mobile phone
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ownership status. Furthermore, the study noted a myriad of
factors that hinder maternal clients appropriation of
technological interventions.

Considerations of the mHealth | ntervention Context

mHealth technologies are enablers in the provision of
intervention services. The use of SM'S text messaging ensured
that mHealth implementers could reach the most vulnerable
maternd clientsin hard-to-reach areas. However, the same SMS
technology hasraised several challenges. In all 3interventions,
some pushed SM'S messages (SM S sent by the intervention to
the maternal client mobile phone) sent to maternal clientswere
dropped [28]. Several factors contributed to the dropped SM Ss.
Some SMSs dropped because the recipients mobile phones
were off or unavailable. Users in rurd areas with limited
electricity infrastructuretypically switch off their mobile phones
to preserve battery power. However, unavail ability was because
of the poor coverage of mobile networks in rural areas.
Furthermore, the delivery rate of the pushed SMS messages
depended on the mobile service provider. The high SMS drop
rate could also be explained by some policy about changing
phone numbers. MomConnect did not allow their clients to
change their mobile phone numbers, and the clients had to
register their new numbers. As such, pushed SM S messages for
clients who had lost their mobile phones were recorded as
dropped [29]. Furthermore, the delivery rate of pushed messages
was observed to be dependent on the infrastructure and network
coverage of mobile service providers.

Owing to the ora culture and low levels of literacy among
women in rural areas, voice messages could have been a more
appropriate option for message delivery than SMSs. However,
the findings show that the delivery rate for pushed voice
messages for MOTECH and CCPF was lower than that for the
pushed SMS text messages [24]. This points to the role of
infrastructural limitationsin the design of mHealth interventions.
Although some technologies may be more appropriate than
others based on context, the limitationsin infrastructure do not
always alow designers to adopt user-centric designs. These
challenges allude to the trade-offs between the design goalsfor
low-resource and underprivileged settings. For example, the
goal of implementing frugal innovations may not be congruent
with the goals of technicd reliability. Although the use of USSD
addressed the goal of providing a low-cost option that was
ubiquitous across all types of phones, this option did not offer
technical reliability. Similarly, the goal of the need for voice
messages was incongruent with the goal of ease of use.

Potential candidates for exclusion were those who did not own
mobile phones. All the 3 interventions sought to include
maternal clients who did not have a mobile phone. All
interventions included the option of using a third-party phone
[23,33]. The provision of asynchronous messages afforded the
clients who did not own phones the flexibility to negotiate
mobile phone use with the phone owners. CCPF reported that
approximately 20% of maternal clientswho accessed the service
used third-party mobile phones[35].
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The Influence of Usefulness on Appropriation

The usefulness of an mHealth intervention may enhance how
maternal health clients appropriateit. In this study, the maternal
health clients used the messages from the interventions to
improve their knowledge on how to take care of themselves
during pregnancy, how to prepare for birth, and how to care for
the baby after birth. Our finding is similar to that of astudy in
Bangladesh, which noted that maternal clients found maternal
health care information received from an mHealth intervention
valuable [44].

The hatline for the CCPF afforded women an opportunity to
ask questions and obtain advice from the hotline workers. This,
to an extent, was a shift from the cultural practices of avoiding
talking about pregnancy-related matters too early and with
people outside one's own family. The hotline consultation
afforded the women a sense of anonymity; they could talk to a
person who could not see them and, therefore, had no power to
harm their pregnancy. Here, it can be argued that the
intervention mediated the interaction between clientsand health
care providers. The literature also claims that this interaction
has improved women'’s freedom to talk about pregnancy with
health care workers [45]. Furthermore, the hotline consultation
allowed the women to talk about their pregnancy to a health
care provider who was not from their community and who could
not see them. Here, the women sought medical care while
maintaining what was socially required of them.

The Role of Community of Purposein the
Appropriation of Maternal mHealth I nterventions

The findings showed that a community of purpose around the
maternal client may be vital to the success of the mHealth
intervention. A community of purpose isthe voluntary coming
together of individuals with commitments and an organization
with amission [12]. The community of purpose has different
memberswho may have different roles but are working together
toward a shared purpose. The main purpose of the maternal
health community of purpose is to promote the well-being of
maternal clients. The mHealth intervention was one of thetools
that the community could use to achieve its goals. In all the
interventions, a variety of stakeholders, such as community
leaders, community health volunteers, nurses, traditional healers,
and other key community members, were engaged in the design
of the programs[23,35]. Theinvolvement of these stakehol ders
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inthe design process ensured that the implemented interventions
were contextually relevant and sensitive. Involving actors in
the health sector and people within the communities helps to
legitimize the information being disseminated by the
intervention [23].

CCPF and MOTECH train communitiesto know how to support
maternal clientsat homeand in their communities. For example,
acommunity could arrange for the transport of maternal clients
to the health facility on the onset of labor [46]. Communities
of purpose support maternal clients by ensuring that the clients
have access to the intervention, even in cases where they do not
own a mobile phone [35]. Leaving out key stakeholders could
have negative consequences on the appropriation of the
intervention.

Conclusions

This study analyzed how maternal clients appropriate mHealth
interventions for maternal health. The study used the cases of
three maternal mHealth interventions in sub-Saharan Africa
The study noted that a myriad of factors play arole in the way
clients appropriate technological interventionsat different stages
of the appropriation process. The study also noted that the
socioeconomic status of the intended clients may affect their
appropriation. If the designers fail to take into account the
context in which the intervention is deployed, the intervention
may perpetuate and even exacerbate existing inequalities.
Although mHealth interventions may serveto include maternal
clients in the information society, there is always a risk that
some people could be left behind if the mediating factorsin the
context are not considered. To reduce inequalities during the
appropriation process, it is aso recommended that the
interventions seek to create and leverage on communities of
purpose around the use of the intervention.

Future Work

This study used secondary data to understand how maternal
clientsappropriate mHealth interventions. Future studies should
consider using primary data. This study did not distinguish the
appropriation based on mobile phone ownership. It islikely that
maternal clients who do not own a mobile phone and use
third-party access experience the appropriation differently. It
would be interesting to explore how maternal clients who do
not own mobile phones appropriate maternal mHealth
interventions.
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Abstract

Background: Text message (ie, short message service, SMS) smoking cessation interventions have demonstrated efficacy in
high-income countries but are less well studied in low- and middle-income countries, including Vietnam.

Objective: The goal of the research is to assess the feasibility, acceptability, and preliminary efficacy of a fully automated
bidirectional SMS cessation intervention adapted for Vietnamese smokers.

Methods: The study was conducted in 3 phases. In phase 1, we adapted the SM Slibrary from US-based SM S cessation programs
(ie, SmokefreeTXT and Text2Quit). The adaptation process consisted of 7 focus groups with 58 smokers to provide data on
culturally relevant patterns of tobacco use and assess message preferences. In phase 2, we conducted a single-arm pilot test of
the SMS intervention with 40 smokers followed by in-depth interviews with 10 participants to inform additional changes to the
SMSlibrary. In phase 3, we conducted a 2-arm pilot randomized controlled trial (RCT) with 100 smokers. Participants received
either the SM'S program (intervention; n=50) or weekly text assessment on smoking status (control; n=50). The 6-week SMS
program consisted of a 2-week prequit period and a4-week postquit period. Participants received 2 to 4 automated messages per
day. The main outcomes were engagement and acceptability which were assessed at 6 weeks (end of intervention). We assessed
biochemically confirmed smoking abstinence at 6 weeks and 12 weeks. Postintervention in-depth interviews explored user
experiences among a random sample of 16 participants in the intervention arm.

Results: Participantsin both arms reported high levels of engagement and acceptability. Participants reported using the program
for an average of 36.4 (SD 3.4) daysfor theintervention arm and 36.0 (SD 3.9) daysfor the control arm. Four of the 50 participants
in the intervention arm (8%) reset the quit date and 19 (38%) texted the keyword TIPS. The majority of participantsin both arms
reported that they always or usually read the text messages. Compared to the control arm, a higher proportion of participantsin
the intervention arm reported being satisfied with the program (98% [49/50] vs 82% [41/50]). Biochemically verified abstinence
was higher in the intervention arm at 6 weeks (20% [10/50] vs 2% [1/50]; P=.01), but the effect was not significant at 12 weeks
(12% [6/50] vs 6% [3/50]; P=.49). In-depth interviews conducted after the RCT suggested additional modifications to enhance
the program including tailoring the timing of messages, adding more opportunities to interact with the program, and placing a
greater emphasis on messages that described the harms of smoking.
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Conclusions: The study supported the feasibility and acceptability of an SM'S program adapted for Vietnamese smokers. Future
studies need to assess whether, with additional modifications, the program is associated with prolonged abstinence.

Trial Registration:

Clinical Trials.gov NCT03219541; https://clinicaltrials.gov/ct2/show/NCT03219541

(JMIR Mhealth Uhealth 2021;9(10):e27478) doi:10.2196/27478

KEYWORDS

smoking cessation; text messaging; mHealth; mobile health; low- and middle-income country; smoking; developing countries,

SMS; Vietnam

Introduction

Of the world’s 1.1 billion smokers, 80% live in low- and
middle-income countries (LMICs) [1]. Asaresult, tobacco use
isamajor contributor to the high burden of noncommunicable
disease and premature death in LM1Cs[2]. Promoting cessation
isthe key to reversing current global trends in tobacco-related
morbidity and mortality over the next few decades[3].

Vietnam, an LMIC, has one of the highest smoking ratesin the
world [4]. According to the 2015 Global Adult Tobacco Survey,
45.3% of Viethamese men were current smokers [5]. The
country has implemented a range of evidence-based tobacco
control policies as defined by the World Health Organization’s
(WHO) Framework Convention on Tobacco Control including
a nationa toll-free Quitline, launched in 2015 [6]. However,
most smokers who attempt quitting do not call the Quitline or
use cessation treatment [ 7]. In 2015, only 2.3% of recent quitters
(who quit for less than 12 months) and current smokers who
made past-year quit attempts received in-person or telephone
treatment for smoking cessation [7].

To continue to meet goals for decreasing smoking prevalence
globally, effective cessation interventions must be easily
accessible, adapted to local languages and cultural contexts,
and scalable. Mobile technology (mHealth) that uses text
messaging or short message service (SM S) meetsthese criteria
by creating arelatively low-cost platform for wide dissemination
of tailored tobacco cessation interventions. A growing literature
indicatesthat automated, bidirectional SM S cessation programs
can be effective in increasing smoking cessation compared to
minimal or no smoking cessation support [8-12]. However, this
research has largely been conducted in upper middle-income
countries [13]. The WHO Tobacco Free Initiative has
emphasized the importance of developing mHealth solutions
for increasing access to evidence-based tobacco cessation
interventionsin LMICs [14].

This study was conducted to address the gap in the literature
by assessing the feasibility, acceptability, and preliminary
efficacy of an SMSintervention for tobacco usersin Vietnam.
The study also provided an important opportunity to describe
methods for adapting text message interventions found
efficacious in high-income countries to different sociocultural
contexts and forms of tobacco use.

Despite the large number of SMS studies conducted in
high-income countries, few studies have compared the efficacy
of combining SM'S programs with additional cessation support
to SMSalone, and findings have been mixed [12]. For example,
Kruse et a [15] found that SMS combined with nicotine
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replacement therapy did not result in higher smoking abstinence
compared with SMSalone. In contrast, the pilot study by White
et a [16] found that combining SMS with personalized text
message support from peer mentors increased cessation rates
compared to SMS alone. Although there may be advantagesto
enhancing SMS interventions with additional support, this
approach risks diminishing the potential cost advantage and
scalability of automated SMSinterventions[17]. Therefore, the
goal of this study wasto first adapt an SMSintervention to the
sociocultural context of Vietnamese smokers and then compare
the 6-week intervention to acontrol group that received asingle
text assessment on smoking status per week.

Methods

Study Design

The study was conducted in 3 phases. In the first phase, we
conducted 7 focus groups (n=58 participants) to adapt text
messages from SmokefreeTXT, a freely available public
resource [18]. We supplemented that library with messages
from Text2Quit to add topics not included in SmokefreeTXT
like refusal skills and additional messages on harmful effects
of tobacco use [19]. The second phase included a single-arm
pilot test of the adapted SMS library with 40 participants. In
the final phase, we conducted a 2-arm pilot randomized
controlled trial (RCT) with 100 participants (98 males and 2
females). For all phases, eligible participants were (1) aged 21
to 55 years, (2) smoked =5 cigarettes per day (including dual
users who used both cigarettes and waterpipe), (3) planned to
quit smoking within the next 30 days, (4) had a mobile phone,
(5) used text messaging in the past 6 months, and (6) lived in
Hanoi, Vietham. Exclusion criteriaincluded current participation
in other smoking cessation treatment and waterpipe-only users.

Recruitment and Enrollment

We partnered with acommunity health center in Hanoi to recruit
participants for each phase of the study. Community health
collaborators, who are similar to community health workers
and are assigned to work with the community health centers,
were trained to disseminate study information through
community outreach activities. During their routine outreach,
they assessed smoking status of community membersand shared
study information with current tobacco users. If interested these
individuals were asked for permission to share their contact
information with research staff. Research staff then contacted
potential participants to provide additional details, obtain
consent, and enroll them in the study. This study was approved
by the institutional review boards of New York University
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Grossman School of Medicine and Institute of Social and
Medical Studiesin Vietnam.

SM S Adaptation Procedures

Conceptual Framework

The content of efficacious SMS interventions is based on a
combination of several theoretical frameworksincluding social
cognitive theory, transtheoretica model, and cognitive
behavioral theory [8,19-23]. This includes the SMS libraries
that we adapted for Vietnamese smokers[24,25]. Thesetheories
guided the design of the focus group and interview guides used
intheformative data collection and message modifications. For
example, inthe prequit phase of theintervention, messageswere
designed to promote readiness to quit and increase motivation
(eg, reasons for quitting), address outcome expectancies (eg,
harms of smoking, benefits of quitting), reinforce self-efficacy,
and offer advice for how to prepare for the quit date. In the
postquit phase of the intervention, messages continued to offer
motivational messages similar to those in the prequit phase but
added an emphasis on theimportance of obtaining social support
and offered cognitive and behavioral strategiesfor dealing with
social, emotional, and environmental triggers; coping adaptively
with cravings; and resuming quit attempts after aslip or relapse.

SMS Intervention Adaptation

The final message library was developed through an iterative
processthat included first trang ating messages from the English
language SMS libraries into Vietnamese with some initial
changes to align the content to the Vietnamese context. For
example, strategiesfor coping with nicotine cravingswere edited
to include practices that were relevant to Vietnamese smokers.
We then conducted focus groupsto assess message preferences;
elicit suggestionsto guide further adaptations; and assess reasons
for and barriers to quitting, smoking triggers, and participants
socia networks and their influence on smoking behavior.

Focus groups included quantitative assessment of message
preference followed by group discussions. Participants were
asked to rate 46 text messages on a 1 to 4 scale (1=strongly
didlike, 2=didlike, 3=like, 4=strongly like). Ratings were
summarized while the focus groups elicited more detail s about
smoking patterns and past quit attempts, reasons for quitting,
and barriers to quitting. We then discussed a sample of the
messages that were rated across the response scale options to
gain additional insights about what types of messages were
preferred and elicit suggestions for improving the messages.

Focus groups were moderated by two researchers and were
audiorecorded, transcribed, and translated into English.
Qualitative data analyses were conducted using NVivo 12 (QSR
International). Using an inductive analytic approach, two
research team members independently read a subset of
transcripts (2-3) to identify preliminary themes, relevant
patterns, and clustered concepts and generate questions[26,27].
Using an iterative process, the team continued to review
transcripts until they reached consensus on a final codebook.
One team member then coded the remaining transcripts.

Based on the findings from focus groups, the messages were
further adapted. For example, compared to the original SMS
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programs, greater emphasis was placed on the impact of
smoking on the family’s health and the dangers of smoking.
Other content that was added to align with Vietnamese culture
and specific tobacco use patterns included the health hazards
of waterpipe use, which is still commonly used in Vietnam.
Findings from focus groups also pointed to a need to develop
additional messagesthat encouraged smokersto identify people
intheir network who could support their quit attempt and offered
suggestions on how to refuse an offer of cigarettes or decline
to smoke when others are smoking, a common scenario in a
country with high male smoking rates (eg, “Think of your
children when someone offers you to smoke... Tell them ‘I
promised my children | wouldn’'t smoke'™).

After finalizing the first draft of the SMS library, we enrolled
40 participants in a single-arm pilot test. The participants
received automated bidirectional text messagesfor 6 weeks. At
the end of the pilot test, two researchers conducted in-depth
interviews with a random sample of 10 participants. The
interviews explored 5 areas:

«  Overadl perceptions about the program (eg, “What did you
think of the program?’)

«  Perceptions about specific program features such as the
opportunity to typeinthe keyword TIPSto obtain additional
advice on how to deal with cravings

- Perceptionsabout specific message themes (eg, “What types
of messages were most helpful? Which were least
helpful 7). We read some text messages that participants
received during the intervention and asked what they liked
and didn’t like about the messages, as well as their
suggestions (eg, “How can we improve the messages to
make them more helpful for you?”")

«  Perceptions about other program characteristics including
the number and timing of text messages and length of the
program

«  Suggestions for improving the SM S program.

Similar to the focus groups, the in-depth interview was guided
by our integrated conceptua framework. Two researchers
moderated and audiorecorded the interviews. Interviews were
transcribed and translated into English. Two researchers used
the same approach used to anayze the focus group data.
Findings from the single-arm pilot test demonstrated the
feasibility of retaining participantsin the 6-week SMS cessation
intervention and informed additional modificationsto the content
of the message library. These included a greater emphasis on
harms of smoking versus benefits of quitting and adding more
messages that offered concrete advice about coping with
cravings rather than vague messages meant to motivate smokers
(eg, “ Stay strong, you can do it”).

RCT Procedures

We conducted the pilot RCT (Multimedia A ppendix 1) between
November 2018 and March 2019 with 100 participantsincluding
98 men and 2 women. Participants provided written consent at
thetime of enrollment and were randomized to theintervention
(n=50) or control arm (n=50) using block randomization
stratified by cigarette consumption per day (CPD; 5-10 vs >10
CPD). Participants completed a baseline survey at enrollment
and follow-up surveys at 6 weeks and 12 weeks postenrolIment.
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All surveyswere administered in person by aresearch assistant.
At the end of the intervention period, we conducted in-depth
interviews with a random sample of 16 participants from the
intervention arm to obtain more in-depth information about
their experiences with the program. Participants were
compensated for text messaging charges that occurred during
theintervention and received VND 50,000 (US $2.23) for each
survey and VND 100,000 (US $4.46) for thein-depth interview.

SM S Intervention

The final message library consisted of 188 text messages.
M essages were designed to increase knowledge about smoking
and motivation to quit (elicit reasonsfor quitting, describe harms
of smoking and secondhand smoke exposure and harms of
waterpipe use, provide information about the Quitline); change
outcome expectancies (benefits of quitting); and offer cognitive
and behavioral strategies such asrefusal skillsto assist smokers
in maintaining the quit attempt. Behavioral strategies encouraged
self-efficacy for quitting and encouraged smokers to obtain
socia support from family and friends.

The intervention consisted of a 2-week prequit period and a
4-week postquit period. Participants received 2 or 3 messages
per day during the 2-week prequit period, 4 on the quit date, 3
or 4 per day during the first 2 weeks after the quit date, and 2
or 3 messages per day during the subsequent postquit period.
Prequit messages encouraged smokers to track their smoking
behavior and identify triggers, reinforced reasons for quitting,
elicited smokers' reasons for quitting, and provided advice on
obtaining social support asthey neared their quit date. Postquit
messages were oriented toward relapse prevention and
maintaining motivation and included the themes described
above. In addition to programmed outgoing messages,
participants could send the keyword TIPS to the program to
trigger on-demand messages for additional support.

Starting from the quit date, participants received a weekly
bidirectional text message to assess smoking status as follows:
“Areyou smoke-free? Reply: Yesor No.” Thosewho responded
yes continued to receive postquit messages. Those who answered
no received amessage asking if they preferred to set anew quit
date. Those who responded no continued to receive postquit
messages, and those answering yes received a call from the
research assistant to obtain a new quit date and reset the quit
datein the SM S program which returned to the prequit protocol.
In addition, participants received bidirectional text messages
that assessed their level of craving (hi, med, low) on days 1, 3,
5, 8, 15, and 25. A high or medium craving response triggered
an automated message offering TIPS from the SM S program.
Participants could opt out of the SMS program at any time by
texting STOP. At the start of the program, participants were
made aware that they had the option to text STOP at any time
during the trial to discontinue receiving messages.

Control Arm

Participants in the control arm received one text assessment
message per week at a fixed time in the evening during the
6-week intervention period: “Are you smoke-free? Reply: Yes
or No.” The control condition was consistent with previous
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SMS cessation trials that included minimum exposure for
participants in the control group [15,28].

