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Abstract

Background: Mobile health (mHealth)—a method of assisting long-term care in patients with chronic cardiovascular diseases
(CVDs)—isgaining popularity in China, mainly owing to the large number of patients and limited clinical resources. Patients of
different ageshave varying needsfor CV D management. However, evidence regarding how ageinfluences Chinese CVD patients
use and perceptions of mHealth is limited.

Objective: This study aimed to explore age-related differences among Chinese patients with CVD regarding their use and
perceptions of mHealth and to determine the factors that influence this population’s willingness to use mHealth technol ogies.

Methods: We conducted a cross-sectional study of patients with chronic CVDs in atertiary hospital in Beijing using a new
guestionnaire designed by the investigators. Participants were sourced using nonproportional quota-sampling methods, being
recruited consecutively in each sampling category (age 18-49, 50-64, 65-74, and =75 years, with at least 25 men and 25 women
in each age group). The survey consisted of 5 parts, including sociodemographic profile and medical history; current disease
management Situation; self-evaluation of disease management; current usage of mobile and internet technology (1T); and willingness
to use an mHealth solution to perform disease self-management. Responses were compared among the 4 age groups as well as
between patients who were willing to use mHealth solutions and those who were not. Multivariate logistic regression model was
used to identify predictors of willingness to use mHealth for self-management.

Results: Overall, 231 patients (124 men) completed the questionnaire; of these, 53 were aged 18-49 years, 66 were aged 50-64
years, 54 were aged 65-74 years, and 58 were aged =75 years. Patients in the older cohorts visited hospitals more often than did
those in the younger cohorts (P<.001), and they also showed lower technology skills regarding the use of mobile or internet
devices (P<.001) and searched for health-related information on the internet less often (P<.001). In addition, 68.0% (157/231)
of the patients showed interest in using mHeal th solution to manage their disease; of these, 40.8% (64/157) were aged =65 years.
Patients who were more willing to use mHeal th sol ution to manage their diseases were younger (P<.001), more educated (P<.001),
still working (P=.001), possessed higher skill regarding mobile or internet device use (P<.001), and more frequently searched
for health information on the internet (P<.001). Finally, multivariate logistic regression showed that IT skill was the single
indicator (P=.003) of willingness to use mHealth, not age.

Conclusions:  Although age is associated with the use of mobile or internet devices, the sole indicator of mHealth use for
self-management was participants' 1T skills. Education regarding the use of mobile devices and development of easy-to-use
software might improve the acceptance of mHealth solutions among older patient populations.

(JMIR Mhealth Uhealth 2019;7(2):€10117) doi:10.2196/10117
KEYWORDS

age; cardiovascular disease; internet; mHealth; mobile phone; secondary prevention; self-management
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Introduction

Cardiovascular disease (CVD) is a major cause of death and
disability worldwide, and its prevalence is increasing,
particularly in low- and middle-income countries [1].
Approximately 290 million people in China have CVD, and
thisnumber is projected to grow rapidly over the coming decade
[2]. Secondary prevention of CVD is critical for improving
health outcomes and quality of life, as well as for achieving
cost-effective health care [1]; however, for patients with CVD,
the adherence rate to secondary prevention is relatively low.
For example, a meta-analysis of 376,162 patients showed that
the overall adherence to drugs that prevent CVD is just 57%
[3]. The magnitude and impact of poor adherencein developing
countries, like China, are assumed to be even higher given the
paucity of health resources and existing inequities concerning
access to health care [4]. This is important because poor
adherence in chronic patients has been directly correlated with
a greater incidence of recurrent cardiovascular events and
increasesin direct and indirect health care costs[1].