M easures

We conducted surveys at baseline and at 6 weeks (end of
treatment) and 12 weeks. The baseline survey captured
sociodemographic information such as gender, age, education,
and household income level; text messaging habits; and smoking
behavior, including CPD and waterpipe sessions per day.
Participants were dichotomized as dual users if they reported
waterpipe use on some day or every day or cigarette-only
smokers if they responded not at al to the waterpipe use
guestion.

Measures of feasibility included reach (ie, the proportion of
individuals approached who enrolled) and survey assessment
response rates. We also tracked if participants experienced
technical problems.

Two measures of program engagement were assessed using the
6-week survey: (1) the number of weeks that participants
reported using the program (calculated as the mean number of
days using the program based on that response) and (2)
self-reported  frequency of reading the messages
(always/usually/sometimes/never). Two additional measures
included the proportion of participants who responded to the
bidirectional text message assessments with mean number of
times they responded and the proportion who texted the
keywords (eg, TIPS) with mean number of times they texted
the keyword.

Program acceptability was assessed at 6 weeks by asking
participants to rate their overall satisfaction with the SMS
program (for intervention arm) or the weekly text assessment
(for control arm; very satisfied/satisfied/unsatisfied/very
unsatisfied), perceived number of messages (too many/just
right/too few), and their agreement with statements such as“ The
text messages helped me quit smoking” using a 4-point Likert
scale from “strongly disagree” to “strongly agree.”

Smoking abstinence was assessed at 6 weeks and 12 weeks.
Abstinence was defined as sel f-reported no smoking in the past
7 days confirmed with a carbon monoxide of 10 ppm or less
[29]. Quit attempts were assessed by asking participantsif they
had ever stopped smoking cigarettes for a day or more during
theintervention period because they weretrying to quit (yes/no).
Reductions in cigarettes smoked per day was cal culated as the
difference in CPDs at baseline compared with 6 weeks and 12
weeks.

In-Depth I nterview Procedures

We conducted in-depth interviews with 16 randomly selected
participants from the intervention arm. Using a semistructured
guide similar to the single-arm pilot test, two researchers
moderated and audiorecorded the interviews to obtain more
in-depth information about what they liked and didn’t like about
the program and elicit recommendationsfor improving the SMS
program. Interviews were transcribed and trandlated into
English.
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Data Analysis

We analyzed quantitative data using the R statistical computing
environment (R Foundation for Statistical Computing) [30].
Sociodemographic characteristics of the sample, the
intention-to-treat abstinence rates, and other cessation outcomes
were compared by study arm using Pearson chi-square and t
tests. We used descriptive statistics to summarize program
acceptability and engagement results. All tests of statistical
significance were 2-tailed, and P<.05 was considered significant.
The process for qualitative analyses was the same across the 3
aims and described above.

Jang et d

Results

Participant Demographics and Smoking Behavior

On average, participants were aged 38.9 (SD 8.2) years (Table
1). A total of 77.0% of participants (77/100) graduated from
high school or had attended vocationa school or college, and
70.0% (70/100) had a household income level of more than
VND 100,000,000 (US $4,455.5). Our sample included more
cigarette-only smokers (58/100, 58.0%) than dual users (42/100,
42.0%). Participants smoked an average of 15.4 (SD 8.2) CPD.
Dual usersreported amean of 11.8 (SD 10.4) waterpipe sessions

per day.

Table 1. Sociodemographic and tobacco use characteristics of participants at baseline by study arm.

Characteristic Total (n=100) Intervention arm (n=50) Control arm (n=50) P value
Age (years), mean (SD) 38.9(8.2) 40.0 (7.5) 37.7(8.7) 17
Educational attainment, n (%) _a — — .63
Primary school or less 2(2.0) 2(4.0) 0(0) —
Middle school 21(21.0) 10 (20.0) 11 (22.0) —
High school 38(38.0) 20 (40.0) 18 (36.0) —
Vocational school or college 39 (39.0) 18 (36.0) 21 (42.0) —
Household income level, n (%) — — — A2
<50,000,000 VND 4(4.0) 3(6.0) 1(2.0) —
50,000,000-100,000,000 VND 24 (24.0 15 (30.0) 9(18.0) —
>100,000,000 VND 70 (70.0) 30 (60.0) 40 (80.0) —
Unreported 2(2.0) 2(4.0 0(0) —
Type of smoker, n (%) — — — 31
Cigarette-only smoker 58 (58.0) 32 (64.0) 26 (52.0) —
Dual user 42 (42.0) 18 (36.0) 24 (48.0) —
Cigarette consumption per day, mean (SD) 15.4(8.2) 15.4 (8.0) 15.4 (8.6) .98
Number of waterpipe sessions per dayb, mean (SD) 11.8(10.4) 143(12.9) 9.9(7.7) 18
Cigarette quit attempt in the past 12 months, n (%) — — — 41
Yes 36 (36.0) 34(68.0) 30 (60.0) —
No 64 (64.0) 16 (32.0) 20 (40.0) —
3N ot applicable.

ba mong dual users only (n=42).

Feasibility

Almost al of those screened were eligible and 99.0% (100/101
eligible participants) enrolled in the study. All participants
completed the 6-week and 12-week follow-up surveys. There
were no technical issues reported by participants or the SMS
vendor.

Engagement
The mean number of days that participants reported using the
program was 36.4 (SD 3.4), out of a total of 42 days, in the
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intervention arm and 36.0 (SD 3.9) for the control arm (Table
2). None of the participants texted the keyword STOP to
unsubscribe from the program. Among participants in the
intervention arm, 8% (4/50) reset the quit date and 38% (19/50)
texted the keyword TIPSto trigger on-demand messages at |east
once (only theintervention arm hasthese options). The majority
of participantsin both armsreported that they alwaysor usually
read the text messages.
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Table 2. Participant engagement and program acceptability.

Jang et d

Intervention arm  Control arm

Measure (n=50) (n=50)
Engagement
Number of days used program? mean (SD) 364 (3.4) 36.0(3.9)
Ever texted TIPS to the SMS program, n (%) 19(38) _b
Mean number of times texted TIPS®, mean (SD) 51(81) -
Ever responded to text assessment, n (%) 36 (72) —
Mean number of times responded to text assasmentd, mean (SD) 53(4.1) -
Frequency of reading messages, n (%)
Always 27 (54) 18 (36)
Usually 14 (28) 22 (44)
Sometimes 9(18) 10 (20)
Never 0(0) 0(0)
Acceptability
Overall satisfaction with the program? n (%)
Very satisfied 14 (28) 0(0)
Satisfied 35 (70) 41(82)
Unsatisfied 129 0(0)
Very unsatisfied 0(0) 9(18)
Number of messages received from the program? n (%)
Too many 11 (22) 3(6)
Just right 39(78) 38 (76)
Too few 0(0) 9(18)
Agreed or strongly agreed with the statements, n (%)
“The text messages helped me quit smoking” 47 (94) 40 (80)
“1 learned alot from using the text program” 48 (96) 36 (72)
“The text program gave me confidence to quit” 43 (86) 40 (80)
“The text messages motivated me to quit smoking” 47 (94) 41 (82)
“Using the text program helped with cravings and triggers’ 41 (92) 35 (70)
“Using the text program motivated me to try to quit again if | quit and then started to smoke again” 45 (90) 37 (74)
“| trusted the information in the messages’ 49 (98) —
“The text messages gave me ideas about how to refuse cigarettes offered by others’ 41 (92) —

#The program refers to the SM'S cessation program for the intervention arm and weekly text assessment for the control arm.

BNot applicable.

CAmong participants who had ever texted keywords to trigger on-demand messages (n=19).

aa mong participants who had ever responded to text assessment (n=36).

Acceptability

All but one participant in the intervention arm reported being
satisfied or very satisfied with the program overall and none
reported being very unsatisfied (Table 2). In contrast, none of
the participants in the control arm reported being very satisfied
and 18% (9/50) reported being very unsatisfied. The majority
of participantsin both arms perceived the number of messages
asjust right, however 18% (9/50) of participantsin the control
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arm responded that there were too few compared with nonein
the intervention arm. Although for both arms there was a high
level of agreement that the program increased confidence, was
hel pful, and increased motivation, participantsin theintervention
arm consistently expressed higher levels of acceptability across
these measures than those in the control arm.
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Smoking Abstinence, Quit Attempts, and Reduction
in CPDs

The biochemically verified abstinence was higher in the
intervention arm than the control arm (6 week: 20% [10/50] vs
2% [1/50]; P=.01; 12 week: 12% [6/50] vs 6% [3/50]; P=.49),

Table 3. Abstinence outcomes at 6-week and 12-week follow-up.

Jang et d

although the difference was not significant at 12 weeks (Table
3). The proportion of participants who reported quit attempts
increased from 6 weeks to 12 weeks in both arms, but we
observed no difference between the two arms. Similarly, the
reduction in CPD increased over time but there was no
difference by arm.

Measure Intervention (n=50) Control arm (n=50) P value
6-week follow-up
Biochemically verified abstinence, n (%) 10 (20) 12 .01
Quit attempt, n (%) 21 (68) 28 (68) >.99
Reduction in CPD? as compared to basaline®, mean (SD) 9.3(7.8) 6.8(5.8) 13
12-week follow-up
Biochemically verified abstinence, n (%) 6 (12) 3(6) 49
Quit attempt, n (%) 27 (79) 32(87) .53
Reduction in CPD as compared to baseline®, mean (SD) 11183 99(7.3) 52

8CPD: cigarette consumption per day.
bAmong participants who reported not quit yet.

Qualitative Findings

The qualitative data supported and expanded on the survey
findingsfor theintervention arm. The main themesthat emerged
included the overall value of the SMS program, message
preferences, perceptions about specific features (eg, timing,
bidirectional messaging), and recommendations for enhancing
the program. Almost all of the participants liked the SMS
program and described it as helpful,, primarily becauseit offered
encouragement and enhanced motivation and served as a
reminder to stay on track.

The messages motivated me and reminded me not to
smoke. [#15, 39 years, mal€]

| felt like they [text messages] made me determined
to quit. [#16, 43 years, femal€]

Messages that included craving management strategies and
addressed the harmful effects of smoking were described as
particularly useful. A participant noted that he “learned many
things...about the ways to overcome cravings’ [#1, 54 years,
male]. Another explained that messages about the negative
consequences of tobacco were “like a warning, helping us
understand the danger of smoking and benefits of quitting. So
we became conscious and then decided to quit” [#8, 50 years,
male].

Reactions to messages that suggested strategies for refusing
cigarettes in social situations were mostly positive. One
participant noted that those messages“ provided the most smple
and effective way to refuseinvitationsto smoke” [#10, 50 years,
male]. However, a few participants suggested rewording these
in ways that were more consistent with how they communicate
with friends and family.

Many of the participants preferred a more tailored approach in
terms of message timing.

https:.//mhealth.jmir.org/2021/10/e27478

You should send text messages to the relevant time
frame of each individual. [#6, 34 years, mal€]

One participant wanted the messages to be sent when he had
the cravings.

You could send the messages at those time. [#6, 34
years, male)
Participants did have the option to proactively text the keyword
TIPS to generate messages during those difficult times, but few
routinely used the option.

Participants suggested several additional modifications to
enhance the program. Additional content changes including
adding more text messages about the health consequences of
smoking.

| want to receive more text messages on the risks of
smoking so my determination in quitting may be
stronger. [#8, 50 years, mal€]
Participants expressed a strong interest in a more interactive
approach.

Sometimes | wanted to interact with the person who
sent the messages, but | could not do that. The
interaction was limited to the responses of yes or no.
[#6, 34 years, mal€]

Similarly, another suggested allowing users to “ask [text] my
own questions’ (#4, 51 years, male) rather than using the
keyword. A few participants suggested adding telephone
interactions with a counselor. Last, the majority of smokers
suggested extending the intervention duration.

| want to receive text messagesfor alonger time. [#6,
34 years, male]

[17t may be more effective if the duration is longer.
[#11, 33 years, mal€]
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Discussion

Principal Findings

We found support for the feasibility and acceptability of a
culturally and linguistically adapted SMS program devel oped
for tobacco usersin Vietham. Smokers overwhel mingly agreed
that the messageswere hel pful, motivated them to quit, and that
they would continue to use the program if it was available. A
majority of thosein theintervention arm also reported that they
usually or alwaysread the messages. However, few participants
took advantage of the interactive feature that offered them the
opportunity to elicit additional support by texting the keyword.
Qualitative data suggested that Vietnamese smokers preferred
toreceivetipsas part of the main program and to interact on an
asneeded basisin away that would allow them to ask questions
and receive tailored responses.

Engagement, defined as the mean number of days that
participants used the program, was relatively high compared to
previous studies. In the intervention arm, 60% remained in the
program for at least 5 weeks. Thisisin contrast to studiesin
high income countries that have reported challenges retaining
SMS participants [22]. This may be related to the novel nature
of thistype of interventionin Vietnam. Additiona modifications
to the program design, as suggested by the participants, may
further increase engagement.

The need for significant changes in content and tone of the
origina message libraries demonstrated the importance of local
adaptation in LMICs. As an example, the original message
libraries included very few messages about the dangers of
tobacco use and instead focused on the benefits of quitting. In
contrast, at each stage of development, smokers expressed a
preference for more messages that used negative framing of
health risks (eg, “If you continue to smoke, your risk of dying
from cancer is 25% higher than nonsmokers’). A review of
studies that analyzed the impact of emphasizing benefits (gain
framed) versus costs (loss framed) found a small advantage of
gain versus loss framed messages, but findings were mixed,
and these data are based on studies in high income countries
[31]. In the process of adapting programs to LMIC contexts,
there is an opportunity to continue to explore how messages
can be more effectively designed to motivate long-term
abstinence. Whether gain or lossframed, an emphasison health
risks seems important in LMIC contexts.

The control arm’s high level of engagement and satisfaction
with the program that only included weekly text assessments
was an unexpected finding. This may reflect the lack of prior
experiences with any smoking cessation services among
Viethamese smokers. Vietnam has not widely disseminated
WHO guidelines for integrating routine tobacco use screening
and brief advice into the primary care health system [6], and
although there is a Quitline, smokers were largely unaware of
this resource. Hence, receiving even a weekly text question
about their smoking status may have generated the perception
that they were receiving tobacco cessation support. Despite their
overall satisfaction, compared to the intervention arm, the
control arm was less likely to achieve biochemically verified
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abstinence at 6 weeks. This provides some support for the SMS
program’s specific content.

These results should be interpreted as preliminary given the
small sample size of this pilot study, as well as the relative
brevity of our program as compared to some of the existing
SMS cessation interventions [19,20,32,33]. Participants were
interested in engaging for longer durations, which could increase
abstinence rates over time. However, the results are consistent
with one of thefew studies conducted in an LMIC. For example,
in China, Liao et a [34] conducted a 12-week SMS cessation
intervention and reported higher biochemicaly verified
abstinence in intervention groups (high frequency message
group: 6.5%; low-frequency message group: 6.0%) than the
control group (1.9%). A recent review of mHealth cessation
interventions in LMICs concluded that more rigorous studies,
with longer follow up and biochemical verification, are needed
to further study efficacy in LMIC [13].

Finally, the review by Krishnan et al [13] also suggested the
need to compare different characteristics of mHealth cessation
interventions. For example, participants requested more message
tailoring. Tailoring messagesto readiness may increase program
effectiveness but findings from studies using this approach are
not definitive [15,35]. A few studies outside of LMIC settings
have also tested and reported promising findings for strategies
that combine SM S programs with interpersonal supports such
as peer mentoring from former smokers [16], individual
counseling led by professional [35], and counselors’ responses
to user composed questions[32]. Adding interpersonal supports
may improve user experience and engagement [16,32,35,36]
and was requested by our participants. However, the costs of
integrating this format into automated SMS programs may
reduce the feasibility of scaling programs nationally [37]. New
approaches such as the use of automated chatbots may address
one of the recommendations from participants to create
opportunities for more human interaction with marginal costs.
Chatbots offer a conversation interface that can both answer
guestions posed by the user in anatural language and ask them
guestions creating a virtual coach experience [38].

Limitations

Our study haslimitations. First, participantswere recruited from
two urban wards in one city. Thus, the findings may not be
generalizable to all smokers in Vietnam. In addition, we
excluded waterpipe-only smokers. Additional researchisneeded
to explore the value of tailoring mHealth programs to specific
types of tobacco users. Second, we did not conduct qualitative
interviews with the control arm, which could have provided
additional insightsinto their experience and reasonsfor the high
levels of engagement and acceptability of weekly text
assessment. Third, whilethe study samplewas small, astrength
of the study was the high retention rates, with al participants
completing both follow-up assessments. L ast, our study sample
included only 2 women, which is consistent with the low
smoking rate among Vietnamese women (1.1%) as smoking is
less acceptable among women [39,40]. Thismay limit our ability
to generalize to this population of smokers.
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Conclusion future research continues to grow the evidence for effective

Despite these limitations, this study contributes to the small MHealth cessation programs in a given context, LMICs are
body of literature on mobile phone smoking cessation treatment  2€9iNNing to adopt and scale these programs [41]. Therefore, it
carried out in LMICs. The data supported the feasibility and 1S €qually important to support the design and integration of
acceptability of a culturally adapted SMS cessation treatment  |0W/-C0St monitoring and evaluation systems to guide program
program and demonstrated short-term efficacy in promoting modifications that_ respond to user feedback and sustain and
abstinence among Vietnamese smokers. While ongoing and  €nhance program impact [42].
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Abstract

Background: Thereis arapid uptake of mobile-enabled technologies in lower- and upper-middle-income countries because
of its portability, ability to reduce mobility, and facilitation of communication. However, there is limited empirical evidence on
the useful ness of mobile health (mHealth) information and communication technologies (ICTs) to address constraints associated
with the work activities of health care professionals at points of carein hospital settings.

Objective: This study aims to explore opportunities for integrating mHealth ICTs into the work activities of health care
professionals at points of care in clinical settings of hospitals in Sub-Saharan Africa. Thus, the research question is, “How can
mHealth ICTs be integrated into the work activities of health care professionals at points of care in hospital settings?’

Methods: A qualitative approach was adopted to understand the work activities and points at which mHealth ICTs could be
integrated to support health care professionals. The techniques of inquiry were semistructured interviews and co-design activities.
These techniques were used to ensure the participation of frontline end users and determine how mHealth |CTs could beintegrated
into the point of care in hospital settings. Purposive and snowball sampling techniques were used to select tertiary hospitals and
participants for this study from South Africa and Nigeria. A total of 19 participants, including physicians, nurses, and hospital
managers, were engaged in the study. Ethical clearance was granted by the University research committee and the respective
hospitals. The data collected were sorted and interpreted using thematic analysis and Activity Analysis and Development model.

Results: The findings show that mHealth ICTs are suitable at points where health care professionals consult with patientsin
the hospital clinics, remote communication is needed, and management of referralsand report writing arerequired. It wasinferred
that mHealth ICTs could be negatively disruptive, and some participants perceived the use of mobile devices while engaging
with patients as unprofessional. These findings were informed by the outcomes of the interplay between human attributes and
technology capabilities during the transformation of the motives of work activity into theintended goal, which isenhanced service
delivery.

Conclusions: The opportunities to integrate mHealth ICTs into clinical settings depend on the inefficiencies of interaction
moments experienced by health care professional s at points of care during patient consultation, remote communication, referrals,
and report writing. Thus, the timeliness of mHealth ICTs to address constraints experienced by health care professionals during
work activities should take into consideration the type of work activity and the contextual factorsthat may result in contradictions
in relation to technology features. This study contributes toward the design of mHealth ICTs by industry vendors and its usability
evauation for the work activity outcomes of health care professionals.
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Introduction

Background

The emergence of mobile health (mHealth) technologies
originated from a need to provide support for health care
professionals, workers, and patients to deliver and receive
services efficiently at any time and anywhere. The concept of
mHealth transcends beyond delocalized delivery of health care
services. It includes the use of portable technologies (and
sometimes enabled wireless communication) as a means of
facilitating the processing and provision of timely information
on the management of health care [1,2]. Thus, mHealth is
referred to as the use of mobile technologies such as
smartphones, tablets, and sensor-enabl ed hand-held devicesfor
health-related purposes [3]. However, similar to other digital
systems, there are challenges that hinder the effective use of
mHealth information and communication technologies (ICTSs)
to support tasks within the work activities of health care
professionals at points of care [4,5]. Health care professionals
represent askilled workforce that includes specialist physicians
and nurseswho carry out clinical work activitiesto provide care
services at the point of care. Point of care refers to locations
within clinical settingswhere health care professionals perform
tasks that encompass the management of patients' health and
service delivery [6]. Thus, this paper explores how mHealth
ICTs can be integrated into the work activities of health care
professionals at the point of care in hospital settings to support
the delivery of safe and quality care.

The existing literature has alluded to the claims that the outcome
of technol ogy-enabled work activitiesisinfluenced by the ability
of hedth care professionals to make timely and informed
decisions that ensure the quality of service delivery and,
ultimately, improve patient well-being [7,8]. However, when
adopted and designed without adequate consideration of the
work activities executed by health care professionals,
implemented health ICTs, including mHealth apps, are used
partialy or eventualy discarded [9]. Although there is an
increasing global penetration of mobile communication and
devices in every other sector, such as commerce and banking,
the application of mHealth ICTs by health care professionals
at point of care in hospital settings is rarely explored, and the
impact on service delivery isunclear [5,10,11].

The use of mHealth ICTs by health care professionals at the
point of care has potentia benefits. Owing to the
information-intensive nature of health care services and the
dependence of timely decision-making on up-to-date records,
desktop computers may restrict the access, retrieval, and
exchange of information to specific locationsin hospital settings.
Conversdly, amgjor advantage of mHealth ICTsisthat it enables
real-time access to patient information and communication at
different points of care and does not restrict the mobility of
health care professionals [5]. It reduces time- and

https://mhealth.jmir.org/2021/10/e26358

location-related constraints that may hinder health care
professionals from quickly retrieving patient information for
timely decision-making, especialy where access to
computer-based recordsislimited [12]. In case of emergencies,
the use of mHealth | CTs provides a platform where health care
professionals can easily verify clinical guidelines and related
prescriptions in academic journals to make informed decisions
and monitor patient vitals[6,13,14]. Ideally, mHealth ICTs are
beneficial for addressing the shortcomings associated with
timely retrieval of information and communication at point of
care to ensure job and patient satisfaction after health care
service delivery.

There are examples of initiatives in which mHealth ICTs have
been developed to improve the care delivered by health care
professionals to patients. Most of theinitiatives are focused on
specific public health-related health challenges for data
collection by community- and home-based health care workers
[15,16]. For example, MomConnect is built for affordable
mobile handsets, with support for unstructured supplementary
service data, SM S text messages, and voice communication. It
offersmessaging servicesthat enable pregnant women to interact
with health care providers through SM'S text messages, asking
questions, and submitting complaints to help improve their
health as well as the health of their babies [17]. The Clinical
Patient Administration Kit is a mobile-enabled electronic
medical record tablet that assists clinicians in facilitating the
tracking and reporting of treatment and outcomes in maternal
and infant care services [18]. Clinical Patient Administration
Kit improved the tasks performed by clinicians by eliminating
repetition of tasks and records and providing timely care to
patients at clinics.

It was drawn from the literature that treatments and well-being
of patients have been extended out of the hospital to homes as
aresult of the access to and ownership of mobile technologies;
however, there are limited studies on how tasks within work
activities inform the use of mHealth ICTs by health care
professionals at point of carein hospital settings. Other studies
have investigated the attitudes and behaviors of health care
professionals toward the acceptance and use of mHealth ICTs
for its benefits [2,19-22]. In contrast to its benefits, there are
concerns that mHealth ICTs could inhibit health care
professionals when the nature of tasks performed within work
activitiesis not adequately understood or considered.

Concerns have been raised by some authors regarding the
unintended consequences associated with the use of mHealth
| CTsand related applications within health care settings. In this
paper, the authors refer to unintended consegquences as
contradictions that result from the tensions between
sociotechnical interactions[23]. Unintended consequences can
be either desirable or undesirable. For example, Watson et &
[24] shared their views that despite its usefulness, WhatsApp
(Facebook Inc) is not a secure communication channel for the
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exchange of patient clinical data because of weak encryption
and the vulnerability of information during transmission.
Therefore, it does not satisfy regulatory standards for use in
health care[11]. In addition, Walliset a [11] stated that mHealth
ICTs are mostly not designed to interoperate with third-party
apps or legacy systems. As aresult, this causes fragmentation
of datawithin the health care system. Other concernshighlighted
by authors include the inhibition of workflow [7,25], time
inefficiency [26], and influence on the patient-physician
relationship [27].

Activity Analysis and Development M odel

This paper explores opportunitiesfor integrating mHealth ICTs
into the work activities of health care professionals at point of
care using the Activity Analysis and Development (ActAD)
model. The argument of this paper is that understanding the
interaction between the elements of awork activity presentsan
opportunity for the integration of mHealth ICTs to enable the
work activities of health care professionals at point of care and
identify the contradictions that may influence unintended
consequences associated with technology-enabled work
activities.

The ActAD model is a theoretical approach used to describe
the elements of awork activity and to gaininsightson how their
interactions inform the development of information systems
[28]. A work activity comprises actors (individuals or groups)
that usetools (means) to perform actions on an object that could
be shared as informed by the motive of the activity and guided
by a set of rules [29]. Ultimately, the mative of the activity is
transformed into agoal or an intended outcome.

In the context of this study, work activities are defined as the
set of actions performed by health care professional s according
to their medical practicetoward delivering health care services.
Actions may include collection, access, and retrieval of
information; sharing and exchange of information;
communication between health care professionals; and use of
the information to make informed decisions about patients
health and well-being. The actions can be enabled by means of
action that would be mHealth ICTsin the context of this study.
The object of activity is the patient information or records,
whereas the motive of the activity is to make an informed
decision. Patient information could be a shared object of
networking or shared object of action, depending on how it
serves agroup of health care professionals. Patient information
enables health care professionals to make informed decisions
on the state of well-being of patients to improve their health
conditions. Ultimately, the motive of the activity istransformed
into the intended goal or outcome of the activity.

Next, the research strategy and methods used to engage
participants in exploring opportunities to integrate mHealth
ICTs into the work activities of health care professionals at
point of care are discussed, followed by data analysis results
and interpretation of the research findings.

https://mhealth.jmir.org/2021/10/e26358
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Methods

Qualitative Approach

The study was exploratory, as informed by the research
objectives. Theresearchers adopted an interpretivist standpoint
because of the subjective nature of socially constructed realities
of different health care professionals who use (or do not use)
mHealth ICTs for their work activities at the point of care. A
qualitative strategy, including multiple techniques, specifically
semistructured interviews and co-design activities, was used to
engage the participants.

According to Myers and Newman [30], semistructured
interviews enable the use of open-ended questions to gain
insights and to afford opportunities for new areasto emerge for
further exploration of aresearch problem. The use of co-design
activities enables the users or potential users of a product or
service to express their lived experiences and expectations
visually, such that a researcher or designer can gain further
insights into the use contexts [31].

The use of multiple techniques enabled researchers to draw
inferences from the thoughts, experiences, and expectations of
participants to understand the work activities of the health care
service delivery process. More importantly, the techniques
helped to understand the service interactions between health
care professionals and technology-enabled work activitiesin a
bid to identify opportunities to integrate mHealth ICTs into
point of care hospital settings.

Participants were selected using purposive and snowball
techniques. The 2 are nonrandom sampling techniques applied
to select asample size from aresearch popul ation based on the
biased judgment of the researcher in line with a research
objective[32]. Thesetechniqueswere applied to identify health
care professionalswho could provide adetailed account of daily
clinical work activities and the tools used to enable specific
actions within the process of care delivery. The snowball
technique was adopted because of the difficulty in reaching
available physicianswho werewilling to participatein the study
because of their busy schedule. Thus, participants suggested
some of their colleagues that could describe how technologies
are currently being used and opportunitiesto integrate mHealth
ICTsat point of care.

Recruitment of Participants

Overview

A study by Abyaomi et a [22] on the factors that enable or
inhibit the behavioral intention of physicians to use clinical
informatics selected Nigeria and South Africa as leading
economic powerhouses in Africa. According to a study on
e-readiness of African countries conducted by Ifinedo [33],
South Africa and Nigeria ranked within the top 5 countriesin
Sub-Saharan Africa with emerging technological innovation
for a networked economy.

Health and the quality of health care service delivery contribute
to the skills and well-being of human resources required for
developing and sustaining economies. In this paper, the
researchers considered Nigeria and South Africa to be 2
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countries with comparable economic growth and are ideal for
exploring the opportunities to integrate mHealth ICTs into the
work activities of health care professionals to address the
challenges that inhibit job satisfaction and quality health care
service delivery.

Clinical Settings

The study was conducted in 2 tertiary hospitals, one in the
Western Cape Province of South Africa and in the South
Western geopolitical region of Nigeria because they provide
specialized clinical care. The researchers purposively chose to
investigate the workflow of health care professionalsin clinical
departments where activities are technol ogy-enabled to ensure
that the participants selected align with the aim of the study.
For example, the authors considered clinical departments that
deal with medical imaging and reporting where executing work
activities involves the use of electronic systems and digitized
records.

The 2 contexts comprised contrasting situations. In one of the
tertiary hospitals, the physicians were using their smartphones
and health ICTs, including a mobile app called VULA created
by Dr William Mapham, whereas health care professionalsin
the other hospital largely used a paper-based system at points
of care. In both tertiary hospitals, WhatsApp is used asameans
of facilitating communication and sharing patient information.

WhatsApp is a consumer-oriented mobile app that can be
installed to facilitate instant messaging in the form of text,

Table 1. Sampled participants and techniques of engagement.

Ogundaini et al

pictures, audio, or video between two or multiple
internet-enabled devices, including smartphones [34,35]. It
offers a platform for health care professionals to exchange
health-related information and communicate with each other or
to follow up with patients on the status of their well-being [36].
WhatsApp could be interpreted as an improved version of the
two-way pager used by health care professionals, which saves
time, requires no computer, and limits communication barriers
between colleagues.

Similar to WhatsApp, the VULA mobile app was designed to
facilitate remote communication between health care
professionals and workers as well as to manage referrals at
points of care [37]. The VULA app alows health workers to
seek advice and receive training from their more experienced
colleagues or specialist physicians. The VULA app is an
established referral platform used in the Western Cape Province
of South Africa by clinical units, including orthopedics and
ophthalmology, as a point of entry to facilitate the exchange of
medical images and instant messaging related to rea-time
diagnostic and treatment consultation [38].

Asdescribedin Table 1, atotal of 19 participants were engaged
in this study and identified through purposive and snowball
sampling techniques. In the tertiary hospital selected in South
Africa, participants included 2 ophthalmology specialist
physicians; 6 orthopedic specialist physiciansand 3 nurseswho
manage trauma care wards, intensive care units and theater
wards; and the deputy nursing manager of the hospital.

Pseudocode for participants

Clinical department  Technique of engagement

oph1_H12 oph2_H1

ortl_H1, ort2_H1, ort3 H1, ortd H1, ort5_H1, ort6_H1

Deputy nursing manager (dnm_H1), traumaunit operational manager (tn_H1),
theater operational manager (ton_H1), intensive care unit operational manager

(icn_H1)

RR1 H2°, RR2_H2

ortC_H2

Genera surgeon (gs_H2); neurosurgeon (ns_H2)

Assistant director of nursing services (adn_H2); Orthopedic nurse (on_H2)

Ophthalmology Face-to-face interviews at hospital H1 in the
physicians' library

Orthopedic Face-to-face interviews and co-design activity
at the physicians' library

Nursing Face-to-faceinterviews and co-design activities
at the nursing board room

Radiology Face-to-face interviews at hospital H2 in the
physicians’ consulting room and co-design activ-
ities

Orthopedic Face-to-face interviews and co-design activity
at hospital H2 inthe physicians' consulting room

Surgery Face-to-face interviews and co-design activity
at hospital H2 inthe physicians' consulting room

Nursing Face-to-face interviews and co-design activity

at hospital H2 inthe physicians' consulting room

8H1: South African hospital.
bH2: Nigerian hospital.

In the Nigerian tertiary hospital, participants were 2 radiol ogist
physicians, 1 orthopedic nurse, 1 assistant nursing director in
radiology, 1 orthopedic consultant, 1 neurosurgery consultant,
and 1 general surgery consultant. A common drawback in the
2 contexts is that physicians were mostly unable to honor
appointments because of their busy schedules. Thisisacommon
phenomenon reported in a study by Kabanda and Rother [39].

https://mhealth.jmir.org/2021/10/e26358

Data Collection Process

Datawere collected from both tertiary hospitalsfrom September
2018-January 2019. Hospital managers were the first point of
contact at the hospitals. The hospital managers directed the
heads of clinical departments that deal with medical imaging
and reporting to assist experienced physicians and nurses who
were interested and willing to participate in the study. The
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interested participants were contacted by email, and
appointmentswere set up based on their convenience and subject
to their availability.

Two sets of data were collected from the participants. The
interviews and co-design activities took place within the
hospitals' premises as convenient for each participant. Each
interview lasted an average of 40 minutes, whereas each of the
co-design activities lasted an average of 60 minutes. The
participants were allowed time to express themselves as they
could, whereas the sessionswere recorded with a portable voice
recorder.

During each co-design activity, one of the researchers assumed
the role of a facilitator to incorporate their knowledge of the
issues of investigation and the research design procedure to
encourage participants’ active participation. The motivation for
using a co-design activity was to comply with ethical concerns
and avoid any disruptions that are associated with directly
observing health care professionals workflow in real time.

In preparation for the co-design activities, aset of paper cut-out
graphic representations of physicians, nurses, and the toolsthat
portray health carework activities, asindicated in theliterature,
were provided to participants. Cut-out representations of actors
and tools provide an opportunity for participants to visually
express and map their actions and experiences to researchers
[40Q]. In addition, large pieces of paper, pencils, erasers, and
stickers were provided to health care professionals as writing
materialsto illustrate the directions of their workflow.

The participants performed three tasks during the coactivity
sessions. Thefirst task wasfor participantsto visualy illustrate
the start of their daily work activities, how they perform their
tasks, and the tools used, if any. Subsequently, the participants
used the cut-outs to represent themselves, as actors, on alarge
piece of paper using the stickers, thereby giving practical
descriptions of the actions undertaken at the point of care. The
outcome of thefirst task wasavisual illustration of the workflow
or user journeys of health care professionals from the first
encounter with a patient until the patient is discharged,
transferred, or deceased.

For the second task, the researcher used visual illustrations
generated by participants to identify the touchpoints within the
user journeys. Inthis paper, touchpoints are described as contact
points where a network of human actors and objectsinteract to
produce or influence an outcome [41]. By identifying the
touchpoints, the researcher was able to determinetheinteraction
moments of tasks performed by health care professionalsduring
work activities. The interaction moments could be
human-to-technol ogy, human-to-human, or machine-to-human
actions.

The researcher then probed using open-ended questions to
determine whether there were any challenges experienced by
health care professionalsat any point or while using health ICTs
within the visual illustration generated. The outcome of this
task produced the challenges, unintended consequences, and
theresulting effects attributed to the use of health ICTs by health
care professionals.
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For the third task, the outcomes of the second task were used
to facilitate a discussion between the researcher and participants
on how mHealth ICTs could be integrated into their work
activities at the point of care. The outcome of the third task
presented an opportunity to identify the characteristics of the
expected features that a fit-for-purpose technology could have
to enable health care professionals' work activities. Thismarked
the end of the co-design activities.

Ultimately, the data collected from the semi structured interviews
were used to inform and complement the coactivity sessions
used to engage with physicians and nurses. By doing so, the
researcher was able to validate what health care professionals
said against their actions. Both techniques enabled the researcher
to identify opportunities to integrate mHealth ICTs into the
work activities of health care professionals at the point of care
in ahospital setting.

Ethical Consider ations

To ensure that the research was executed in a manner that
guarantees saf ety and harm-free procedures to the participants,
the researchers, and the environment, an ethical clearance was
obtained from all relevant authorities. The authorities include,
first, the University’s research ethics committee, then the
researcher applied to the Western Cape Provincial department
of health, South Africa, and the tertiary hospital in Nigeria.
Permission was granted on the condition that the researchers
adhered to the delineation and safety measures highlighted in
the ethics clearance application.

An information sheet was provided to each of the individual
participants explaining that participation was voluntary, and
consent could be withdrawn if they felt that the questions being
asked were uncomfortable. In other words, participation was
not incentivized. The participants signed a consent form that
allowed interview and co-design sessions to be recorded, and
they were aware that the information collected would be used
in a confidential manner and responses would not be
misconstrued. For security purposes, the data obtained from the
participants were stowed away in a password-protected folder
on a secured desktop computer at all times.

Data Analysis Process

Thematic analysis was used to sort and organize qualitative
data. The process of thematic analysis enabled the researcher
to determine the frequency of attributes to present the findings
[42]. First, the recorded data collected from participants were
transcribed from audio to verbatim text to allow the researcher
to easily categorize the datainto themes. To group the datainto
themes, the researcher used descriptive codes to tag the
emerging attributes, which are words or phrases that imply the
issues being investigated, and then categorize the codes into
themes [43]. The processes through which attributes emerge
are identified were conceptualization and operationalization.

Conceptualization refersto defining the keywords of aresearch
guestion or objective, whereas operationalization is used to
identify the attributes that characterize the keywords through a
process of coding [32]. The coding process involved assigning
adescriptive word to identify points where mHealth ICTswere
being used and could be integrated into the work activities of
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themes were informed by the elements of the ActAD model, as

enabled the researcher to sort and organize the data collected  shown in Textbox 1.

from the interviews and the co-design activity transcripts. The

Textbox 1. Themes and findings generated from the categorizing of transcript codes.

Resear ch obj ective

care professionals at point of care

Themes

«  Tools: mobile apps—VULA and WhatsApp

Findings

their mobility between point of care.

consultations.

to diagnose and make informed decisions (motive of work activity).

«  VULA enables accountability of the referral process.

« Responding to VULA referral notificationsis time consuming.

«  Explore opportunities for integrating mobile health (mHealth) information and communication technologies into the work activities of health

« Actions: Work activities are patient consultations, remote referrals, and formulating treatment plans

«  Outcomes of the work activities: this attributed to the use of mobile apps for work activities
«  Unintended consequences associated with the use of mobile apps for work activities

«  Transformation process. alignment of mHealth apps to work activities of health care professionals

«  Thenatureof work activitiesisroutinized and require health care professional s to have timely accessto updated patient information and to reduce
« VULA and WhatsApp are mobile apps used by physicians to facilitate communication, exchange patient information, and enable remote
«  Other hospital information systems are used to facilitate the retrieval of patient records (objects of activity) and booking of clinical examinations

«  VULA hassimplified the process of referrals and reduced unnecessary referrals.

«  VULA and WhatsApp have improved how physicians communicate and collaborate with each other remotely.

«  VULA referral notifications interrupt physicians during patient consultation multiple times.

«  Useof mobile apps by physicians at point of care might be perceived by patients as unprofessional.

«  Useof mobile apps at point of care could enable distractions from the work activities.

« VULA mobile app is suitable for referrals, retrieval, and the exchange of health-related information.

«  VULA mobile app requires a push notification of referrals to health care professionals that are available while on call.

«  mHealth app suitablefor patient consultation may include avoice recorder with speech recognition to capture and transcribe verbal communication.

«  Other features may include high-resolution cameras and web-enabled and instant messaging to reduce interaction time at point of care.

Results

Overview

The results were presented using the elements of the ActAD
model to deductively describe how mHealth ICTs could be
integrated into the work activities of health care professionals,
asinformed by the interaction moments of tasks and outcomes.
Insightswere drawn from theinterviews and co-design activities
used to engage with al participants. The analysis showed that
patient consultation, referral management, treatment planning,
and report writing were the main work activities executed by
health care professionals.

https://mhealth.jmir.org/2021/10/e26358
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Consultation With Patients

Overview

The physicians indicated that their first point of contact with
patientsin the hospital was by the outpatient clinics where they
had to access and retrieve patient records or engage with their
patients to collect a history record.

During this activity, physicians use hospital information systems
on computer desktops, mobile phones, and paper. Theinteraction
moments during patient consultation include verbal
communication, taking notes, retrieving patient records, and
requesting clinical examination:

Inour clinics, for all patientsthat are seen notes are
also made by hand and those notes as well as all
referrals goes into a patient’s folder. All those notes
are sent to the scanning department. And all notes
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get scanned into our ECM. All those notes eventually
do become available on a computer. [ophl H1]

Onthebasis of the accounts of specialist physicians, it isevident
that work activities at point of care are supported using
technology. The electronic content manager is used to store
patients records electronically. Another physician explained
asfollows:

VULA is a smartphone based app where doctors and
healthcare professionals, that includes more than just
doctors, can have direct communication with on-call
doctor or Orthopaedic person, to ask for advice and
or refer patients by a means of a list of questions as
well as photos of x-rays that can be sent through to
us. [ort2 H1]

In hospital H2, physicians and nurses stated that they used their
mobile phones at point of care but did not use any forms of
hospital information systems or mHealth ICTs. However, they
were aware of the benefits associated with technol ogy-enabled
work activities at point of care:

During call hourswe make use of our mobile phones
and some social media apps: WhatsApp, Shapchat.
Now, this we use mostly to send images, radiological
images and even some laboratory reports. So, a lot
of timesif aresident isreviewing a patient somewhere
and is conversing over the phone, a lot of times| tell
themto send images on my phone. [ortC_H2]

At the clinic, doctors and the nurses make use of
paper to taketherecord of the patients and when they
arethrough...to assessthe patient, then all therecords
are documented. [on_H2]

It can beinferred that when maobile phone apps are used at point
of care, it serves asaquicker meansto facilitate communication
and easier information exchange between health care
professionals. The use of mobile phones provides an opportunity
for physicians and nurses to capture information digitally,
thereby reducing the amount of time and papers used manually.
Thus, there is an opportunity to improve the outcome of tasks
performed during consultation with patients or when seeking
medical advice remotely.