There is considerable international interest in mobile health
(mHealth) as a possible intervention for people with chronic
diseases, including patients with CVD [5]. Previous studies
demonstrated that the application of mHealth technologies
among patients with CVD has significant positive effects on
self-care awareness, confidence regarding disease management,
adherence behavior, and clinical outcomes. In addition, it has
been indicated that mHealth-based self-management programs
might help patients actively control and improve their disease
condition [6]. Studies have shown that adaily automated short
message service text message reminder can effectively increase
medication adherence among patients with acute coronary
syndrome during the early postdischarge period [7,8]. After
using an mHeath system consisting of an automatic
sphygmomanometer, lipid meter, and mobile phone, the
intervention group of acute coronary syndrome survivors showed
lower body mass index and had more patients achieving
treatment goals for blood pressure (BP) and hemoglobin A,
than did the usual care group at 12-month follow-up [9].
Individuals with a parental history of dementia showed better
adherence and decreased BP level after using mobile
phone-assisted technology during a 6-month period [10]. An
mHealth self-monitoring program motivated patients with
hypertension to improve their health management and led to
decreased cigarette smoking, alcohol use, and BP level after 6
months [11]. Thus, mHealth technologies for the secondary
prevention of CVD have the potentia to improve the
psychological condition, medication adherence, clinical
outcome, and finally the lives of patients.

Successin designing mHealth interventions requires an adequate
understanding of the patients’ level of acceptance of the relevant
technologies. Although diagnoses of CVD in younger
populations are becoming more common, the main patient
population remains those aged >65 years. Age at the time of
diagnosis is a meaningful factor for long-term disease
management. Younger patients are typically still working and
may not pay enough attention to their disease, even though they
will live with the disease and treatment for a longer time. On
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the other hand, the elderly take their disease and health more
serioudly but may lack the ability to perform self-management.
Ensuring appropriate intervention designs for an audience of
diverse ages and life stages is important, given these
considerations.

Although many studies have been conducted on the topic of
mHealth in the CVD population, most are in the Western
context. A small number of studies have been conducted among
the population of China, but these have been limited to narrowly
defined interventions [12]. Furthermore, although most studies
consider ageto be ameaningful factor for eval uating acceptance
and willingness, few have considered age-related differences
concerning the use and perceptions in this regard.

Thus, to deepen the understanding of mHealth perceptions and
acceptance, this study aimed to explore the use and perceptions
of mHealth among Chinese patients with CVD using
age-specific cohorts and to examine the factors that may
influence this population’s willingness to use mHealth
technologies.

Methods

Study Design and Sample Strategy

This study was conducted in the Cardiology Department of
Peking University First Hospital (PKU1), which is a tertiary
hospital in the city of Beijing, China. This study was approved
by the Clinical Research Ethical Committee of PKU1. All
respondents provided written informed consent before the study
guestionnaires were distributed.

Recruitment was conducted in 2016 in the Cardiology
Department of PKU1, including both inpatients and outpatients,
following a cross-sectional study design. These participants
were sourced using nonproportional quota-sampling methods.
Patients were recruited consecutively in each sampling category
based on age and gender; the minimum number of sampled
unitsin each category was 25.

The inclusion criteria were as follows: (1) patients aged >18
years; (2) those capable of providing informed consent; (3) those
being inpatients or outpatients of the Cardiology Department;
and (4) those requiring long-term medication therapy because
of hypertension, coronary heart disease, heart failure, or
arrhythmia.

Instrumentation

To evaluate the applicability and perceptions of CVD-related
mHealth, a survey method was used. A paper-and-pencil
guestionnaire was designed that featured multiple types of
response scales with closed-ended questions. The survey was
divided into 5 parts as follows: (1) sociodemographic profile
and medica history; (2) current situation of disease
management; (3) self-evaluation for disease management; (4)
current usage of mobile and internet technology (I1T); and (5)
willingnessto use atel ehealth solution with a self-management
system. The full questionnaire, with measurement responses,
isdisplayed in Multimedia Appendix 1.

We developed the questionnaire based on a review of related
studies [12,13], which was then evaluated by 3 cardiologists
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and 3 cardiology nurses. Next, the questionnaire was pretested
in 10 patients, and minor adjustments were made depending on
their responses.

Data Collection

Data were collected during the interviews with patients, which
were conducted by several research nurses, using a case record
form. All research nurses were trained by one of the authorsto
ensure they understood the questionnaire equally. A nurse
reviewed the questionnaire immediately after a patient had
finished it to confirm the completeness of the questionnaire.

Two peoplewith experiencein dataentry independently entered
all case record form data into separate EpiData (Version 3.1,
EpiData Software, Odense, Denmark) databases. The 2
databases were compared, and discrepancies were resolved by
checking the original questionnaire.

Statistical Analysis

We used descriptive statistics and chi-sgquare statisticsto present
the sociodemographic and CVD characteristics. Freguencies
and percentages were evaluated for categorical variables, and
means and SD were determined for continuous variables. For
missing data, no imputation was performed during the analysis,
and the actual percentages were used for describing categorical
variables. In this study, age was stratified into 4 groups as
follows: 18-49 years; 50-64 years; 65-75 years, and =75 years.
In addition, 4 groups of questions were used to create a
combined score to illustrate the overall impression on the
responsesfor each group. “ Frequency of visiting hospitals’ was
acombined score of “frequency of visiting hospital clinic” and
“frequency of visiting community clinic”; “self-management
at home” was a combined score of “frequency of measuring
blood pressure at home,” “recording blood pressure at home,”
“using pill box a home” and “using wearable devices as
self-management at home”; “ self-management confidence” was
a combined score of “capable of controlling one's health
condition,” “managing one’'s health behavior,” “ care for oneself
at home,” and “have adequate knowledge to be able to care for
oneself”; finally, “IT skill” score was created from the score
for using smartphone, tablet, and personal computer (PC), as
well as the capability to use Wi-Fi and install apps. For each
guestion included in the combined scores, a score of 1-5 was
given to each of the original responses. If there were 5 stage
responses, they were given a 1-5 sequentially; for example,
Never=1, 1-3 per year=2, 1-3 per month=3, 1-3 per week=4,
and Everyday=5. If there were binary responses, a1 was given
to no responses, while a5 was given to yes responses. The sum
of the scores for each question formed the combined results.

Chi-sguare statistics and analysis of variance were performed
to test whether there were associations of agewith (1) the current
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situation of disease management, (2) self-evaluation of disease
self-management, and (3) current usage of maobile or IT
technology as well as to examine the associations between the
willingness to apply mHealth solutions and other variables. In
addition, a multivariate logistic regression anaysis was
performed to identify the indicators of the willingness to use
mHealth to manage CVD. Gender and variables with P<.10
were included in the regression analysis. We regarded P<.05
as dtatistically significant. All analyses were conducted using
RStudio (Version 0.99.903, 2009-2016 RStudio, Inc)

Results

Sociodemographic and Medical History

Overall, 231 patients with CVD were recruited and completed
the survey. The patients' sociodemographic and main medical
history are summarized in Table 1. Mean body massindex was

26.7 (SD 4.6) kg/m?, which was similar acrossthe 4 age groups.
Almost half (103/229, 45.0%) of the patients had a university
or master’sdegree, and the education level significantly differed
within the 4 age groups (P<.001), with 73.1% (38/53) of patients
inthe 18-49 yearsgroup having auniversity or master’sdegree,
while this percentage was only 32%-44% in other groups.
Meanwhile, 64.5% (147/228) of patientswereretired, including
all but 1 patient in the group over 64 years and 56.2% (36/66)
of participants in the 50-64 years age group. Only 10.4%
(24/230) of participantswereliving outside of Beijing, and these
were mostly younger patients (10/53, 18.9%, and 11/66, 16.7%,
in the 18-49 and 50-64 years age groups, respectively). More
than half of the patients (157/229, 68.6%) reported that they
lived with their spouse. Almost half of the patients (131/231,
56.7%) were diagnosed with coronary artery diseases, mostly
in the 3 older groups. Only 32.1% (17/53) of patients in the
18-49 years group had coronary artery diseases. Meanwhile,
the percentage or hypertensionin thisyounger group was 69.8%
(37/53), which was higher than the average (120/231, 51.9%).

Current Usage of Mobile and I nternet Technologies

Overall, 67.4% (155/230) of participants reported that they used
smartphone every day, while almost half had never used atabl et
(52.2%, 119/228) or PC (48.0%, 109/227). Meanwhile, 69.9%
(160/229) reported that they were ableto connect to Wi-Fi using
their smartphone or tablet. However, 60.5% (138/228) reported
that they did not know how to install a new app on their
smartphones or tablets. Table 2 displays patients’ current usage
conditions of mobile or IT and its association with age. The
older cohort used smartphones, tablets, and PCslessfrequently
than did the younger cohort (P<.001). Similarly, a smaller
proportion of older patients were able to connect to Wi-Fi and
install apps (P<.001).
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Table 1. Sociodemographic and medical history of patients by age.