Outcome of Consultation Enabled by mHealth ICT

Health care professionals are able to communi cate directly with
each other to view necessary medical images remotely and to
save time on patient diagnosis and treatment decision-making.
Ultimately, VULA mobile apps have reduced both thetime and
cost implications associated with clinical decision-making by
health care professionals. Physicians explained as follows:

When referring a patient with VULA application the
referring doctor must give a lot of important
information about the patient to us that include a
photo of the eye and then we can have a conversation
with them to get a better idea of the problem. This
way of referring is much more comprehensive that a
telephonic referral, and we can get a better idea of
the problem. [oph2_H1]
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VULA makes it easier to make clinical decisions

without seeing patients personally. It’s often difficult

to determine if a patient can be seen as an outpatient

or do they need urgent referral, and using the VULA

app with clinical pictures helps with this decision

making. [ort4_H1]
Technol ogy-enabled referrals afford physiciansthe opportunity
to request detailed information from their colleagues about
patients before making informed decisions, without the need
for aface-to-face consultation. One of the physiciansin hospital
H2 alluded to the importance of technology-enabled work
activities:

Digitisingwould really help alot, then | will not have

to be going on all around. That will help a lot to

reduce unnecessary waiting time. Many times, weare

at the clinic, we have to be waiting for folders to

arrive before we start. [ns_HZ2]

The responses show that VULA app as an example of mHealth
ICTs is useful for the work of health care professionals. The
usefulnessisevident in how mobile devices can reduce thetime
taken to access and retrieve patient records remotely at any time
or at different point of care. mHealth ICTs provide a platform
for conducting extended investigations through the use of instant
messaging. Despite the benefits associated with mHeal th apps,
there is a concern about VULA notifications being disruptive
to work activities while physicians are attending to patients at
point of care during consultations.

Disruption by Mobile Referral Notifications

Physicians in hospital H1 revealed that during patient
consultations, they received VULA referral notifications on
their mobile phones. The referral notifications are received
multiple times and from multiple sources, and they cause
distractionsto their work activity at point of care:

During the day it actually interferesand it lows you
down massively. Definitely because you have a lot of
patients that you need to see, you need to answer the
phone; you need to answer your bleeps and then you
also get VULA referrals. And some of them— would
say half of them, aren’t emergencies and those people
want an answer now because they’ve got a patient
sitting in front of them but I’ ve got 50 patients sitting
outside. [ophl H1]
It isevident that there are contradictions that result from alack
of understanding of how the tasks within work activities of
health care professionals are carried out at the point of care.
Thus, the design of VULA mobile app influences how mHealth
ICTs are experienced at the point of care:

| feel that it seems unprofessional to constantly be
looking at your phone screen whilst consulting
patients. [ort5_H1]

According to ortC_H2, mobile devices are used to access
academic journals while teaching:

These dayswetend to use our mobile deviceinclinic,
but really we should have a laptop...if you see patients
most times, you have residents and students. You can
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check up journals' abstracts to compare and to show
them some images and pictures. [ortC_H2]

The physician further mentioned that mobile devices are seldom
used in wardsto facilitate teaching of medical students*because
they believeit tendsto be adistraction.” The response indicates
that the nature of work activities should be adequately
considered before designing mHealth ICTs relevant to tasks
performed at points of care.

Referral Management

The use of mHealth ICTs enables accountability by tracking
the referral source and receiving comprehensive feedback on
consultations. As established earlier, the VULA app enables
health care professionals to remotely communicate and access
real-time information (including text and images). The motive
of activity intheinstance of patient referrals enabled by VULA
app as ameans of action is transformed into the intended goal
of activity by health care professionals:

Thereisa massive advantage. S0, firstly isthat | know
who is sending me the referrals, | know where the
referral is coming from. One thing we have picked
up with regards to where referral is coming fromis
sometimes the name of the referring healthcare
worker comes up but also their location. But that
location iswhat they put in. It'snot alocation that is
picked up by the smartphone...so it doesn’t give you
a location at that time but it's a location isfilled in.
[ort2_H1]

At hospital H2, one of the speciaist physicians indicated
challenges with the use of paper folders:

Many times, you don't find many folders when you
see patients. For example, that shows that a lot of
them are misplaced somewhere or maybe didn’t find
them properly at the record...some claim they are
taken by one doctor or another... [ns_H2]

Accountability is attributed to the use of the VULA appl.
However, there are instances of inconsistency with geotagged
locations and locations filled by the referring health care
professional. This raises concerns when health care providers
attempt to locate the exact ingtitution of the referring health care
personnel and the particular areawhere a patient islikely to be
referred from. In addition, where paper folders are being used
at point of care, there are no adequate accountability measures
to track location or movement.

Collaborative Treatment Planning

Health care professionals, including specialist physicians and
nurses, use their personal phones to make calls and use
WhatsApp as a means of communication and coordination to
plan care delivery. Furthermore, having apersona mobile phone
hel ps health care professionalslocate their colleagues, especialy
when the official communication medium (switchboard bleep)
takes alonger time or stops being functional:

Within the department, everyone's got a work group
on WhatsApp, so that's to communicate about
meetings. And then sometimes you just pick up your
own phone...if switchboard takes too long to speak
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to someone...unless you don't have the doctor’s
number then you have to wait for switchboard. | use
my phone actually; we do use our phones a lot.
[ophl_H1]

In hospital H2, one physician explained as follows:

Thereis digointed management of patients, where a
doctor comes and does his job and the nurse is not
there; and then a physiotherapist comes and everyone
sees the patient digointedly. There is no team
approach to patient care. [ortC_H2]

The convenience of having a means of action such as mobile
technology and an mHealth ICTs app facilitates quicker
communi cation between health care professionalsand eliminates
any restrictions associated with mobility between point of care
in a hospital setting. Thus, the communication gap during
collaborative care coordination is bridged.

Report Writing and Administering of Care

Theresponsesindicate that nursing activities can be categorized
into administering of care to patients and report writing while
assisting physiciansin facilitating clinical examination:

Some documentation gets lost during movement of

patients. It is time consuming because whatever

procedure is compl eted, the nurse got to come down

and do the right thing afterwards. The paper, it's

illegible many times due to the fact that peoples

handwriting differ. [dnm_H1]
The nursing staff indicated that report writing was amajor part
of their nursing activities and required a lot of paper, as they
were required to accompany patients to and from the different
point of care. A shared sentiment among nursing staff who
participated in the interview and co-design activity is that
continuous use of paper can be addressed by introducing
mHealth ICTs designed to facilitate report writing and
documentation of patient care on-the-move:

From the points of assessment—casualty around the

ward, from the point of assessment we need a gadget

that can take patients' parameters. It will be better if

it's mobile, since this would allow easier movement

and should be interconnected to all wards, clinics so

that at a click, it sends the information concerning

the patient to other nurses at the next points-of-care.

[ons H2]
The findings drawn from the Results section indicate that the
opportunities to use a means of action such as VULA and
WhatsA pp by health care professionals at point of care depend
on how the technology enables the motive for performing an
activity is eventually transformed into the intended goal of an
activity. Otherwise, contradictions as a result of a lack of
mHealth ICTs fit could mediate how the motive of activity
resultsinto an unintended outcome.

Discussion

Principal Findings
On the basis of the accounts of most health care professionals,
the use of mHealth ICTs for work-related activities has mostly
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yielded and would ensure positive outcomes at the
organizational and individual levels. For example, physicians
in particular use hospital information systemsto facilitate easier
accessto, and retrieval of, patient records electronically during
patient visits. In this study, the use of VULA mobile app for
referrals simplified the referral process and reduced the
unnecessary referrals to the hospital. The findings support the
arguments by O’ Connor et a [5] that the use of mHealth ICTs
can enhance the task performance of health care professionals
at point of care. In terms of communication and the writing of
clinical notes, physicians can use mobile smart devicesto record
their conversations to obtain a comprehensive history from
patients [44]. Ultimately, the relevance of mHealth ICTs in
clinical settingsisevident in information access, exchange, and
communication.

WhatsApp was indicated as a means used by most physicians
to communicate and exchange information. According to
mHealth studiesby Walliset al [11] and Ganasegeran et a [45],
health care professionals tend to communicate easily through
WhatsApp by sharing patient information, including pictures,
and seeking advice. However, the authors highlighted that the
use of WhatsApp has potential risks to patient confidentiality
because there are no built-in security measures and consent is
arequirement for the exchange of patient information.

WhatsApp features could enable physicians to give adequate
attention to patients while engaging in verbal communication
during consultation. In this study, the voice-to-text feature on
WhatsA pp seemed to beideal to assist health care professionals
in digitally capturing patient history because it is readily
available on smartphones. However, there are limitationsto the
use of the WhatsApp voice-to-text feature that makes the app
inadequate to enable interaction moments during patient
consultations.

One of the limitations of WhatsA pp voice-to-text featureisthat
it only coherently transcribesverbal communication in English.
This puts a patient who speaks an indigenous language at a
disadvantage. In addition, there is no time stamp distinction
between the voices of the physician and a patient, which would
resultinacluttered clinical history note. Therefore, an mHealth
voice-to-text and speech recognition app is essentia for
consultation but should ensure that there is a clear distinction
between voices and during transcription from audio to text when
used in the clinical context of health care service delivery.

In the wards, where the availability of desktop computers is
limited and fixed, smartphones can be used to access
electronically stored patient records. This requires health data
recordsto beintegrated acrossall digital platforms. In addition,
physicianstend to use their smartphonesto organize their work
activities. An investigation by Greer et al [46] established that
health care professional s use smartphones as a means to access
or offer answers to medical questions and cross-reference
evidence-based treatment medication from web-based academic
sources in clinical settings. Similarly, O'Connor et a [5]
investigated the impact of mHealth on the provision of care as
perceived by physicians. The authors suggested that mHealth
| CTsshould be easily adaptabl e to perform the tasks within the
work routine of health care professionals in hospital settings.

https://mhealth.jmir.org/2021/10/e26358

Ogundaini et al

Thus, the integration of health ICTs plays an important rolein
enhancing the decision-making of health care professionalsin
diagnosis and treatment processes to ensure the delivery of
quality and safe carein clinical settings.

According to Cresswell et al [47], when systems inadequately
meet the preferences of the intended end users to achieve an
anticipated outcome, they are likely to adopt aternate means
or discard the technology perceived as inadequate. Despite
benefits attributed to the perceived usefulness and ease of use
of health ICTs, there are unintended consequences experienced
by health care professionals. The physicians expressed that the
frustration caused by referral notifications received from the
VULA mobile app can be disruptive multiple times while
consulting with patients and during off-peak hours away from
the hospital.

The unintended consequences could be attributed to socia and
technical mediators that inhibit the quality of care provided at
point of care. Thiscausesadelay inthetimeit takesto complete
a consultation to the extent that some physicians feel
uncomfortable with attending to VULA referrals. Gagnon et al
[7] identified the compatibility of mHealth technologies with
tasks as one of the several factors perceived to enable or inhibit
the workflow of health care professionals. According to Yahya
[26], time constraints and perceived reactions of patientsto the
use of mHealth ICTs by physicians could inhibit the optimal
use of mHealth ICTs. The use of mHealth ICTs in clinica
settings is more efficient when location is an inhibiting factor
and tasks require minima to no distractions during work
activities, provided there are sufficient wireless bandwidth
connections.

The nursing staff in tertiary hospitals is heavily saddled with
theresponsibility of patient administration, including admission,
discharge, and transfer. As the amount of paper becomes
cumbersome depending on the extent of a patient’s journey, a
mobile device is ideal to support report writing and other
information management tasks when nurses move from one
point of care to the other. The task benefits or unintended
consequences experienced by health care professionals while
using mHealth ICTs to enable interaction moments influence
the degree of its suitability, job, and patient satisfaction [48].
Otherwise, the mHealth ICTs would be partially used or even
discarded when health care professionals are not satisfied with
the values attributed to use, and ultimately, health care service
delivery continues to be impaired by a lack of adequate
technology integration [20,47,48].

These findings contribute to pertinent considerations when
making informed decisions to design, develop, or purchase
mHealth ICTs. This study encourages ICT and health care
professionals to work in a transdisciplinary team during the
design phase of health technologies. This saves time and costs
involved in facilitating training for health care professionalsin
the pilot and postimplementation phases.

Limitations and Future Research

Therewere difficultiesand delaysin setting up interviews with
health care professionals in tertiary hospitals. The difficulties
were because of the busy schedules of health care professionals
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in public hospitals. Hence, this restricted the data collection
process to clinical departments that provide medical imaging
and reporting care only. In the South African context, health
care professionalsused health I CTs, including mHealth, whereas
in the Nigerian context, there were no health ICTs used. The
authors adopted a pragmatic approach to include unstructured
open-ended questions.

The results of this study are not generalizable because the
investigation considered only 2 tertiary hospitalsin 2 countries
in Sub-Saharan Africa, and the data are subjective. However,
the methodology can be replicated, and the lessons learned in
these contexts can be compared with similar hospital settings.
Future studies should consider conducting extensive usability
tests of mHealth ICTs applicable to the work environment of
health care professionals and standardization of information
sharing across different information systems in hospitals. For
example, the time efficiency and usability of mHeath ICTs
during patient consultation require speech recognition, medical
semantics (context sengitivity), and transcription app. Additional
features such as a time stamp are also needed to distinguish
between voices during transcription from audio to text. These
mHealth ICT mechanisms would reduce the amount of time
expended by health care professionals at point of care, given
the number of patientsand referral consultations attended to on
adaily basis.

Conclusions and Contribution

The findings of this study show that mHealth ICTs could be
used during clinic consultations where physicians need to
capture verbal communication with patients and observe their
body language. The VULA mobile app is useful for managing
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referralsand information exchange remotely in atimely manner,
except for its interruptions when physicians are busy with
face-to-face consultations and other urgent activities. Owing to
the mobile nature of nurses, mHealth ICTs could ease
information capture, retrieval, and report writing between
different point of care, particularly where computer access is
limited and to reduce the amount of paper used for patient care
administration in hospital settings. WhatsApp enables easier
communication through instant messaging and offers a means
to collaborate between professionals; however, in health care
contexts, it does not guarantee the privacy of patients health
information.

The opportunities identified can be considered by local health
policy makersand ICT vendors when designing mHealth ICTs
to enablethe work activities of health care professional s at point
of care in hospital settings, especialy in Sub-Saharan Africa.
This paper provides apossible direction for stakeholdersin the
public health system of Sub-Saharan Africathat have recognized
and adopted the use of technology as a driver to address time
and location constraints that impede service delivery.

This study applied the ActAD model as a lens to understand
opportunitiestointegrate mHealth ICTsinto thework activities
of health care professionals in hospital settings. The authors
established that interaction moments of tasks performed by
health care professionals during complex work activities are
essential to identify relevant mHealth ICTs for different point
of care. In addition, the transformation of the purpose of awork
activity into the intended outcome is mediated by the interplay
between attributes of human agency and contradictions that
emerge from the contextual conditions and the technical
characteristics.
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Abstract

Background: Out-of-hospital cardiac arrests (OHCAS) are stressful, high-stake events that are associated with low survival
rates. Acute stressexperienced in this situation is associated with lower cardiopulmonary resuscitation performancein calculating
drug dosages by emergency medical services. Children are particularly vulnerable to such errors. To date, no app has been
validated to specifically support emergency drug preparation by paramedics through reducing the stress level of this procedure
and medication errors.

Objective: Thisstudy aimsto determine the effectiveness of an evidence-based mobile app compared with that of the conventional
preparation methods in reducing acute stress in paramedics at the psychological and physiological levels while safely preparing
emergency drugs during simulated pediatric OHCA scenarios.

Methods: In a parent, multicenter, randomized controlled trial of 14 emergency medical services, perceived and physiologic
stress of advanced paramedicswith drug preparation autonomy was assessed during a 20-minute, standardized, fully video-recorded,
and highly realistic pediatric OHCA scenario in an 18-month-old child. The primary outcome was participants self-reported
psychological stress perceived during sequential preparations of 4 intravenous emergency drugs (epinephrine, midazolam, 10%
dextrose, and sodium bicarbonate) with the support of the PedAMINES (Pediatric Accurate Medication in Emergency Situations)
app designed to help pediatric drug preparation (intervention) or conventiona methods (control). The State-Trait Anxiety Inventory
and Visua Analog Scale questionnaires were used to measure perceived stress. The secondary outcome was physiologic stress,
measured by a single continuous measurement of the participants' heart rate with optical photoplethysmography.
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Results: From September 3, 2019, to January 21, 2020, 150 advanced paramedics underwent randomization. A total of 74
participants were assigned to the mobile app (intervention group), and 76 did not use the app (control group). A total of 600 drug
doses were prepared. Higher State-Trait Anxiety Inventory—perceived stress increase from baseline was observed during the
scenario using the conventional methods (mean 35.4, SD 8.2 to mean 49.8, SD 13.2; a 41.3%, 35.0 increase) than when using
the app (mean 36.1, SD 8.1 to mean 39.0, SD 8.4; a12.3%, 29.0increase). Thisrevealed a30.1% (95% Cl 20.5%-39.8%; P<.001)
lower relative change in stress response in participants who used the app. On the Visual Analog Scale questionnaire, participants
in the control group reported a higher increase in stress at the peak of the scenario (mean 7.1, SD 1.8 vs mean 6.4, SD 1.9;
difference: —0.8, 95% CI -1.3 to —0.2; P=.005). Increase in heart rate during the scenario and over the 4 drugs was not different
between the 2 groups.

Conclusions: Compared with the conventional method, dedicated mobile apps can reduce acute perceived stress during the
preparation of emergency drugsin the prehospital setting during critical situations. These findings can hel p advance the devel opment

and evaluation of mobile apps for OHCA management and should be encouraged.

Trial Registration:
International Registered Report Identifier (IRRID):

Clinical Trials.gov NCT03921346; https://clinicaltrials.gov/ct2/show/NCT03921346
RR2-10.1186/s13063-019-3726-4

(JMIR Mhealth Uhealth 2021;9(10):€31748) doi:10.2196/31748

KEYWORDS

cardiopulmonary resuscitation; drugs; emergency medical services; medication errors; mobile health; mobile apps; out-of-hospital
cardiac arrest; paramedics; pediatrics; State-Trait Anxiety Inventory; stress

Introduction

Background

Out-of-hospital cardiac arrest (OHCA) is a major concern for
health care systems worldwide, affecting millions of people
each year [1]. Despite advances in resuscitation science and
improvement of cardiac arrest survival over the past decades,
the survival rates following adult and pediatric OHCA are
reportedly low, evaluated at 10.4% and 11.4%, respectively [1].
High-quality cardiopulmonary resuscitation (CPR) for OHCA
patients is the primary determinant of survival and favorable
neurological outcome[2,3]. Evaluations and decisions must be
made quickly and accurately. However, acute mental stress
experienced by rescuers during CPR may impair decision
making and optima performance [4-12], independent of
professional experience [4]. This can, in turn, adversely affect
patient safety [5]. OHCA-induced acute stress response relies
mainly on an interplay between the individual's cognitive
perception and apprai sal made about the perceived demand and
ability to compensate through both internal and environmental
resources[6,13]. The degreeto which this compensation occurs
determines the nature and magnitude of one's stress response
[12]. Some individuals show stress responses with associated
active coping. Others perceive stress as excessive and
outweighing their coping abilities, thus hindering their ability
to adapt quickly and perform under pressure.

The OHCA setting is a stressful and high-stakes environment
where safeguards and resources, both human and material, are
limited [6]. In many countries, paramedics have the autonomy
to prepare and administer emergency drugs. However, the
impact of acute stress experienced by paramedics during OHCA
on emergency drug preparation hasrarely been studied. LeBlanc
et al [14] observed that paramedics under simulated high-stress
conditions performed worse on drug dosage calculations than
those under calm, relaxed conditions. These findings are
particularly concerning in pediatric CPR, where the accurate
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and safe preparation and administration of intravenous drugsis
mandatory [15-19]. Most drugs administered intravenously to
children are provided in vials that were originally prepared for
the adult popul ation. This leads to the need for an initial onsite
complicated, individual, weight-based dose calculation, and
drug preparation for each child, which varieswidely across age
groups[20]. Combined with other risk factors such as excessive
extraneous cognitive load due to onsite emotional stress and
time pressure [14,21-23], and pediatric-specific, age-related
variations in pharmacokinetics, onsite administration of
emergency drugs by paramedics is particularly challenging.
Furthermore, pediatric situations only account for approximately
7% of emergency medical services (EMS) calls, and paramedics
have little exposure to critically ill children and occasions to
prepare emergency drugs at pediatric dosages[24-26]. Relying
solely on their expertise and knowledge to take decisions during
care provision, a single paramedic is often in charge of
determining the child’'sweight, choosing the most suitable drug,
calculating the drug dose and appropriate volumeto inject, and
administering it without delay. For this purpose, paramedics
are still dependent on conventional paper-based support,
empirical calculators, or spreadsheets to ensure correct drug
delivery. This places children at higher risk for life-threatening
prehospital medication errors than adults[17,20,27-30], with a
reported error rate of more than 60% [31,32].