Characteristics Total (N=231), n (%) Age strtification in years, n (%) Chi-sguare test

18-49(n=53) 50-64(n=66) 65-74(n=54) =75 (N=58) x2 (df®) P value

Gender, n (%) 12(3) .76
Male 124 (53.7) 28 (52.8) 39 (59.1) 28 (51.9) 29 (50.0)
Female 107 (46.3) 25(47.2) 27 (40.9) 26 (48.1) 29 (50.0)
Body massindex stratification in kg/mz, n (%) 46(3) 21
<24 61(27.2) 13(26.5) 12 (18.5) 16 (30.2) 20(35.1)
=24 163 (72.8) 36 (73.5) 53 (81.5) 37(69.8) 37 (64.9)
Education level, n (%) 259(6) <.001
Primary or junior 67 (29.3) 9(17.3) 20(30.3) 19 (35.2) 19 (33.3)
Senior 59 (25.8) 5(9.6) 25(37.9) 16 (29.6) 13(22.8)
University or postgraduate 103 (45.0) 38(73.1) 21(31.8) 19 (35.2) 25 (43.9)
Employment status, n (%) 153.2(6) <.001
Retired 147 (64.5) 1(1.9) 36 (56.2) 52 (98.1) 58 (100.0)
Part time 21(9.2) 11 (20.8) 9(14.1) 1(19) 0(0.0)
Full time 60 (26.3) 41 (77.4) 19 (29.7) 0(0.0) 0(0.0)
Home location, n (%) 14.0(3) .003
Beijing 206 (89.6) 43(81.1) 55 (83.3) 52 (96.3) 56 (98.2)
Outside of Beijing 24(10.4) 10 (18.9) 11(16.7) 2(3.7) 1(1.8)
Living status, n (%) 7.0(6) .32
Alone 14 (6.1) 3(5.9) 1(15) 5(9.3) 5(8.6)
Only with spouse 157 (68.6) 35 (68.6) 52 (78.8) 35 (64.8) 35(60.3)
With children 58 (25.3) 13 (25.5) 13(19.7) 14 (25.9) 18 (31.0)
Enrollment location 321(3) <.001
Outpatient 145(61.7) 37(69.8) 20(29.9) 16(28.6) 17(28.8)
Inpatient 90(38.3) 16(30.2) 47(70.1) 40(71.4) 42(71.2)
Medical history
Coronary heart disease, n (%) 250(3) <.001
No 100 (43.3) 36 (67.9) 22(33.3) 13 (24.1) 29 (50.0)
Yes 131 (56.7) 17 (32.1) 44.(66.7) 41 (75.9) 29 (50.0)
Hypertension, n (%) 12.7(3) .005
No 111 (48.1) 16 (30.2) 37 (56.1) 33(61.1) 25 (43.1)
Yes 120 (51.9) 37(69.8) 29 (43.9) 21(38.9) 33(56.9)
Arrhythmia, n (%) 108(3) .01
No 169 (73.2) 44.(83.0) 53 (80.3) 38 (70.4) 34(58.6)
Yes 62 (26.8) 9(17.0) 13 (19.7) 16 (29.6) 24 (41.4)
Heart failure, n (%) 59(3) 12
No 212 (91.8) 47 (88.7) 64 (97.0) 51 (94.4) 50 (86.2)
Yes 19(8.2) 6(11.3) 2(3.0) 3(5.6) 8(13.8)
Diabetes, n (%) 52(3) .16
No 189 (81.8) 40 (75.5) 51(77.3)  46(85.2) 52 (89.7)
Yes 42 (18.2) 13 (24.5) 15 (22.7) 8(14.8) 6 (10.3)
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Characteristics Total (N=231), n (%) Age stratification in years, n (%) Chi-square test
1849 (n=53) 50-64(n=66) 65-74(n=54) >75(n=58) X>(df¥) Pvaue
Hyperlipidemia, n (%) 4.3 (3) .23
No 156 (67.5) 33(62.3)  40(60.6)  40(741)  43(74.1)
Yes 75 (32.5) 20 (37.7) 26 (39.4) 14 (25.9) 15 (25.9)
Cerebrovascular disease, n (%) 34(3) .34
No 214 (92.6) 52 (98.1) 61(924)  49(90.7) 52 (89.7)
Yes 17 (7.4) 1(1.9) 5(7.6) 5(9.3) 6(10.3)
Peripheral vascular disease, n (%) 29(3) 41
No 211 (91.3) 51(96.2)  58(87.9)  50(92.6)  52(89.7)
Yes 20 (8.7) 2(3.8) 8(12.1) 4(7.4) 6(10.3)

84f: degrees of freedom.

Current Disease M anagement

The frequency of searching for health information using the
internet was found to be significantly correlated with age
(P<.001); approximately 52.8% (94/178) of patients aged >50
years never searched the health information on the internet,
while this percentage was only 11.3% (6/53) of the youngest
group. Meanwhile, 78.9% (179/227) of patients reported that
they were familiar with the medication they were taking. The
frequency of visiting hospital clinics showed a significant
difference across the 4 age groups (P=.004); >66.1% (74/112)
of patients aged >65 years visited hospitals monthly. Although
it seemsthat more patients aged =75 years used apill box, there
was ho statistically significant difference among groupsin this
regard. In addition, the combined score for self-management at
home had no significant correlation with age (P=.28). The
participants’ situation regarding disease management in terms
of ageisdisplayed in Table 3.

Self-Evaluation of Disease M anagement

Most patients reported being capable of controlling their health
conditions (146/223, 65.5%), managing their health behaviors
(150/222, 67.6%), and caring for themselves at home (175/221,
79.2%), but only 57.0% (126/221) believed that they had
adequate knowledge to be able to care for themselves. In
addition, the combined score of “self-management confidence’
had no significant association with age (P=.60). Although no
significant associations between self-evaluation of disease
management and age were found, numerically patients aged
<50 yearsand =75 yearswere less confident in their knowledge

https://mhealth.jmir.org/2019/2/€10117/

of their disease. Table 4 displays the self-evaluation of disease
management and its association with age concerning our
respondents.

Willingnessto Use an mHealth Solution With a
Sdf-Management System

Overall, 68.0% (157/231) of the participants were willing to
use mHealth technol ogiesto managetheir CVD, of which 63.2%
(86/136) felt that it might benefit them and 26.5% (36/136)
patients reported just wanting to try it. Of the 32.0% (74/231)
who reported that they were not interested in an mHealth
solution, the major reasons were that they were unable to use
the devices (64.4%, 47/73) and that the devices were too
complicated for them (16.4%, 12/73). Participantswere divided
into 2 groups according to their willingness to use mHealth
technologies. Patientsin the younger cohort, who had a higher
education level, who were still working, and had higher I T skills,
had a higher frequency of internet searching, had the habit of
self-management at home, and showed moreinterestin mHealth
solution. The associations between willingness and other
variables are shown in Table 5.

Multivariate logistic regression showed that athough the
willingness to use an mHealth solution varied among different
age groups, this difference vanished after performing the
multivariate logistic regression. Consequently, the IT skill was
determined to be the only independent indicator for the
willingness to use an mHealth solutions (P=.02). Results of
multivariate logistic regression analysisare summarized in Table
6.
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Table 2. Current usage of mobile or internet technology (IT) among patients and its association with age.

Characteristics Total (N=231), n (%) Age strtification in years, n (%) Chi-sguare test