Some authors have advocated replacing tasks inducing stress
and cognitive load during resuscitation as much as possible by
automated actions to optimize patient care and diminish
medication errors [22,33]. The US National Highway Traffic
Safety Administration advocated, in its recent vision for the
future of pediatric prehospital care to be achieved by 2050, to
develop processes that do not require providers to calculate
dosing of medications [34]. Supported by the rapid spread of
mobile devices and their innovative features (eg, connectivity,
embedded computing capabilities, small size, and versatility),
mobile health (mHealth) apps have great potential as tools to
support out-of-hospital emergency drug preparation at the point
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of care. However, a recent systematic review showed that few
mHealth apps are availablefor prehospital settings[35]. Among
these mHealth apps, none has been validated to specifically
support emergency drug preparation by EMS personnel with
the aim of reducing medication dosing errors and the stress
hassle of this procedure.

Previous Work

In previous randomized trials, we reported fewer medication
errorsand shorter timesto drug preparation and delivery during
in-hospital pediatric CPR when using a mobile app—the
PedAMINES (Pediatric Accurate Medication in Emergency
Situations) app compared with conventional preparation methods
[36,37]. Although similarities exist, the prehospital environment
is distinctly different in many regards. Recent findings of a
multicenter randomized trial showed that thisapp wasalso able
to reduce medication error rates during pediatrics OHCA in a
simulated model [38]. However, itsimpact on situational stress
experienced by paramedics during CPR remains to be
determined.

Aim
This study aims to determine the effectiveness of the
PedAMINES app in reducing acute stresswhile safely preparing

emergency drugs during CPR for pediatric OHCA patients
compared with the conventional preparation methods.

Methods

Study Design

Thisstudy wasregistered at Clinical Trials.gov (NCT03921346)
as a nested study within the context of an open-label,
multicenter, randomized controlled trial. The parent trial had
the broader and primary aim of assessing rates of medication
dosing errors during simulation-based pediatric OHCA scenarios
using ahigh-fidelity manikin [38]. Thetria protocol, containing
details about the scenario, has been previously published [39].
No changes were made to the app or intervention during the
study.

Trial Participants

The trial was conducted at 14 EMS covering a population of
more than 2.3 million people in Switzerland. Eligible
participantswere registered paramedicsworking in these EMS.
They had undergone a 3-year education program and were
trained in advanced life support procedures, including
defibrillation, airway management, peripheral intravenous line
cannulation, and the administration of megdications to ensure
advanced independent emergency prehospital care. Similar to
the Anglo-American model [40,41], paramedicsin Switzerland
congtitute the initial response team and are qualified to
independently administer a range of medications. To achieve
adequate participant enrolment to reach the target sample size
(ie, 120 paramedics [39]), shift-working paramedics were
randomly recruited weeks before the start of the study by a
blinded noninvestigator in each EMS center. In several EMS
centers, additional paramedicswererecruited to ensure that the
target sample size would ultimately be achieved. At the end of
the trial, an additional number of paramedics was included in
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the study and the analysis was refined. To prevent preparation
bias, all paramedicswereinformed of the upcoming simulation
study, but not of its purpose and outcomes. The study excluded
emergency medical technicians because they had no drug
preparation autonomy. In our study, resuscitation was led by a
physician (JNS) to standardize the choice of drugs prescribed
across the EMS and to avoid any deviation from the study
protocol. Written informed consent was obtained from all the
participants beforetheir voluntary involvement. Blinding to the
purpose of the trial during recruitment was maintained to
minimize preparation bias. Participants were unblinded during
the intervention when they were asked to prepare the drugs
either with the support of the app or conventional methods.
Study participants were neither involved in the design of the
app, study design, choice of outcome measures, nor study
conduct. No participant was asked to advice on theinterpretation
or write the results.

Setting

The trial took place in a simulated, regular child’s bedroom
environment at each EMS center. This was intended to mimic
asclosely as possible astressful prehospital environment where
paramedics could actually intervene to increase realism. The
intervention was standardized acrossall sitesto follow the same
chronological progression and range of difficulty in order to
ensure that each participant was exposed to exactly the same
situation, with similar challenges in decision making and
treatment preparation provided on the same manikin (Laerdal
New SimBaby, Tetherless, Laerda Medical, Stavanger,
Norway). The study team members maintained a stressful
resuscitation atmosphere. Importantly, we did not organize
pretests to minimize priming and preparation biases to avoid
influencing the perceived stress during the scenario.

I ntervention

On the day of the participation after random allocation, each
participating paramedic had to complete 2 self-administered
guestionnairesto measuretheir perceived stress at baseline (see
below), and aheart rate (HR) monitor was placed on their wrist.
They also had to complete a survey collecting data regarding
their demographics, attend a standardized 5-minute training
on on how to use the mobile app, and follow a presentation
detailing the features of the simulation manikin. No conventional
drug preparation training was provided in either group, asthis
was part of the paramedics’ daily practice. Each participant was
then exposed to a 20-minute, standardized, fully video-recorded,
highly redlistic pediatric OHCA CPR scenario of an
18-month-old child. The participants were asked to sequentially
prepare and inject 4 different direct intravenous drugs of various
degrees of preparation difficulties (epinephrine, midazolam,
dextrose 10%, and sodium bicarbonate), either with the support
of the app or following conventional methods (ie, without app
support). Full details of theintervention and scenario have been
previously published [38]. During the timed scenario, the
resuscitation team maintained a stressful and realistic
resuscitation atmosphere by frequently reporting vital signs
aloud and asking the participant to promptly provide the drugs.
The portable defibrillator, displaying real time vital signs, was
placed in close proximity to the paramedics. The monitoring
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alarms were turned on, and the investigator who played the
father'srole repeatedly verbalized his dismay.

The PedAMINES M obile App

Thisapp provided an exhaustive and editablelist of intravenous
drugs, either for direct injections or continuous infusions
[37,38,42]. Thedrugswere displayed in al phabetical order with
doses automatically adapted to the weight or age of the patient.
When selected, adetailed drug preparation procedure based on
astandardized and simplified pathway was provided to the user.
The app was developed using a user-centered, evidence-based
approach. Emergency department caregivers, ergonomists,
psychologists, and computer scientists from research and
development services conceived the app. Its interface was
designed considering design principles aimed at minimizing
cognitiveload [43-45]. By aways displaying the most important
information in a larger font and sorting the most recent
information at the top of the screen, hierarchization of
information was taken into consideration. Interaction choices
were limited to their strictest utility through the interface to
facilitate decision making. Only apredefined sequence of actions
was proposed; thus, users did not need to make complicated

Lacour et al

choices. Display conventions were defined to display drug
dosages with conventional and consistent units to avoid
confusion. Fitslaws were complied with by placing interaction
buttons at the edge of the screen [46]. This minimized the
distance to reach them and focused on the interaction zonein a
limited area. The app also complied with the progressive
disclosure principle [47], where complex information is
seguenced across several smaller chunks to reduce the feeling
of being overwhelmed by the user. Therefore, complex
instructions such as weight-based drug dose preparation was
sequenced and ordered in several linesto streamlineinformation
and facilitate its comprehension (Figure 1). Feedback
mechanisms have also been integrated for specific actions, such
as canceling or modifying the patient’s weight. In both cases,
the system provides feedback to ensure that users are aware of
their actions. Acceptance and use of the app were assessed
through self-administrated electronic surveys using a modified
version of the Unified Theory of Acceptance and Use of
Technology (UTAUT) model [48] and the System Usability
Scale [49,50]. They will be the subject of detailed analysisin
another study nested within the parent trial.

Figurel. PedAMINES (Pediatric Accurate Medication in Emergency Situations) app screenshot.

Adenosine 00,0 120
Alprostadil

Amiodarone

Atropine

Calcium chloride Midazolam

Clemastine

Dextrose 10%

Dexamethasone

Dobutamine

Sodium Bicarbonate

Epinephrine

0.01

mg/kg

12

ml

01

2.4 Delivered ?
mg/kg ml

4.0
ml/kg

48
ml

Delivered 7

1.0
mmol/kg

12

mmol

Ready 7

Dopamine

1. Draw 12 ml of Sodium Bicarbonate at 84 mg/ml (1008 mg)

Epinephrine
Epinephrine

3. Deliver the 24 ml
Esmolol

2. Add 12 ml of NaCl 0.9% (= ad 24 ml)

Esmolol
Etomidate
Fentanyl

Flumazenil

Outcomes and M easures

Primary Outcome: Perceived Stress

Participants’ self-assessed psychological stress was measured
using the Gauthier and Bouchard's French-Canadian adaptation
[51] of Spielberger's psychometric State-Trait Anxiety Inventory
(STAI) questionnaire [52,53]. STAI was provided with
permission from the copyright owner (Mind Garden, Inc [54].
Copyright prevents reproduction of the full scale). It is one of
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the most commonly used subjective measures of stressin health
research, including emergency care [13,14,55-58]. This
guestionnaireis composed of two 20-item self-report subscales
to measure 2 distinct anxiety concepts: (1) the temporary state
of anxiety at the time of reporting (STAI form Y-1), which can
be affected by stressful situations and 2) the more stable and
long-standing presence of trait anxiety (form Y-2) [59]. Both
forms can be used aone or as a complement. Form Y-1 was
used in this study. To avoid interrupting the scenario and
influence its veracity and inherent stress, no STAl was
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administered during the scenario. It was administered just before
the scenario began to assess the stress at this moment, and again
just after the end of the scenario by asking the paramedics to
assess their maximum perceived stress during the scenario
(Figure 2). Each item was mandatory to avoid missing values
and answered on a 4-point Likert scale ranging from 1 (not at
all) to 4 (very much). After reversing the scoresfor stress-absent
items(ie items1, 2, 5, 8, 10, 11, 15, 16, 19, and 20) according
to Spielberger’sinstructions[59], the total score was cal culated
by summing up the weighted scores for the 20 items. STAI
ranges from 20 to 80, with higher scores being positively
correlated with greater stress [59]. A score greater than 40 is
commonly used to define aclinical state of stress.

Lacour et al

Perceived stress was also assessed by self-assessment using a
numerical 10-point Likert visual analogue scale (VAS) [60].
Valuesranged from 1 (totally unstressed) to 10 (totally stressed)
to avoid neutral answers. To prevent any anticipation bias,
participantswere not informed that they would have to complete
the STAI and VAS questionnaires after scenario completion
(Figure 2). The questionnaires were provided onsite with the
necessary precautions so that participants could not
communicate with each other. No interaction other than detailing
an item upon request of a participant occurred between the
participants and investigators during the completion of the
guestionnaires.

Figure 2. Course of the intervention. CPR: cardiopulmonary resuscitation; HR: heart rate; pOHCA: pediatric out-of-hospital cardiac arrest; STAI:

State-Trait Anxiety Inventory; VAS: visual analogue scale.
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Secondary Outcome: Physiologic Stress

HR was measured as a surrogate of the physiological
sympathetic response to stress [61]. A single continuous
measurement at 1-second interval was recorded during the
scenario with optical photoplethysmography using a Polar A360
wrist-worn HR monitor (Polar Electro Oy). Thiswearable sensor
has been previously validated for HR assessment [62,63],
although it is not sensitive enough to track HR variability. The
A360 was tightly attached to the participants wrist in
accordance with the manufacturer's specifications to avoid
motion artifactsthat could lead to inaccurate HR measurements.
Datalocally stored on thewristwatch itself during the scenarios
was thereafter synchronized with the dedicated Polar FlowSync
web service for later offline analysis. In line with previous
research [64], severa time-points of cardiovascular activity
were measured: (1) the minimal HR measured within the 5
minutes before the scenario starts (HRyasaine) While participants
were not performing mental or physical exercise; (2) peak HR
(HRpe) for each drug, defined as the maximal HR reached
during the sequence from drug prescription by the physician to
drug delivery; and (3) an additional HR; ey Was o measured

asthe minimal HR measured during the 5 minutesimmediately
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following scenario completion (ie, at the stop of thetimed period
of the scenario represented by the patient’s arousal, but before
debriefing).

Data Collection

All scenarios were video-recorded by 3 GoPro Hero 5 and 7
Black Edition (GoPro Inc) video cameras mounted on
participants and dispatched around them for later analysis. The
camera setup was standardized. The investigators
double-checked whether the questionnaires were fully and
accurately completed. Data was collected using a REDCap
database web app (REDCap, Vanderbilt University) hosted at
Geneva University Hospitals and interfaced on aniPad ProiOS
12.4 (Apple Inc). Neither follow up nor retention plans were
required.

Statistical Analysis

Assuming atwo-sided a risk of .05, the number of participants
enrolled in the parent study was sufficient to detect an effect
size of 0.50, which corresponds to a medium effect of the app
compared with the conventional methods on perceived stress
(STAI-Y score), with a power of 80%. Outcomes with asingle
measurement per participant (including HRe5 per drug and
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postintervention STAI-Y and VAS) were compared between
trial arms by using linear regression models with adjustment
for the preintervention or baseline value and on centers to
account for the randomized stratification. To comparethe overall
HReq bEtween the arms, alinear regression model with mixed
effects and adjusted for centers and HRp ine WaS used to
account for the multiple measures per participant (one per drug).
With thismodel, the intercept was random with crossed random
effects at the participant and drug levels. This model was
adjusted for the centers and HR.yine- The Spearman correlation
coefficient was used to assess the correl ation between outcomes.
Analyses were carried out using R software version 4.0.2, and
the R package Ime4 [65]. All statistical tests were two-sided,
with an a risk of .05.

Ethics Approval

Thistrial received a declaration of no objection by the Geneva
Cantonal Ethics Committee and Swiss Ethics on March 29,
2018, asits purpose wasto examinethe effect of theintervention
on hedlth care providers. The study was conducted in accordance

Figure 3. Screening, randomization, and analysis.
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with the principles of the Declaration of Helsinki [66], Good
Clinical Practice guidelines [67], the Consolidated Standards
of Reporting Trials of Electronic and Mobile Health
Applications and Online TeleHealth (CONSORT-EHEALTH)
[68] guidelines, and the Reporting Guidelines for Health Care
Simulation Research [69].

Results

Overview

Of the 150 paramedics enrolled between September 3, 2019,
and January 21, 2020, 74 were assigned to the intervention
group and 76 to the control group. A total of 600 drug
preparations were prepared. One participant's HR recording
data were missing in the intervention group due to a technical
problem with the watch. No dropouts occurred (Figure 3). The
baseline characteristics are detailed in the published parent trial
[38]. They were balanced in the 2 groups, and recruitment was
balanced across the centers.

‘ 152 Paramedics were screened

‘ 150 Were eligible and

for eligibility 2 Were ineligible
| (registered as emergency medical
technicians without drug preparation
‘ t competency)

randomly assigned

74 Assigned to mobile app preparation method 76 Assigned to conventional preparation method
74 Completed assigned intervention 76 Completed assigned intervention
0 Did not receive assigned intervention L 0 Did not receive assigned intervention
st
‘ 1%t drug: 0.01 mg/kg epinephrine ‘ lpesrtil;]:iy 13t drug: 0.01 mg/kg epinephrine
nd
‘ 20 drug: 0.1 mg/kg midazolam ‘ 2" study 2 drug: 0.1 mg/kg midazolam
period
rd
‘ 3 drug: 4 mL/kg dextrose 10% ‘ 3 st-udy 3" drug: 4 mL/kg dextrose 10%
period
. . 4t study . .
4t drug: 1 mmol/kg sodium bicarbonate . 4t drug: 1 mmol/kg sodium bicarbonate
period

‘ 74 Included in final analysis ‘

Stress Response: Perceived Stress

Both the STAI Form Y-1 and VAS questionnaires were
completed by all 150 participants. Baseline STAI-perceived
stress levels before the start of the scenario did not differ
between the allocation groups (Table 1). The mean
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76 Included in final analysis

STAI-perceived stress scores of the participants supported by
conventional methods then increased significantly at the time
of drug preparations, whereas no significant increase was
observed with the app support during the scenario. A higher
stress increase was observed during the scenario using the
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conventional methods than the app (P<.001; Table 1 and Figure
4).

Similarly, onthe VAS questionnaire, participantsrated the mean
perceived stress before the scenario as not different with or
without the app support (Table 1 and Figure 4). After scenario

Lacour et al

completion, they reported ahigher increasein stress at the peak
of the scenario using the conventional method than the app. The
paramedics gender, age, and years of experience did not modify
theintervention effect, although for paramedicswith more than
10 years of experience, the effect of the app seems to weaken
(Multimedia Appendix 1).

Table 1. Comparison of STAI Form Y-1 and VAS scores before and after scenario completion (N=150).

Mobileapp (n=73), mean (SD) Conventional method (N=76), mean (SD)  Difference (95% CI)? P value
STAIP
Preintervention 36.1(8.1) 35.4(8.2) 0.8(-1.7t03.3) 55
Postintervention 39.0(8.4) 49.8 (13.2) -11.4 (-14.7 to -8.0) <.001
Relative change (% of  12.3 (29) 43.1 (35) -30.1 (-39.8t0 -20.5) <.001
preintervention)
VAS®
Preintervention 42 (2.5) 39(2.2) 0.3(-0.4t01.0) 35
Postintervention 6.4 (1.9) 7.1(1.8) -0.8(-1.3t0-0.2) .006

8_inear regression models adjusted for center; in addition, differences in postintervention and relative change were adjusted for the preintervention

values.
BSTAI: State-Trait Anxi ety Inventory.
SVAS: visual analogue scale.

Figure 4. State-Trait Anxiety Inventory Form Y-1 and Visual Analogic Score box plots per study arm. PedAMINES: Pediatric Accurate Medication
in Emergency Situations; STAI: State Trait Anxiety Inventory; VAS: visual analogue scale.

—
| m—

without PedAMINES
with PedAMINES

80

_

70

&0

50

STAI-Y total score

40

30

20

Pre Post

Stress Response: Heart Rate

The mean HRpuwine before the scenario started was

approximately 80 beats per minute and similar between the
alocation groups (Table 2). Maximal HR achieved during
cardiac compressions was 122.5 (95% Cl 118-127) in the app
group and 123 (95% CI 117-128) in the control group and
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10

{

VAS for stress

Pre Post

decreased in both groups before the drug preparation phase.
During the scenario, the overall HR s for the 4 drugsincreased
to 118 (95% CI 111 to 125) beats per minute with conventional
methods and to 119.7 (95% CI 115 to 124) beats per minute
with the app. This increase in HR from baseline represented
approximately 50% of the mean HRy ine (Figure 5). The
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difference between groups in HR s during the scenario and  true for each drug (Table 2). After completion of the scenarios,
over the 4 drugs was 1.4 (95% CI —1.8t0 4.6; P=.43) beatsper HR declined to recovery values similar to HRpagjine in both
minute, which was not statisticaly significant. The samewas groups.

Table 2. Heart rates before, during, and after scenario completion, per study group (N=150).

Heart rate (bpm?)

Mobile app (n=73), mean (SD) Conventional method (n=76), mean (SD)  pifference (95% Cl )b P value
Baseline 79.3 (14.4) 78.5(12.7) 10(-3.3t05.3) 64
First drug, HRCpeak 123.1(9.2) 124.1(12.2) -11(-4.7t02.4) .53
Second drug, HRpeak 121.1(10.9) 119.9 (13.3) 1.0(-2.8t04.8) .61
Third drug, HRpeak 120.4 (11.4) 117.9 (13.3) 2.4(-1.4106.2) 22
Fourth drug, HRpeak 114.1 (13.5) 1105 (13.7) 3.4(-0.9t07.6) 12
Recovery 79.3 (15.0) 76.8 (13.7) 1.9 (-2.3t06.1) 37
Maximal HR ez 126.1 (10.3) 126.0 (12.1) -0.1(-3.8t03.5) 95

%pm: beats per minute.

BLinear regression models adjusted for center and baseline heart rate using linear regression models (except for baseline heart rate adjusted for center
only). A negative difference means that the average value is lower with than without PedAMINES.

°HR: heart rate.
dH ghest value of HRpez among the 4 drugs.