18-49(n=53) 50-64(n=66) 65-74(n=54) >75(n=58) X>(df) Pvaue

Smartphone, n (%) 57.0(12) <.001
Never 55 (23.9) 2(38) 8(12.1) 19(35.2)  26(44.8)
1-3 per year 3(L3) 0(0.0) 2(3.0) 0(0.0) 1(L7)
1-3 per month 5(2.2) 0(0.0) 2(3.0) 237 1(17)
1-3 per week 12(5.2) 1(19) 0(0.0) 4(7.4) 7(12.1)
Everyday 155 (67.4) 49(942) 54(81.8)  29(53.7)  23(39.7)
Tablet, n (%) 46.0(12) <.001
Never 119 (52.2) 10 (18.9) 37 (56.9) 32 (60.4) 40(70.2)
1-3 per year 6(2.6) 3(5.7) 0(0.0) 0(0.0) 3(5.3)
1-3 per month 10 (4.4) 7(13.2) 1(15) 1(1.9) 1(1.8)
1-3 per week 29 (12.7) 12 (22.6) 8(12.3) 6(11.3) 3(5.3)
Everyday 64 (28.1) 21(39.6) 19(29.2) 14 (26.4) 10 (17.5)
Per sonal computer, n (%) 452 (12) <.001
Never 109 (48.0) 10 (18.9) 27 (41.5) 34 (65.4) 38(66.7)
1-3 per year 10 (4.4) 3(5.7) 3(4.6) 2(3.8) 2(35)
1-3 per month 8(3.5) 2(3.8) 1(15) 3(5.8) 2(3.5)
1-3 per week 20 (8.8) 3(5.7) 9(13.8) 4(7.7) 4(7.0)
Everyday 80(35.2) 35 (66.0) 25 (38.5) 9(17.3) 11 (19.3)
Ableto connect to Wi-Fi, n (%) 250(3) <.001
No 69 (30.1) 5(9.4) 15 (22.7) 20 (38.5) 29 (50.0)
Yes 160 (69.9) 48 (90.6) 51(77.3) 32 (61.5) 29 (50.0)
Abletoinstall apps, n (%) 60.8(3) <.001
No 138 (60.5) 10 (18.9) 39 (59.1) 39 (75.0) 50 (87.7)
Yes 90 (39.5) 43(81.1)  27(40.9)  13(25.0)  7(123)
IT skills? (score), mean (SD) 15.57 (7.16) 21.23(484) 1663(638) 1312(639) 11.30(678) 775(3° <.001°

84f: degrees of freedom.
b«| T skills” was a combined result of the 5 guestionsin this part.
®The result was obtained using analysis of variance.
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Table 3. Current situation of disease management by age.

Jang et d

Characteristics Total (N=231), n (%) Age stratificationin years, n (%) Chi-sguare test
18-49(n=53) 50-64(n=66) 65-74(n=54) =75 (n=58) X2 i) P value
Freguency of using theinternet to find information about disease or treatment, n (%) 432(9) <.001
Never 100 (43.5) 6(11.3) 26 (40.0) 30 (55.6) 38 (65.5)
Rarely 27 (11.7) 7(13.2) 10 (15.4) 7(13.0) 3(5.2)
Sometimes 49 (21.3) 18 (34.0) 11 (16.9) 9(16.7) 11 (19.0)
Often 54 (23.5) 22 (415) 18 (27.7) 8(14.8) 6(10.3)
Know your medications, n (%) 6.9 (3) .08
No 48 (21.1) 9(17.3) 21(32.3) 8 (15.4) 10 (17.2)
Yes 179 (78.9) 43(82.7) 44.(67.7) 44 (84.6) 48 (82.8)
Frequency of visiting hospital clinic, n (%) 279(12) .004
Never 31(13.6) 8 (15.4) 15 (22.7) 6(11.3) 2(3.5)
Once per year 29 (12.7) 9(17.3) 11(16.7) 6(11.3) 3(5.3)
1-2 per half of year 42 (18.4) 15(28.8)  8(12.1) 7(13.2) 12 (21.1)
1-2 per month 120 (52.6) 20 (38.5) 31(47.0) 33(62.3) 36 (63.2)
Weekly 6(2.6) 0(0.0) 1(15) 1(1.9) 4(7.0)
Freguency of visiting community clinic, n (%) 18.1(12) .11
Never 97 (42.5) 29 (54.7) 31(47.7) 16 (30.2) 21(36.8)
Once per year 20 (8.8) 5(9.4) 5(7.7) 3(5.7) 7(12.3)
1-2 per half of year 34(14.9) 8(15.1) 10(154)  7(13.2) 9(15.8)
1-2 per month 72 (31.6) 11 (20.8) 19 (29.2) 25 (47.2) 17 (29.8)
Weekly 5(2.2) 0(0.0) 0(0.0) 2(3.8) 3(5.3)
Frequency of taking lab test, n (%) 18.1(12) .11
Never 26 (11.4) 9(17.3) 11 (16.7) 4(7.5) 2(34)
Once per year 63 (27.5) 16 (30.8) 20(30.3) 11 (20.8) 16 (27.6)
1-2 per half of year 90 (39.3) 18 (34.6) 26 (39.4) 20 (37.7) 26 (44.8)
1-2 per month 45(19.7) 9(17.3) 7 (10.6) 17 (32.1) 12(20.7)
Weekly 5(2.2) 0(0.0) 2(3.0) 1(1.9) 2(3.4)
Freguency of measuring blood pressure at home, n (%) 16.1(12) .19
Never 40 (17.3) 8(15.1) 15(22.7) 12(22.2) 5(8.6)
1-3 per year 16 (6.9) 5(9.4) 5(7.6) 5(9.3) 1(L7)
1-3 per month 49 (21.2) 14 (26.4) 15 (22.7) 7(13.0) 13 (22.4)
1-3 per week 57 (24.7) 15 (28.3) 12 (18.2) 15 (27.8) 15 (25.9)
Everyday 69 (29.9) 11 (20.8) 19 (28.8) 15 (27.8) 24 (41.4)
Did you record your blood pressure at home, n (%) 6.5(3) .09
No 138 (60.3) 28 (53.8) 42 (63.6) 39(72.2) 29 (50.9)
Yes 91(39.7) 24.(46.2) 24(36.4) 15 (27.8) 28 (49.1)
Did you use pill box at home, n (%) 353 32
No 91 (39.6) 23 (43.4) 29 (43.9) 22 (41.5) 17 (29.3)
Yes 139 (60.4) 30 (56.6) 37 (56.1) 31(58.5) 41 (70.7)
Did you use wearables, n (%) 35(3) 32
No 198 (88.4) 42 (82.4) 58 (87.9) 48 (94.1) 50 (89.3)
Yes 26 (11.6) 9(17.6) 8(12.1) 3(5.9) 6 (10.7)
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Characteristics Total (N=231), n (%) Age stratification in years, n (%) Chi-square test
18-49(n=53) 50-64(n=66) 65-74(n=54) =75 (n=58) X2 (df®) P value