Figure5. Mean heart rate (error bars=SD) in the baseline, the 4 consecutive heart rate peaks numbered according to the sequentia prescription of each
drug, and recovery time points over the course of the scenario. HR: heart rate.
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correlated with the maximal HRey (Spearman r=0.02 and

Correlation Between Perceived Stressand Heart Rate .
r=-0.04, respectively)

A strong correlation was found between STAI-Y and the VAS
scores for the perceived stress by the participants before the  Discussion
intervention (Spearman r=0.72) and after the intervention
(Spearman r=0.68). However, the STAI-Y and the VAS scores Principal Findings
before the intervention were poorly correlated with HR at
baseline (Spearman r=0.14 and r=0.22, respectively). The
STAI-Y and VAS scores after the intervention were not

The unpredictable out-of-hospital environment and high-stake
CPR situations lead to major stressful experiencesfor involved
rescuers, which can adversely affect patient safety [5]. In this
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randomized controlled trial, we report asignificant increasein
both perceived and physiological stress in paramedics during
the preparation of emergency drugsfor pediatric OHCA patients
inasimulated model. However, perceived stresswas 27% lower
among those who used a specific mHealth app designed to
facilitate drug preparation compared with those who only had
access to conventional preparation methods. This result was
observed irrespective of paramedics’ years of experience, age,
or gender, suggesting a worthwhile benefit of its use in the
prehospital setting.

Quantification of the acute stress response of rescuers during
CPR has been the subject of many studies, although no single
stress-specific marker for its measurement has been definitively
validated [70]. Thus, previous studies have used, alone or in
conjunction, different surrogate stress markers (ie, biological,
electrophysiological or psychological) to assesstherelationship
between stress and CPR performance [11]. Those considering
subjective stress markers by means of self-reported
guestionnaires, such as the STAI, showed the strongest
association with lower performance [6,11]. On the other hand,
stress-coping  strategies such as leadership and stress
management training, cognitive aids (eg, checklists and
algorithms), and mindfulness meditation have been shown to
enhance CPR performance[5,71]. However, these studiesmostly
focused primarily onresidents[11], aless experienced and likely
more stress-prone population, thus providing little evidence
regarding more experienced rescuers. Evidence regarding
paramedics is scarce. Few studies in the field have yielded
conflicting results. LeBlanc et a [56] compared paramedics
acute perceived and salivary cortisol stress responses and
performance during simulated low- and high-stress scenarios.
They observed impairments in some aspects of clinical
performance in response to a high-stress scenario. Among these
aspects, stress significantly impaired drug dosage calculation
and was associated with agreater risk of error [14]. Interestingly,
these authors reported a subjective mean STAI-rated overall
stress of 46.1 for paramedics under high-stress conditions,
corroborating our own findings. Conversely, Bjgrshol et al [72]
observed no performance impairment associated with higher
self-reported stressin arandomized trial comparing paramedics
under calm CPR conditions with those under stressful CPR
conditions. Unfortunately, in these studies, no evaluation of
interventions aimed at specifically reducing stress during CPR
and studying their consecutive impact on performance was
carried out. To date, the bulk of the research and devel opment
for interventions to reduce stress has mostly focused on
long-lasting mental illnesses using mobile self-management
appsin the field of health psychology [73]. To our knowledge,
thistrial isthefirst of itskind to report reduced perceived stress
during multiple drug dosage calculations by advanced care
paramedics supported by amabile app in acute life-threatening
situations. Prehospital dosing errors, athough probably
underreported due to failure to recognize them or reluctance to
report them [70,74], affect approximately 56,000 children treated
by EM S each year in the United States, with drugs administered
outside of the proper dose range reported in up to 39.8% of
more than 5500 children [31,75]. Facilitating emergency drug
preparation at pediatric dosage while reducing stress might
reduce these errors.
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Acute stress situations elicit not only a psychological but also
an adaptive, generaly transient, physiological stress response
carried out by regulatory pathways through the activation of
the cardiovascul ar, endocrine, immune, and autonomic nervous
systems [76,77]. The overall stress response is a combination
of these complex and relatively independent pathways, without
necessarily showing correlations with each other [57,58,78].
Additionally, there are interindividual differencesin perceived
and physiological stressresponsesin the same situation [76,78].
In this study, although perceived acute stress was reduced by
the use of the app, such a reduction was not observed in HR
that remained high in both groups during the scenario. This
finding is consistent with that of the existing literature. At the
individual level, the rel ationship between self-reported perceived
stressand physiological stress measured by objective parameters
such asHR has been shown to be somewhat inconsistent [57,79].
Clarke et al [80] examined the relationship between emergency
medicine residents’ self-reported stress before and after a
simulation exercise and HR throughout the scenario. They
observed that HR elevation aone correlated poorly with both
perceived stress and clinical performance. Similar results were
observed in another study where varying stress levels in
simulated trauma scenarios elicited higher subjective stressand
cortisol levelsand poorer performance among residents exposed
to high-stress conditions, whereas HR elevation was not
significantly different between low- or high-stress conditions
[81]. Among the reasons that may explain this phenomenon, it
has been speculated that strenuous physical activity could be a
confounding factor for HR, limiting its value as a marker of
mental stress in acute situations [6,11]. In this study, physical
activity waslimited to theinitial hands-on resuscitation period.
Thereafter, physical activity was restricted to the preparation
of drugsin close proximity to the patient, thus limiting exertion.
Hence, although indicative of a state of menta stress in the
absence of physical exertion, it appears from this study that
sustained HR at high levels cannot be used alone as a
physiological expression of perceived stress. An alternative
explanation for the variation in HR observed over the course of
the scenario may liein thelevel of stress-induced physiological
activation desirable for optimal task performance, with higher
HR level s observed during drug preparations. Thisis consistent
with the relationship between stress and performance that has
been described theoretically by Yerkes-Dodson [82] and follows
aninverted U-shaped curve. At low levelsof stress, performance
is poor but increases with increasing stress levelsuntil acertain
optimal point is reached, beyond which task performance and
decision making abilities could become impaired, followed by
a decline in performance quality [83]. Although we cannot
comment on whether the observed HR levels represented the
optimal HR zone for best performance, our results suggest that
an adaptive physiological response to stress, at least in terms
of HR levels, was similarly triggered in both study groups.

Limitations

This study had several limitations. First, as drug preparation
times varied considerably from one participant to another and
could have influenced any stress attenuation or exaggeration
over time, we decided not to measure average HRs per drug.
Second, the collection of additional physiological stressmarkers
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was not carried out, which could also be seen as a limitation.
However, measuring paramedics cortisol levels would have
required complex consideration of intra and interindividual
circadian rhythms among day and night shift paramedics, as
well as serial collection of blood, saliva, or sweat samples to
capture baseline and in-scenario values, making the procedure
impractical and potentially prone to preparation bias [84]. On
the other hand, measuring paramedics' HR variability, which
has been shown to be influenced by stress during emergency
care and a reliable means of monitoring it [11,57,85], would
require signal acquisition by an electrocardiogram. This could
have potentially restrained paramedics movements and
involvement, thus hindering their ability to prepare the drugs
according to usual practice. Considering the use of wearable
photopl ethysmography to measure pulse rate variability may
be a promising alternative to overcome this limitation in future
studies [86,87]. Another limitation of our trial includes its
simulated setting, which raisesthe concern of itsgeneralizability
to real-life situations. High-fidelity simulation has been shown
to be asredlistic and stressful asreal-life situations, both at the
psychological and physiological levels[6,11,88]. Furthermore,
simulation is an essential method for assessing research
guestions and technol ogies that cannot be answered during real
CPR as the diversity among patients and their diseases makes
such studies difficult to standardize in critical situations [89].

Lacour et al

In addition, in the voluntary absence of correlational analysis
in this study due to a nonexhaustive investigation of all stress
response axes, our data does not allow causal inferences to be
made about the relationship between psychological and
physiological stressreactivity and emergency drugs preparation.
They only provide a sketch in this direction, which requires
further research. Finally, we acknowledge that this study did
not distinguish whether and to what extent emergency drugs
preparation had a greater influence on stress than the pediatric
OHCA situation itself or vice versa

Conclusions

In thisnested randomized controlled trial, paramedics confronted
with a high-stress pediatric OHCA scenario reported a lower
level of perceived stress when using a mobile app designed to
help pediatric drug preparation compared with conventional
calculation methods. As acute perceived stress is associated
with lower CPR performance in calculating drug dosages and
as the children are particularly vulnerable to such errors, we
suggest that dedicated medical mobile apps have the potential
to reduce stress while improving medication safety. This could
change the prehospital clinical practice in the area of pediatric
emergency medicine. The next step would be to determine in
real-life studies whether stress reduction through the app
trandatesinto improved clinical outcomesto contrast the results

of this actual research.

Acknowledgments

We are grateful to Rosemary Sudan (Freelance Technical Editor) for providing editorial assistance. We are also grateful to Mr.
Lorenz Vogt and Mr. Alexandre Glasner for their assistance in trandation in some emergency medical services centers. These 3
people were compensated for their work.

This trial was funded by the Swiss National Science Foundation (grant SNSF_32003B_182374. The funders had no role in the
design and conduct of the study; collection, management, analysis, and interpretation of the data; preparation, review, or approval
of the manuscript; and decision to submit the manuscript for publication.

Authors Contributions

ML was responsible for the literature search and reading the articles, performed data curing, interpreted the data, and drafted the
manuscript together with INS. LB, SM, and INS were responsible for the concept and design of the study and critical review of
the manuscript content, with the support of CC, LS, and FR. LB, SM, and JNS were responsible for the data acquisition. CC
performed the data analyses. KH and FH provided technical and material support. FE was responsible for the devel opment of the
project software with the support of SM and JNS. CL and AG oversaw the devel opment of the project software. SM was thetrial
coordinator and procured funding. JNS was responsible for the overall conduct of this study and oversaw the writing of this
manuscript. All authors have contributed to, seen, and approved the final submitted version of the manuscript; had full access to
all thedata, including statistical reports and tablesin the study, and take responsibility for theintegrity of the dataand the accuracy
of the data analysis. The corresponding author (JNS) confirms that he had full access to the participants data and endorsed the
final responsibility for the submission. He further affirms that the manuscript is an honest, accurate, and transparent account of
the study being reported; that no important aspects of the study have been omitted, and that any deviations from the study plan
have been explained. The collaborating members of the PedAMINES Prehospital Group are as follows (for the complete list of
the group members, see Multimedia Appendix 2): Marec Saillant, EM S-p (Geneva Team Ambulances (GTA), Geneva, Switzerland),
Renaud Grandjean EMS-p (SK Ambulances, Geneva, Switzerland), Annick Leuenberger EM S-p (Secours Ambulances Genéve
(SAG), Geneva, Switzerland), Pascal Donnet, EMS-p, and Philippe Hauck, EMS-p (Service de Sauvetage et de L utte contre les
Incendies Aéroportuaires (SSLIA), Geneva, Switzerland), Sébastien Pappaardo EM S-p (Service d'Incendie et de Secours (SIS),
Geneva, Switzerland), Philippe Nidegger EM S-p (Ambulance Riviera, La Tour-de-Peilz, Switzerland), David Neel, Flight EMS-p
(Air Zermatt SA, Zermatt, Switzerland), Stephan Steinhauser, MD (Hohere Fachschule fur Rettungsberufe (HFRB), Zirich,
Switzerland), Michel Ceschi, EMS-p, and Bruno Belli EMS-p (Servizio Ambulanza Locarnese e Vali (SALVA), Ticino,
Switzerland), Sébastien Ottet EMS-p, and Wenceslao Garcia, MD (Ambulances du Sud Fribourgeois, Vaulruz, Switzerland),

https://mhealth.jmir.org/2021/10/e31748 JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 10 [e31748 | p.73

(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH Lacour et &

Yoan Mollier EMS-p, Yves Vollenweider EMS-p, and Pierre Voumard, EMS-p (Service Communal de la Sécurité (SCS),
Neuchéatel, Switzerland), Karine Corbat, EMS-p, and Philippe Robadey, EMS-p (Service de Protection et Sauvetage Lausanne
(SPSL), Lausanne, Switzerland), Joél Bauer, EMS-p, and Cyril Berger, EMS-p (Centre de Secours et d'Urgences (CSU)
Morges-Aubonne, Aubonne, Switzerland). These contributors coordinated thetrial in their respective EM S centers. None of them
received compensation for their role in the study.

Conflictsof Interest

Geneva University Hospitals are owners of the PedAMINES app. The app is currently commercially available on Google Play
Store and App Store (Apple) for research and educationa purposes. INS, CL, AG, FE, and SM declare individual intellectual
property rights on this app and, as employees of Geneva University Hospitals, indirect institutional rewarding through its
commercialization (ie, without personal enrichment). The authors declare no other relationships or activities that could appear
to have influenced the submitted work. All authors have completed the International Committee of Medical Journal Editors
uniform disclosure form and declare no support from commercial entities for the submitted work, and no financial relationships
with any commercial entities that might have an interest in the submitted work in the previous 3 years.

Multimedia Appendix 1

Subgroup analysis for the primary outcome by gender, age, and years since paramedic certification and State-Trait Anxiety
Inventory perceived stress score.

[DOCX File, 17 KB - mhealth v9i10e31748 appl.docx ]

Multimedia Appendix 2
PedAMINES Prehospital Trial Group.
[DOCX File, 16 KB - mhealth v9i10e31748 app2.docx ]

References

1. Virani SS, Alonso A, Benjamin EJ, Bittencourt MS, Callaway CW, Carson AP, American Heart Association Council on
Epidemiology and Prevention Statistics Committee and Stroke Statistics Subcommittee. Heart Disease and Stroke
Statistics-2020 Update: A report from the American Heart Association. Circulation 2020 Mar 03;141(9):139-596. [doi:
10.1161/CIR.0000000000000757] [Medline: 31992061]

2. YanS GanY,JangN, Wang R, ChenY, Luo Z, et a. The global survival rate among adult out-of-hospital cardiac arrest
patientswho received cardiopulmonary resuscitation; asystematic review and meta-analysis. Crit Care 2020 Feb 22;24(1):61
[FREE Full text] [doi: 10.1186/s13054-020-2773-2] [Medline: 32087741]

3. Genbrugge C, Eertmans W, Salcido DD. Monitor the quality of cardiopulmonary resuscitation in 2020. Curr Opin Crit
Care 2020 Jun;26(3):219-227. [doi: 10.1097/M CC.0000000000000726] [Medline: 32332284]

4. KrageR, Zwaan L, Len LT, Kolenbrander MW, van Groeningen D, Loer SA, et a. Relationship between non-technical
skills and technical performance during cardiopulmonary resuscitation: does stress have an influence? Emerg Med J 2017
Nov;34(11):728-733 [FREE Full text] [doi: 10.1136/emermed-2016-205754] [Medline: 28844039]

5. Groombridge CJ, Kim Y, Maini A, Smit DV, Fitzgerald MC. Stress and decision-making in resuscitation: A systematic
review. Resuscitation 2019 Nov;144:115-122 [FREE Full text] [doi: 10.1016/j.resuscitation.2019.09.023] [Medline:
31562904]

6. Hunziker S, Semmer NK, Tschan F, Schuetz P, Mueller B, Marsch S. Dynamics and association of different acute stress
markers with performance during a simulated resuscitation. Resuscitation 2012 May;83(5):572-578. [doi:
10.1016/j.resuscitation.2011.11.013] [Medline: 22115935]

7.  Hunziker S, Laschinger L, Portmann-Schwarz S, Semmer NK, Tschan F, Marsch S. Perceived stress and team performance
during asimulated resuscitation. Intensive Care Med 2011 Sep;37(9):1473-1479. [doi: 10.1007/s00134-011-2277-2]
[Medline: 21695475]

8. Kaeitel A, Ringleb M, Schwartges |, Weik U, Picker O, Stockhorst U, et a. Endocrine and psychological stress responses
inasimulated emergency situation. Psychoneuroendocrinology 2011 Jan;36(1):98-108. [doi: 10.1016/j.psyneuen.2010.06.011]
[Medline: 20650570]

9. Cumming S, Harris L. Theimpact of anxiety on the accuracy of diagnostic decision-making. Stress Health 2001 Oct
27;17(5):281-286 [FREE Full text] [doi: 10.1002/smi.909]

10. Schull MJ, FerrisLE, Tu JV, Hux JE, Redelmeier DA. Problemsfor clinical judgement: 3. Thinking clearly in an emergency.
Can Med Asso J 2001 Apr 17;164(8):1170-1175 [FREE Full text] [Medline: 11338805]

11. Vincent A, Semmer NK, Becker C, Beck K, Tschan F, Bobst C, et al. Does stress influence the performance of
cardiopulmonary resuscitation? A narrative review of the literature. J Crit Care 2021 Jun;63:223-230. [doi:
10.1016/j.jcre.2020.09.020] [Medline: 33046274]

https://mhealth.jmir.org/2021/10/e31748 JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 10 [e31748 | p.74
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=mhealth_v9i10e31748_app1.docx&filename=8d70ce80af4b9e12063257e40c061fb6.docx
https://jmir.org/api/download?alt_name=mhealth_v9i10e31748_app1.docx&filename=8d70ce80af4b9e12063257e40c061fb6.docx
https://jmir.org/api/download?alt_name=mhealth_v9i10e31748_app2.docx&filename=8022b7cc556c1e7009b901df4cfb74f9.docx
https://jmir.org/api/download?alt_name=mhealth_v9i10e31748_app2.docx&filename=8022b7cc556c1e7009b901df4cfb74f9.docx
http://dx.doi.org/10.1161/CIR.0000000000000757
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31992061&dopt=Abstract
https://ccforum.biomedcentral.com/articles/10.1186/s13054-020-2773-2
http://dx.doi.org/10.1186/s13054-020-2773-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32087741&dopt=Abstract
http://dx.doi.org/10.1097/MCC.0000000000000726
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32332284&dopt=Abstract
http://emj.bmj.com/lookup/pmidlookup?view=long&pmid=28844039
http://dx.doi.org/10.1136/emermed-2016-205754
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28844039&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0300-9572(19)30634-3
http://dx.doi.org/10.1016/j.resuscitation.2019.09.023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31562904&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2011.11.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22115935&dopt=Abstract
http://dx.doi.org/10.1007/s00134-011-2277-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21695475&dopt=Abstract
http://dx.doi.org/10.1016/j.psyneuen.2010.06.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20650570&dopt=Abstract
https://doi.org/10.1002/smi.90
http://dx.doi.org/10.1002/smi.909
http://www.cmaj.ca/cgi/pmidlookup?view=long&pmid=11338805
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11338805&dopt=Abstract
http://dx.doi.org/10.1016/j.jcrc.2020.09.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33046274&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Lacour et &

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

LauriaMJ, Gallo 1A, Rush S, Brooks J, Spiegel R, Weingart SD. Psychological skillsto improve emergency care providers
performance under stress. Ann Emerg Med 2017 Dec; 70(6):884-890. [doi: 10.1016/j.annemergmed.2017.03.018] [Medline:
28460863]

DiasR, Neto A. Stress levels during emergency care: A comparison between reality and simulated scenarios. J Crit Care
2016 Jun;33:8-13. [doi: 10.1016/j.jcrc.2016.02.010] [Medline: 26987261]

LeBlanc VR, MacDonad RD, McArthur B, King K, Lepine T. Paramedic performancein cal culating drug dosagesfollowing
stressful scenariosin ahuman patient simulator. Prehosp Emerg Care 2005;9(4):439-444. [doi: 10.1080/10903120500255255]
[Medline: 16263679]

Brindley PG, O'Dochartaigh D, Volney C, Ryan S, DoumaMJ. Time del ays associ ated with vasoactive medication preparation
and delivery in simulated patients at risk of cardiac arrest. JCrit Care 2017 Aug;40:149-153. [doi: 10.1016/j.jcrc.2017.04.003]
[Medline: 28402925]

Flannery AH, Parli SE. Medication errorsin cardiopulmonary arrest and code-related situations. Am J Crit Care 2016
Jan; 25(1):12-20. [doi: 10.4037/8jcc2016190] [Medline: 26724288]

Kaufmann J, Laschat M, Wappler F. Medication errorsin pediatric emergencies: a systematic analysis. Dtsch Arztebl Int
2012 Sep;109(38):609-616 [FREE Full text] [doi: 10.3238/arztebl.2012.0609] [Medline: 23093991]

Moreira ME, Hernandez C, Stevens AD, Jones S, Sande M, Blumen JR, et a. Color-coded prefilled medication syringes
decrease time to delivery and dosing error in simulated emergency department pediatric resuscitations. Ann Emerg Med
2015 Aug;66(2):97-106 [FREE Full text] [doi: 10.1016/j.annemergmed.2014.12.035] [Medline: 25701295]

McDowell SE, Ferner HS, Ferner RE. The pathophysiology of medication errors: how and where they arise. Br JClin
Pharmacol 2009 Jun;67(6):605-613 [FREE Full text] [doi: 10.1111/].1365-2125.2009.03416.x] [Medline: 19594527]
Stucky ER, American Academy of Pediatrics Committee on Drugs, American Academy of Pediatrics Committee on Hospital
Care. Prevention of medication errors in the pediatric inpatient setting. Pediatrics 2003 Aug;112(2):431-436. [doi:
10.1542/peds.112.2.431] [Medline: 12897304]

Cushman JT, Fairbanks RJ, O'GaraK G, Crittenden CN, Pennington EC, Wilson MA, et a. Ambulance personnel perceptions
of near misses and adverse events in pediatric patients. Prehosp Emerg Care 2010;14(4):477-434 [EREE Full text] [doi:
10.3109/10903127.2010.497901] [Medline: 20662679]

Luten R, Wears RL, Broselow J, Croskerry P, Joseph MM, Frush K. Managing the unique size-related issues of pediatric
resuscitation: reducing cognitive load with resuscitation aids. Acad Emerg Med 2002 Aug;9(8):840-847 [FREE Full text]
[Medline: 12153892]

Seidel JS, Henderson DR, Ward P, Wayland BW, Ness B. Pediatric prehospital care in urban and rural areas. Pediatrics
1991 Oct;88(4):681-690. [Medline: 1896270]

Kaji AH, Gausche-Hill M, Conrad H, Young KD, Koenig WJ, Dorsey E, et a. Emergency medical services system changes
reduce pediatric epinephrine dosing errors in the prehospital setting. Pediatrics 2006 Oct;118(4):1493-1500. [doi:
10.1542/peds.2006-0854] [Medline: 17015540]

Shah MN, Cushman JT, Davis CO, Bazarian JJ, Auinger P, Friedman B. The epidemiol ogy of emergency medical services
use by children: an analysis of the National Hospital Ambulatory Medical Care Survey. Prehosp Emerg Care
2008;12(3):269-276 [FREE Full text] [doi: 10.1080/10903120802100167] [Medline: 18584491]

Su E, Schmidt TA, Mann NC, Zechnich AD. A randomized controlled trial to assess decay in acquired knowledge among
paramedics completing a pediatric resuscitation course. Acad Emerg Med 2000 Jul;7(7):779-786 [ FREE Full text] [doi:
10.1111/j.1553-2712.2000.tb02270.x] [Medline: 10917328]

Benjamin L, Frush K, Shaw K, Shook JE, Snow SK. Pediatric medication safety in the emergency department. Pediatrics
2018 Mar 01;141(3):e20174066. [doi: 10.1542/peds.2017-4066]

Gonzales K. Medication administration errors and the pediatric population: a systematic search of the literature. J Pediatr
Nurs 2010 Dec;25(6):555-565. [doi: 10.1016/j.pedn.2010.04.002] [Medline: 21035020]

Kausha R, Bates DW, Landrigan C, McKennaKJ, Clapp MD, Federico F, et al. Medication errors and adverse drug events
in pediatric inpatients. JAm Med Assoc 2001 Apr 25;285(16):2114-2120. [Medline: 11311101]

Marcin JP, Dharmar M, Cho M, Seifert LL, Cook JL, Cole SL, et al. Medication errors among acutely ill and injured
children treated in rural emergency departments. Ann Emerg Med 2007 Oct;50(4):361-367. [doi:
10.1016/j.annemergmed.2007.01.020] [Medline: 17433496]

Hoyle JD, Crowe RP, Bentley MA, Beltran G, Fales W. Pediatric prehospital medication dosing errors. a national survey
of paramedics. Prehosp Emerg Care 2017;21(2):185-191. [doi: 10.1080/10903127.2016.1227001] [Medline: 28257249]
Lammers R, Byrwa M, Fales W. Root causes of errorsin asimulated prehospital pediatric emergency. Acad Emerg Med
2012 Jan;19(1):37-47 [FREE Full text] [doi: 10.1111/j.1553-2712.2011.01252.X] [Medline: 22251191]

Hall C, Robertson D, Rolfe M, Pascoe S, Passey ME, Pit SW. Do cognitive aids reduce error rates in resuscitation team
performance? Tria of emergency medicine protocolsin simulation training (TEMPIST) in Australia. Hum Resour Health
2020 Jan 08;18(1):1 [FREE Full text] [doi: 10.1186/s12960-019-0441-x] [Medline: 31915029]

Gausche-Hill M, Krug S, Wright J. Emergency medical services (EMS) 2050: avision for the future of pediatric prehospital
care. Prehosp Emerg Care 2021;25(1):91-94. [doi: 10.1080/10903127.2020.1734123] [Medline: 32091291]

https://mhealth.jmir.org/2021/10/e31748 JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 10 [e31748 | p.75

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.annemergmed.2017.03.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28460863&dopt=Abstract
http://dx.doi.org/10.1016/j.jcrc.2016.02.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26987261&dopt=Abstract
http://dx.doi.org/10.1080/10903120500255255
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16263679&dopt=Abstract
http://dx.doi.org/10.1016/j.jcrc.2017.04.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28402925&dopt=Abstract
http://dx.doi.org/10.4037/ajcc2016190
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26724288&dopt=Abstract
http://dx.doi.org/10.3238/arztebl.2012.0609
http://dx.doi.org/10.3238/arztebl.2012.0609
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23093991&dopt=Abstract
http://europepmc.org/abstract/MED/25701295
http://dx.doi.org/10.1016/j.annemergmed.2014.12.035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25701295&dopt=Abstract
https://doi.org/10.1111/j.1365-2125.2009.03416.x
http://dx.doi.org/10.1111/j.1365-2125.2009.03416.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19594527&dopt=Abstract
http://dx.doi.org/10.1542/peds.112.2.431
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12897304&dopt=Abstract
http://europepmc.org/abstract/MED/20662679
http://dx.doi.org/10.3109/10903127.2010.497901
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20662679&dopt=Abstract
http://onlinelibrary.wiley.com/resolve/openurl?genre=article&sid=nlm:pubmed&issn=1069-6563&date=2002&volume=9&issue=8&spage=840
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12153892&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1896270&dopt=Abstract
http://dx.doi.org/10.1542/peds.2006-0854
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17015540&dopt=Abstract
http://europepmc.org/abstract/MED/18584491
http://dx.doi.org/10.1080/10903120802100167
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18584491&dopt=Abstract
https://onlinelibrary.wiley.com/resolve/openurl?genre=article&sid=nlm:pubmed&issn=1069-6563&date=2000&volume=7&issue=7&spage=779
http://dx.doi.org/10.1111/j.1553-2712.2000.tb02270.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10917328&dopt=Abstract
http://dx.doi.org/10.1542/peds.2017-4066
http://dx.doi.org/10.1016/j.pedn.2010.04.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21035020&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11311101&dopt=Abstract
http://dx.doi.org/10.1016/j.annemergmed.2007.01.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17433496&dopt=Abstract
http://dx.doi.org/10.1080/10903127.2016.1227001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28257249&dopt=Abstract
https://doi.org/10.1111/j.1553-2712.2011.01252.x
http://dx.doi.org/10.1111/j.1553-2712.2011.01252.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22251191&dopt=Abstract
https://human-resources-health.biomedcentral.com/articles/10.1186/s12960-019-0441-x
http://dx.doi.org/10.1186/s12960-019-0441-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31915029&dopt=Abstract
http://dx.doi.org/10.1080/10903127.2020.1734123
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32091291&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Lacour et &

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

Roncero A, Marques G, Sainz-De-Abgjo B, Martin-Rodriguez F, Vegas C, Garcia-Zapirain B, et al. Mobile health apps
for medical emergencies. systematic review. IMIR Mhealth Uhealth 2020 Dec 11;8(12):€18513 [FREE Full text] [doi:
10.2196/18513] [Medline: 33306037]

Siebert N, Ehrler F, Combescure C, Lacroix L, Haddad K, Sanchez O, et a. A mobile device app to reduce time to drug
delivery and medication errors during simulated pediatric cardiopulmonary resuscitation: a randomized controlled trial. J
Med Internet Res 2017 Feb 01;19(2):e31 [FREE Full text] [doi: 10.2196/jmir.7005] [Medline: 28148473]

Siebert JN, Ehrler F, Combescure C, Lovis C, Haddad K, Hugon F, PedAMINES Trial Group. A mobile device application
to reduce medication errors and time to drug delivery during ssmulated paediatric cardiopulmonary resuscitation: amulticentre,
randomised, controlled, crossover trial. Lancet Child Adolesc Health 2019 May;3(5):303-311. [doi:
10.1016/S2352-4642(19)30003-3] [Medline: 30797722]

Siebert N, Bloudeau L, Combescure CB, Haddad K, Hugon F, Suppan L, Pediatric Accurate Medication in Emergency
Situations (PedAMINES) Prehospital Group. Effect of a mobile app on prehospital medication errors during simulated
pediatric resuscitation: arandomized clinical trial. JAMA Netw Open 2021 Aug 02;4(8):e2123007 [EFREE Full text] [doi:
10.1001/jamanetworkopen.2021.23007] [Medline: 34459905]

Siebert N, Bloudeau L, Ehrler F, Combescure C, Haddad K, Hugon F, et a. A mobile device app to reduce prehospital
medication errors and time to drug preparation and delivery by emergency medical services during simulated pediatric
cardiopulmonary resuscitation: study protocol of a multicenter, prospective, randomized controlled trial. Trials 2019 Nov
20;20(1):634 [FREE Full text] [doi: 10.1186/s13063-019-3726-4] [Medline: 31747951]

Stenner K, van Even S, Collen A. Early adopters of paramedic prescribing: a qualitative study. Br Paramed J 2019 Dec
01;4(3):57 [FREE Full text] [doi: 10.29045/14784726.2019.12.4.3.57] [Medline: 33447155]

Kiguchi T, Okubo M, Nishiyama C, Maconochie |, Ong ME, Kern KB, et a. Out-of-hospital cardiac arrest across the
World: First report from the International Liaison Committee on Resuscitation (IL COR). Resuscitation 2020 Jul;152:39-49.
[doi: 10.1016/].resuscitation.2020.02.044] [Medline: 32272235]

Ehrler F, Siebert IN. PedAMINES: a disruptive mHealth app to tackle paediatric medication errors. Swiss Med Wkly 2020
Aug 24;150:w20335 [FREE Full text] [doi: 10.4414/smw.2020.20335] [Medline: 32920794]

Oviatt S. Human-centered design meets cognitive load theory: designing interfaces that help people think. In: Proceedings
of the 14th ACM international conference on Multimedia. New York, NY, United States: Association for Computing
Machinery; 2006 Oct 23 Presented at: MM '06: 14th ACM international conference on Multimedia; October 23 - 27, 2006;
Santa Barbara, CA, USA p. 871-880. [doi: 10.1145/1180639.1180831]

Durrani S, Durrani Q. Applying cognitive psychology to user interfaces. In: Proceedings of the First International Conference
on Intelligent Human Computer Interaction. New Delhi: Springer India; 2009 Presented at: First International Conference
on Intelligent Human Computer Interaction; January 2023, 2009; Allahabad, India p. 156-168.

Harper S, Michailidou E, Stevens R. Toward a definition of visual complexity as an implicit measure of cognitive load.
ACM Trans Appl Percept 2009 Feb 15;6(2):1-18. [doi: 10.1145/1498700.1498704]

MacKenzie IS. Fitts law as aresearch and design tool in human-computer interaction. Hum Comput Interact 2009 Nov
11;7(1):91-139. [doi: 10.1207/s15327051hci0701 3]

Spillers F. Progressive disclosure: the glossary of human computer interaction. Denmark: Interaction Design Foundation.
2016. URL: https://www.interaction-design.org/literature/book/the-gl ossary-of -human-computer-interaction/
progressive-disclosure [accessed 2021-09-19]

Venkatesh V, Morris MG, Davis GB, Davis FD. User acceptance of information technology: toward a unified view. MIS
Q 2003;27(3):425. [doi: 10.2307/30036540]

Brooke J. SUS- 'A quick and dirty' usability scale. In: Usability Evaluation in Industry. London, UK: Taylor and Francis;
1996:4-7.

Sousa VE, Lopez KD. Towards usable e-Health. A systematic review of usability questionnaires. Appl Clin Inform 2017
Dec 10;8(2):470-490 [FREE Full text] [doi: 10.4338/ACI-2016-10-R-0170] [Medline: 28487932]

Gauthier J, Bouchard S. Adaptation canadienne-francaise delaformerévisée du State-Trait Anxiety Inventory de Spielberger.
Can JBehav Sci / Revue canadienne des sciences du comportement 1993 Oct;25(4):559-578. [doi: 10.1037/h0078881]
Spielberger CD. State-trait anxiety inventory for adults™. Mind Garden, Inc. URL: http://www.mindgarden.com/products/
staisad.htm [accessed 2021-09-19]

Spielberger CD. Manual for the State-Trait Anxiety Inventory STAI (form Y) (“self-evaluation questionnaire”). Palo Alto,
CA, USA: Consulting Psychologists Press; 1983.

Spielberger C, Gorsuch R, Lushene R, Vagg P, Jacobs G. State-trait anxiety inventory for adults: self-evaluation questionnaire
(STAI Form Y-1 and Form Y-2). Mind Garden, Redwood City, CA. 1968. URL: https://oml.eular.org/sysM odul es/obxOml/
docg/ID_150/State-Trait-Anxiety-Inventory.pdf [accessed 2021-09-22]

Harvey A, Nathens AB, BandieraG, Leblanc VR. Threat and challenge: cognitive appraisal and stress responsesin simulated
trauma resuscitations. Med Educ 2010 Jun;44(6):587-594. [doi: 10.1111/j.1365-2923.2010.03634.x] [Medline: 20604855]
Leblanc VR, Regehr C, Tavares W, Scott AK, Macdonald R, King K. The impact of stress on paramedic performance
during simulated critical events. Prehosp Disaster Med 2012 Aug;27(4):369-374. [doi: 10.1017/S1049023X12001021]
[Medline: 22831965]

https://mhealth.jmir.org/2021/10/e31748 JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 10 [e31748 | p.76

(page number not for citation purposes)


https://mhealth.jmir.org/2020/12/e18513/
http://dx.doi.org/10.2196/18513
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33306037&dopt=Abstract
http://www.jmir.org/2017/2/e31/
http://dx.doi.org/10.2196/jmir.7005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28148473&dopt=Abstract
http://dx.doi.org/10.1016/S2352-4642(19)30003-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30797722&dopt=Abstract
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/10.1001/jamanetworkopen.2021.23007
http://dx.doi.org/10.1001/jamanetworkopen.2021.23007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34459905&dopt=Abstract
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-019-3726-4
http://dx.doi.org/10.1186/s13063-019-3726-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31747951&dopt=Abstract
http://europepmc.org/abstract/MED/33447155
http://dx.doi.org/10.29045/14784726.2019.12.4.3.57
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33447155&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2020.02.044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32272235&dopt=Abstract
https://doi.emh.ch/10.4414/smw.2020.20335
http://dx.doi.org/10.4414/smw.2020.20335
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32920794&dopt=Abstract
http://dx.doi.org/10.1145/1180639.1180831
http://dx.doi.org/10.1145/1498700.1498704
http://dx.doi.org/10.1207/s15327051hci0701_3
https://www.interaction-design.org/literature/book/the-glossary-of-human-computer-interaction/progressive-disclosure
https://www.interaction-design.org/literature/book/the-glossary-of-human-computer-interaction/progressive-disclosure
http://dx.doi.org/10.2307/30036540
http://europepmc.org/abstract/MED/28487932
http://dx.doi.org/10.4338/ACI-2016-10-R-0170
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28487932&dopt=Abstract
http://dx.doi.org/10.1037/h0078881
http://www.mindgarden.com/products/staisad.htm
http://www.mindgarden.com/products/staisad.htm
https://oml.eular.org/sysModules/obxOml/docs/ID_150/State-Trait-Anxiety-Inventory.pdf
https://oml.eular.org/sysModules/obxOml/docs/ID_150/State-Trait-Anxiety-Inventory.pdf
http://dx.doi.org/10.1111/j.1365-2923.2010.03634.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20604855&dopt=Abstract
http://dx.doi.org/10.1017/S1049023X12001021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22831965&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Lacour et &

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Ghazali DA, Darmian-Rafei |, Nadolny J, Sosner P, Ragot S, Oriot D. Evaluation of stress response using psychological,
biological, and electrophysiological markers during immersive simulation of life threatening events in multidisciplinary
teams. Aust Crit Care 2018 Jul;31(4):226-233. [doi: 10.1016/j.aucc.2017.07.001] [Medline: 28756943]

Bong C, Fraser K, Oriot D. Cognitiveload and stressin simulation. In: Grant V, Cheng A, editors. Comprehensive Healthcare
Simulation: Pediatrics. Cham: Springer International Publishing; Jun 16, 2016:3-17.

Spielberger C, Gorsuch R, Lushene R, Vagg R, Jacobs G. State-Trait Anxiety Inventory for Adults. Manual, Instrument,
and Scoring Guide. Redwood City, CA, USA: Mind Garden, Inc; 1983.

Lesage F, Berjot S, Deschamps F. Clinical stress assessment using avisual analogue scale. Occup Med (Lond) 2012
Dec;62(8):600-605 [FREE Full text] [doi: 10.1093/occmed/kgs140] [Medline: 22965867]

Furedy JJ, Szabo A, Péronnet F. Effects of psychological and physiological challenges on heart rate, T-wave amplitude,
and pulse-transit time. Int JPsychophysiol 1996;22(3):173-183. [doi: 10.1016/0167-8760(96)00025-6] [Medline: 8835625]
Rider BC, Conger SA, Ditzenberger GL, Besteman SS, Bouret CM, Coughlin AM. Examining the accuracy of the Polar
A360 Monitor. J Strength Cond Res 2021 Aug 01;35(8):2165-2169. [doi: 10.1519/JSC.0000000000003136] [Medline:
34398076]

Boudreaux BD, Hebert EP, Hollander DB, Williams BM, Cormier CL, Naquin MR, et al. Validity of wearable activity
monitors during cycling and resistance exercise. Med Sci Sports Exerc 2018 Mar;50(3):624-633. [doi:

10.1249/M SS.0000000000001471] [Medline: 29189666]

Baldwin S, Bennell C, Andersen JP, Semple T, Jenkins B. Stress-activity mapping: physiological responses during general
duty police encounters. Front Psychol 2019;10:2216 [FREE Full text] [doi: 10.3389/fpsyg.2019.02216] [Medline: 31636582]
Bates D, Méchler M, Bolker B, Walker S. Fitting linear mixed-effects models using Ime4. J Stat Soft 2015;67(1):1-48.
[doi: 10.18637/jss.v067.i01]

World Medical Association. World Medical Association Declaration of Helsinki: ethical principles for medical research
involving human subjects. JAm Med Assoc 2013 Nov 27;310(20):2191-2194. [doi: 10.1001/jama.2013.281053] [Medline:
24141714]

International Conference on Harmonisation E9 Expert Working Group. |CH Harmonised Tripartite Guideline. Statistical
principlesfor clinical trials. Stat Med 1999 Aug 15;18(15):1905-1942. [Medline: 10532877]

Eysenbach G, CONSORT-EHEALTH Group. CONSORT-EHEALTH: improving and standardizing eval uation reports of
Web-based and mobile health interventions. JMed Internet Res 2011;13(4):e€126 [ FREE Full text] [doi: 10.2196/jmir.1923]
[Medline: 22209829]

Cheng A, Kesser D, Mackinnon R, Chang TP, Nadkarni VM, Hunt EA, International Network for Simulation-based
Pediatric Innovation, Research, Education (INSPIRE) Reporting Guidelines Investigators. Reporting guidelines for health
care simulation research: extensions to the CONSORT and STROBE statements. Simul Healthc 2016 Aug;11(4):238-248.
[doi: 10.1097/SIH.0000000000000150] [Medline: 27465839]

Ramadanov N, Klein R, Schumann U, Aguilar AD, Behringer W. Factors, influencing medication errorsin prehospital
care: aretrospective observational study. Medicine (Baltimore) 2019 Dec;98(49):€18200 [FREE Full text] [doi:
10.1097/M D.0000000000018200] [Medline: 31804342]

Hunziker S, Pagani S, Fasler K, Tschan F, Semmer NK, Marsch S. Impact of a stress coping strategy on perceived stress
levels and performance during asimulated cardiopulmonary resuscitation: arandomized controlled trial. BMC Emerg Med
2013 Apr 22;13(8):1-9 [FREE Full text] [doi: 10.1186/1471-227X-13-8] [Medline: 23607331]

Bjarshol CA, Myklebust H, Nilsen KL, Hoff T, Bjarkli C, Iliguth E, et al. Effect of socioemotional stress on the quality of
cardiopulmonary resuscitation during advanced life support in arandomized manikin study. Crit Care Med 2011
Feb;39(2):300-304. [doi: 10.1097/CCM.0b013e3181ffe100] [Medline: 21076285]

Martin D, De LaTorre |, Garcia-Zapirain B, Lopez-Coronado M, Rodrigues J. Managing and controlling stress using
mHealth: systematic search in App stores. IMIR Mhealth Uhealth 2018 May 09;6(5):e111 [FREE Full text] [doi:
10.2196/mhesalth.8866] [Medline: 29743152]

Walker D, Moloney C, SueSee B, Sharples R. Contributing factors that influence medication errors in the prehospital
paramedic environment: a mixed-method systematic review protocol. BMJ Open 2019 Dec 23;9(12):e034094 [ EREE Full
text] [doi: 10.1136/bmjopen-2019-034094] [Medline: 31874897]

Hoyle D, Davis AT, Putman KK, Trytko JA, FalesWD. Medication dosing errorsin pediatric patientstreated by emergency
medical services. Prehosp Emerg Care 2012;16(1):59-66. [doi: 10.3109/10903127.2011.614043] [Medline: 21999707]
Schneiderman N, Ironson G, Siegel SD. Stress and health: psychological, behavioral, and biological determinants. Annu
Rev Clin Psychol 2005;1:607-628 [FREE Full text] [doi: 10.1146/annurev.clinpsy.1.102803.144141] [Medline: 17716101]
Epel E, Crosswell A, Mayer S, Prather A, Slavich G, Puterman E, et al. More than afeeling: a unified view of stress
measurement for population science. Front Neuroendocrinol 2018 Apr;49:146-169 [FREE Full text] [doi:
10.1016/j.yfrne.2018.03.001] [Medline: 29551356]

Can Y S, Chalabianloo N, Ekiz D, Ersoy C. Continuous stress detection using wearable sensorsin rea life: algorithmic
programming contest case study. Sensors 2019 Apr 18;19(8):1849. [doi: 10.3390/s19081849]

https://mhealth.jmir.org/2021/10/e31748 JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 10 [e31748 | p.77

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.aucc.2017.07.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28756943&dopt=Abstract
http://occmed.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=22965867
http://dx.doi.org/10.1093/occmed/kqs140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22965867&dopt=Abstract
http://dx.doi.org/10.1016/0167-8760(96)00025-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8835625&dopt=Abstract
http://dx.doi.org/10.1519/JSC.0000000000003136
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34398076&dopt=Abstract
http://dx.doi.org/10.1249/MSS.0000000000001471
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29189666&dopt=Abstract
https://doi.org/10.3389/fpsyg.2019.02216
http://dx.doi.org/10.3389/fpsyg.2019.02216
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31636582&dopt=Abstract
http://dx.doi.org/10.18637/jss.v067.i01
http://dx.doi.org/10.1001/jama.2013.281053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24141714&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10532877&dopt=Abstract
http://www.jmir.org/2011/4/e126/
http://dx.doi.org/10.2196/jmir.1923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22209829&dopt=Abstract
http://dx.doi.org/10.1097/SIH.0000000000000150
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27465839&dopt=Abstract
https://doi.org/10.1097/MD.0000000000018200
http://dx.doi.org/10.1097/MD.0000000000018200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31804342&dopt=Abstract
https://bmcemergmed.biomedcentral.com/articles/10.1186/1471-227X-13-8
http://dx.doi.org/10.1186/1471-227X-13-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23607331&dopt=Abstract
http://dx.doi.org/10.1097/CCM.0b013e3181ffe100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21076285&dopt=Abstract
http://mhealth.jmir.org/2018/5/e111/
http://dx.doi.org/10.2196/mhealth.8866
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29743152&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=31874897
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=31874897
http://dx.doi.org/10.1136/bmjopen-2019-034094
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31874897&dopt=Abstract
http://dx.doi.org/10.3109/10903127.2011.614043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21999707&dopt=Abstract
http://europepmc.org/abstract/MED/17716101
http://dx.doi.org/10.1146/annurev.clinpsy.1.102803.144141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17716101&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0091-3022(18)30021-9
http://dx.doi.org/10.1016/j.yfrne.2018.03.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29551356&dopt=Abstract
http://dx.doi.org/10.3390/s19081849
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Lacour et &

79.

80.

81.

82.

83.

85.

86.

87.

88.

89.

Oldehinkel AJ, Ormel J, Bosch NM, Bouma EM, Van Roon AM, Rosmalen JG, et al. Stressed out? Associ ations between
perceived and physiological stressresponsesin adolescents: the TRAIL S study. Psychophysiology 2011 Apr;48(4):441-452.
[doi: 10.1111/j.1469-8986.2010.01118.x] [Medline: 21361964]

Clarke S, Horeczko T, Cotton D, Bair A. Heart rate, anxiety and performance of residents during asimulated critical clinical
encounter: apilot study. BMC Med Educ 2014 Jul 27;14:153 [FREE Full text] [doi: 10.1186/1472-6920-14-153] [Medline:
25064689]

Harvey A, Bandiera G, Nathens AB, LeBlanc VR. Impact of stress on resident performance in simulated trauma scenarios.
J Trauma Acute Care Surg 2012 Feb;72(2):497-503. [doi: 10.1097/ta.0b013e31821f84be] [Medline: 22439221]

Yerkes RM, Dodson JD. The relation of strength of stimulus to rapidity of habit-formation. J Comp Neurol Psychol 1908
Nov;18(5):459-482. [doi: 10.1002/cne.920180503]

Frazier SE, Parker SH. Measurement of physiological responsesto acute stressin multiple occupations: asystematic review
and implicationsfor front line healthcare providers. Trand Behav Med 2019 Jan 01;9(1):158-166. [doi: 10.1093/tbm/iby019]
[Medline: 29522140]

Zamkah A, Hui T, Andrews S, Dey N, Shi F, Sherratt RS. Identification of suitable biomarkers for stress and emotion
detection for future personal affective wearable sensors. Biosensors (Basel) 2020 Apr 16;10(4):40 [FREE Full text] [doi:
10.3390/bi0s10040040] [Medline: 32316280]

Kim H, Cheon E, Bai D, Lee YH, Koo B. Stress and heart rate variability: a meta-analysis and review of the literature.
Psychiatry Investig 2018 Mar;15(3):235-245 [FREE Full text] [doi: 10.30773/pi.2017.08.17] [Medline: 29486547]
Mgia-MgjiaE, BudidhaK, Abay TY, May JM, Kyriacou PA. Heart rate variability (HRV) and pulse rate variability (PRV)
for the assessment of autonomic responses. Front Physiol 2020;11:779 [FREE Full text] [doi: 10.3389/fphys.2020.00779]
[Medline: 32792970]

Pinheiro N, Couceiro R, Henriques J, Muehlsteff J, Quintal 1, GoncalvesL, et a. Can PPG be used for HRV analysis? Conf
Proc IEEE Eng Med Biol Soc 2016 Dec;2016:2945-2949. [doi: 10.1109/EMBC.2016.7591347] [Medline: 28268930]
Ghazali DA, Bregue C, Sosner P, Lesbordes M, Chavagnat J, Ragot S, et a. Stressresponse in the daily lives of simulation
repeaters. A randomized controlled trial ng stress evolution over one year of repetitiveimmersive smulations. PLoS
One 2019;14(7):e0220111 [FREE Full text] [doi: 10.1371/journal.pone.0220111] [Medline: 31344077]

Cheng A, Auerbach M, Hunt EA, Chang TP, Pusic M, Nadkarni V, et a. Designing and conducting simulation-based
research. Pediatrics 2014 Jun;133(6):1091-1101. [doi: 10.1542/peds.2013-3267] [Medline: 24819576]

Abbreviations

CPR: cardiopulmonary resuscitation

EMS: emergency medical services

mHealth: mobile health

OHCA: out-of-hospital cardiac arrest

PedAMINES: Pediatric Accurate Medication in Emergency Situations
STAI: State-Trait Anxiety Inventory

VAS: visual analogue scale

Edited by G Eysenbach; submitted 02.07.21; peer-reviewed by A Benis, Y Kim, B Nievas Soriano; comments to author 23.07.21;
revised version received 05.08.21; accepted 08.08.21; published 07.10.21.

Please cite as:

Lacour M, Bloudeau L, Combescure C, Haddad K, Hugon F, Suppan L, Rodieux F, Lovis C, Gervaix A, Ehrler F, Manzano S Sebert
JIN, PedAMINES Prehospital Group

Impact of a Mobile App on Paramedics' Perceived and Physiologic Stress Response During Smulated Prehospital Pediatric
Cardiopulmonary Resuscitation: Sudy Nested Within a Multicenter Randomized Controlled Trial

JMIR Mhealth Uhealth 2021;9(10):e31748

URL: https://mhealth.jmir.org/2021/10/e31748

doi:10.2196/31748

PMID: 34617916

©Matthieu Lacour, Laurie Bloudeau, Christophe Combescure, Kevin Haddad, Florence Hugon, Laurent Suppan, Frédérique
Rodieux, Christian Lovis, Alain Gervaix, Frédéric Ehrler, Sergio Manzano, Johan N Siebert, PedAMINES Prehospital Group.
Originaly published in IMIR mHealth and uHeal th (https://mhealth.jmir.org), 07.10.2021. Thisisan open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in IMIR mHealth and

https://mhealth.jmir.org/2021/10/e31748 JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 10 [e31748 | p.78

RenderX

(page number not for citation purposes)


http://dx.doi.org/10.1111/j.1469-8986.2010.01118.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21361964&dopt=Abstract
https://bmcmededuc.biomedcentral.com/articles/10.1186/1472-6920-14-153
http://dx.doi.org/10.1186/1472-6920-14-153
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25064689&dopt=Abstract
http://dx.doi.org/10.1097/ta.0b013e31821f84be
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22439221&dopt=Abstract
http://dx.doi.org/10.1002/cne.920180503
http://dx.doi.org/10.1093/tbm/iby019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29522140&dopt=Abstract
https://www.mdpi.com/resolver?pii=bios10040040
http://dx.doi.org/10.3390/bios10040040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32316280&dopt=Abstract
http://psychiatryinvestigation.org/journal/view.php?doi=10.30773/pi.2017.08.17
http://dx.doi.org/10.30773/pi.2017.08.17
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29486547&dopt=Abstract
https://doi.org/10.3389/fphys.2020.00779
http://dx.doi.org/10.3389/fphys.2020.00779
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32792970&dopt=Abstract
http://dx.doi.org/10.1109/EMBC.2016.7591347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28268930&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0220111
http://dx.doi.org/10.1371/journal.pone.0220111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31344077&dopt=Abstract
http://dx.doi.org/10.1542/peds.2013-3267
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24819576&dopt=Abstract
https://mhealth.jmir.org/2021/10/e31748
http://dx.doi.org/10.2196/31748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34617916&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Lacour et &

uHealth, is properly cited. The complete bibliographic information, alink to the original publication on https://mhealth.jmir.org/,
aswell asthis copyright and license information must be included.

https:.//mhealth.jmir.org/2021/10/e31748 JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 10 |€31748 | p.79
(page number not for citation purposes)

RenderX


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

JMIR MHEALTH AND UHEALTH Chenetd

Original Paper

Smartphone-Based Artificial Intelligence—Assisted Prediction for
Eyelid Measurements: Algorithm Development and Observational
Validation Study

Hung-Chang Chen™*', MD; Shin-Shi Tzeng**, MD; Yen-Chang Hsiao"*', MD; Ruei-Feng Chen®, MD; Erh-Chien
Hung™?', MD; Oscar K Lee*>", MD, PhD

1Department of Plastic and Reconstructive Surgery, Chang Gung Memoria Hospital, Taoyuan, Taiwan
2College of Medicine, Chang Gung University, Taoyuan, Taiwan

SVendome Plastic Clinic, Tai pei, Taiwan

“4Institute of Clinical Medicine, National Yang Ming Chiao Tung University, Taipei, Taiwan
5Department of Orthopedics, ChinaMedical University Hospital, Taichung, Taiwan

"all authors contributed equally

Corresponding Author:

Oscar K Lee, MD, PhD

Institute of Clinical Medicine

Nationa Yang Ming Chiao Tung University

No 155, Section 2, Li-Nong Street, Beitou District
Taipei, 112

Taiwan

Phone: 886 2 28757391

Email: oscarlee9203@gmail.com

Abstract

Background: Margin reflex distance 1 (MRD1), margin reflex distance 2 (MRD2), and levator muscle function (LF) are crucial
metrics for ptosis eval uation and management. However, manual measurements of MRD1, MRD2, and L F are time-consuming,
subjective, and prone to human error. Smartphone-based artificial intelligence (Al) image processing is a potential solution to
overcome these limitations.

Objective:  We propose the first smartphone-based Al-assisted image processing algorithm for MRD1, MRD2, and LF
measurements.

Methods: This observational study included 822 eyes of 411 volunteers aged over 18 years from August 1, 2020, to April 30,
2021. Six orbital photographs (bilateral primary gaze, up-gaze, and down-gaze) were taken using a smartphone (iPhone 11 Pro
Max). The gold-standard measurements and normalized eye photographs were obtained from these orbital photographs and
compiled using Al-assisted software to create MRD1, MRD2, and LF models.

Results: The Pearson correlation coefficients between the gold-standard measurements and the predicted values obtained with
the MRD1 and MRD2 models were excellent (r=0.91 and 0.88, respectively) and that obtained with the LF model was good
(r=0.73). The intraclass correlation coefficient demonstrated excellent agreement between the gold-standard measurements and
the values predicted by the MRD1 and MRD2 models (0.90 and 0.84, respectively), and substantial agreement with the LF model
(0.69). The mean absolute errors were 0.35 mm, 0.37 mm, and 1.06 mm for the MRD1, MRD2, and LF models, respectively.
The 95% limits of agreement were —0.94 to 0.94 mm for the MRD1 model, —0.92 to 1.03 mm for the MRD2 model, and —0.63
to 2.53 mm for the LF model.

Conclusions; We developed the first smartphone-based Al-assisted image processing algorithm for eyelid measurements.
MRD1, MRD2, and L F measures can be taken in aquick, objective, and convenient manner. Furthermore, by using a smartphone,
the examiner can check these measurements anywhere and at any time, which facilitates data collection.

(JMIR Mhealth Uhealth 2021;9(10):€32444) doi:10.2196/32444
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Introduction

Margin reflex distance 1 (MRD1), margin reflex distance 2
(MRD2), and levator muscle function (LF) are crucia for the
evaluation and management of ptosis, a condition in which the
upper eyelid droops over the eye [1]. MRD1 is defined as the
distance between the upper eyelid margin and the center of the
pupillary light reflex, whereas MRD2 is defined as the distance
between the lower eyelid margin and the center of the pupillary
light reflex. The LF is defined as the distance the upper eyelid
margin moves from down-gaze to up-gaze without any eyebrow
movement. According to a normal MRD1 of 4-5 mm, ptosis
can be classified as mild (MRD1: 3-4 mm), moderate (MRD1:
2-3mm), or severe (MRD1: 0-2 mm).

Manual measurements of MRD1, MRD2, and LF are
time-consuming, subjective, and proneto human error [2]. More
accurate measurements may be determined using a dit-lamp
biomicroscope [3], and several automatic and semiautomatic
photographic analysis techniques have been devel oped to obtain

relatively objective measurements of MRD1 and MRD2 [4-6].
However, in these studies, a standardized environment is
required for taking the photographs. The Volk Eye Check
System measures MRD1 automatically using photographstaken
by an integrated camera; however, this system tends to
overestimate MRDL1 in patients with ptosis [7]. To the best of
our knowledge, there are no automatic photographic analysis
techniques available for LF measurements.

A smartphoneismore portable and convenient than atraditional
photography room and dlit-lamp biomicroscope. Artificial
intelligence (Al), specifically deep learning (also known asdeep
neural network learning), isanew and popular area of research
that yields impressive results and is growing rapidly.
Smartphone-based deep learning image processing isapotential
solution to overcome these limitations for measurements of
MRD1, MRD2, and LF (Figure 1). We developed the first
smartphone-based Al-assisted image processing a gorithm for
MRD1, MRD2, and LF measurements, which was validated in
comparison with gold-standard measurements in an
observational study.

Figure 1. Smartphone-based artificial intelligence—assisted prediction of eyelid measurements. MAIA: medica artificial intelligence assistant (Muen

Biomedical and Optoelectronic Technologist, Inc; Version 1.2.0).
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Methods

Study Design

This observational study included 822 eyes of 411 volunteers
aged over 18 yearswho were referred to aplastic surgery clinic
for blepharoplasty between August 1, 2020, and April 30, 2021.
The study was approved by the institutional review board of
Chang Gung Memorial Hospital. Volunteerswith eyelid defects
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or deformities, history of corneal injury, enophthalmos, and
anophthal mia were excluded.

Photographs and Gold-Standard M easurements
(Actual Values)

A 20x20-mm scale was placed on the nasal dorsum as a
reference. The scale was only necessary for gold-standard
measurements and was not required for deep learning model
training or for determining the accuracy of the model.
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Bilateral orbital photographs of each patient (standing or sitting;
total 6 photographs including bilateral primary gaze, up-gaze,
and down-gaze) were taken using a smartphone (iPhone 11 Pro
Max, with flash and a 1:1 ratio) held at the same level between
the patient’s eyes at a distance of approximately 20-30 cm,
which simulated the distance between the patient and doctor
when the doctor uses a handheld ruler to measure MRD1,
MRD2, and LF in theclinic.

Chen et a

The photographs were magnified on the computer, and MRD1,
MRD2, and LF measurements were taken by two doctors
independently (measured in increments of 0.25 mm). The
doctors drew a horizontal line across the upper eyelid margin,
light reflex, and lower eyelid margin to the 20x20-mm scale to
obtain the MRD1, MRD2, and LF measurements. The mean
value of measurements obtained by the two doctors was taken
asthe gold-standard measurement (actual value), which served
astheinput data for deep learning model training (Figure 2).

Figure 2. Photographs and gold-standard measurements (real values) (A) Six orbital photographs, including bilateral primary gaze, up-gaze, and
down-gaze, were taken by a smartphone. (B) The primary gaze photograph was then magnified for margin reflex distance 1 (MRD1) and MRD2
measurements. (C) The up-gaze and down-gaze photographs were then magnified for levator muscle function (LF) measurements. (D) A 20x20-mm

scale.

A

Usually, in ptotic eyelids without a corneal light reflex, the
distance (in millimeters) that the eyelid must belifted isrecorded
as anegative value, which isthe MRD1. However, the distance
the examiner lifts the eyelid is very subjective and therefore
cannot be used as a gold-standard measurement. Accordingly,
inthisstudy, all MRD1 measurementsin ptotic eyelids without
acornedl light reflex were set to 0.

Photograph Normalization

Segmentation of primary-gaze orbital photographs (a square
region around the light reflex as a center) was automatically
performed by our software algorithm. We used L abelImage [8]
to label the pupil light reflex location (X, Y), and then built a

https://mhealth.jmir.org/2021/10/e32444
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MobilenetV2 [9] model to train aregression model that can find
a pupil light reflex coordinate. Square orbital pictures were
automatically cropped (image size/4) using the light reflex
coordinate extension after determining the light reflex
coordinate. These segmented square photographs were
considered the “ normalized eye photographs,” which were used
as input data for MRD1 and MRD2 deep learning model
training. Segmentations of up- and down-gaze orbital
photographs were automatically merged into one photograph
by our software agorithm. These segmented and merged
photographswere considered the “ normalized eye photographs’
for LF deep learning model training (Figure 3).
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Figure 3. Photograph normalization. (A) Autosegmentation of primary-gaze orbital photographs. These photographs are considered the “normalized
eye photographs’ for margin reflex distance 1 (MRD1) and MRD2 model training. (B) Autosegmentation of up- and down-gaze orbital photographs,
which were then merged into one photograph. These photographs are considered the “normalized eye photographs’ for levator muscle function (LF)

model training.

A

Model Training: Image Analysis by Automatic Deep
L earning Software

The normaized eye photographs and gold-standard
measurements of MRD1, MRD2, and LF were compiled using
medical artificial intelligence assistant (MAIA) software (Muen
Biomedical and Optoelectronic Technologist Inc; Version 1.2.0)
to analyze the image features and classify different situations.
MAIA software automatically optimizes parametersfor training
models, including multiple convolutional neural network (CNN)
models such as SE ResNet and EfficientNet [10,11].

The input data were processed with the following steps: (1)
imageswereresized into 256x256 using abilinear interpolation
method, (2) images were augmented using horizontal flip and
randomly rotated using the albumentations method [12], and
(3) fivefold cross-validation was used to estimate the
performance of the models.
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LF model training

The neural network architecture chooses an optimal network
for memory consumption. We added the dropout function and
applied different data augmentation methods to prevent the
model from overfitting to our dataset [13,14]. The dropout rate
was set from 0.25 to 0.5 for regularization. We then trained the
model using minibatches of size 32, which were sel ected based
on memory consumption [15]. The learning rate was tuned
based on cosine annealing and a one-cycle policy strategy
[16,17]. Using the cosine annealing schedule, the model
repeatedly fits the gradient to thelocal minimum. The network
was trained end-to-end using the Adam op