Freguency of visiting hospital (score)b, 5.58 (1.93) 494(1.82) 512(1.98) 6.17(1.89) 6.14(1.70) 172 (3)° <.001°
mean (SD)

Self-management at home (score)®, mean  10.88 (4.17) 11.10(443) 1041(398) 10.00(4.25) 1205(390) 12(3° .2g°
(SD)

84f: degrees of freedom.
b"Frequency of visiting hospital" is a combined result of "Frequency of visiting hospital clinic" and "Fregquency of visiting community clinic".
®The result was obtained using analysis of variance.

d"Self-management at home" was a combined result of "Frequency of measuring blood pressure at home", "Did you record your blood pressure at
home", "Did you use pill box a home", and "Did you use wearables'.

Table 4. Self-evaluation of disease management by age.
Characteristics Total (N=231), n (%) Age stratification in years, n (%) Chi-square test

18-49(n=53) 50-64(n=66) 65-74(n=54) =75 (N=58) X2 (df®) P value

Can control your health condition, n (%) 52(12) .95
Disagree Strongly 2(0.9) 1(2.0) 0(0.0) 0(0.0) 1(1.7)
Disagree 27 (12.1) 5(9.8) 8(12.7) 6(11.8) 8(13.8)
Neutral 48 (21.5) 11 (21.6) 13 (20.6) 11 (21.6) 13 (22.4)
Agree 122 (54.7) 28 (54.9) 33 (52.4) 28 (54.9) 33(56.9)
Agree Strongly 24 (10.8) 6(11.8) 9(14.3) 6(11.8) 3(.2)
Can manage your health behaviors, n (%) 94(12) .67
Disagree Strongly 3(149) 1(2.0) 1(1.6) 0(0.0) 1(1.8)
Disagree 28 (12.6) 10 (19.6) 6 (9.4) 4(8.0) 8 (14.0)
Neutral 41 (18.5) 7(13.7) 13(20.3) 8(16.0) 13(22.8)
Agree 121 (54.5) 28 (54.9) 32 (50.0) 32 (64.0) 29 (50.9)
Agree Strongly 29(13.1) 5(9.8) 12 (18.8) 6 (12.0) 6 (10.5)
Can carefor yourself at home, n (%) 13.2(12) .35
Disagree Strongly 2(0.9) 1(2.0) 0(0.0) 0(0.0) 1(1.7)
Disagree 12 (5.4) 3(5.9) 2(32) 2(4.1) 5(8.6)
Neutral 32(14.5) 8(15.7) 7(11.1) 4(8.2) 13 (22.4)
Agree 141 (63.8) 31(60.8) 43 (68.3) 32 (65.3) 35(60.3)
Agree Strongly 34 (15.4) 8(15.7) 11 (17.5) 11 (22.4) 4(6.9)
Have enough health knowledge to be able to care for yourself, n (%) 19.4(12) .08
Disagree Strongly 5(2.3) 1(2.0) 0(0.0) 0(0.0) 4(7.0)
Disagree 33(14.9) 10 (19.6) 7(11.3) 7(13.7) 9(15.8)
Neutral 57 (25.8) 15 (29.4) 18 (29.0) 8(15.7) 16 (28.1)
Agree 105 (47.5) 24.(47.1) 28(45.2) 30 (58.8) 23 (40.4)
Agree Strongly 21 (9.5) 1(2.0) 9(14.5) 6(11.8) 5(8.8)
Confidence in self-management (score)?, 1461 (2.90) 14.25(308) 1502(260) 1522(253) 1396(321) 03(3° 60°
mean (SD)

84f: degrees of freedom.
bConfidence in self-management is a combined result for the 4 questionsin this part.
®The result was obtained using analysis of variance.
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Table 5. Willingness of participants to use mobile health (mHealth) technol ogies to manage their cardiovascular diseases.

Characteristics Total (N=231), n (%) Willingness to use mHealth, n (%) Chi-square test
Interest (n=157) No interest (n=74) X2 (df®) P value
Agein years, mean (SD) 61.07 (15.62) 58.29 (16.19) 66.99 (12.51) 16.7 (3)b <.001”
Age stratification in years, n (%) 13.8(1) .003
18-49 53(22.9) 45 (28.7) 8(10.8)
50-64 66 (28.6) 48 (30.6) 18 (24.3)
65-74 54 (23.4) 30 (19.1) 24 (32.4)
275 58 (25.1) 34(21.7) 24 (32.4)
Gender, n (%) 0.1(2) .73
Male 124 (53.7) 86 (54.8) 38 (51.4)
Female 107 (46.3) 71 (45.2) 36 (48.6)
Body massindex stratification in kg/m2 ,n (%) 0.00(2) 96
<24 61(27.2) 41 (26.8) 20(28.2)
>24 163 (72.8) 112 (73.2) 51 (71.8)
Education level, n (%) 24.4(2) <.001
Primary or junior 67 (29.3) 32(20.5) 35 (47.9)
Senior 59 (25.8) 38 (24.4) 21(28.8)
University or postgraduate 103 (45.0) 86 (55.1) 17 (23.3)
Employment status, n (%) 13.1(2) .001
Retired 147 (64.5) 90 (58.1) 57 (78.1)
Part time 21(9.2) 13(8.4) 8(11.0)
Full time 60 (26.3) 52 (33.5) 8 (11.0)
Home location, n (%) 0.00 () >.99
Beijing 206 (89.6) 141 (89.8) 65 (89.0)
Outside of Beijing 24 (10.4) 16 (10.2) 8(11.0)
Living status, n (%) 4.1(2) A3
Alone 14 (6.1) 10 (6.5) 4(5.4)
Only with spouse 157 (68.6) 112 (72.3) 45 (60.8)
With children 58 (25.3) 33(21.3) 25(33.8)
Enrollment location 11.9(1) <.001
Outpatient 87 (37.7) 71(45.2) 16 (21.6)
Inpatient 144 (62.3) 86 (54.8) 58 (78.4)
Freguency of using theinternet to find information about disease or treatment, n (%) 36.1(3) <.001
Never 100 (43.5) 48 (30.8) 52 (70.3)
Rarely 27 (11.7) 18 (11.5) 9(12.2)
Sometimes 49 (21.3) 43 (27.6) 6(8.1)
Often 54 (23.5) 47 (30.1) 7(9.5)
Did you know the medications you took well, n (%) 0.09 (1) 77
No 48 (21.1) 31(20.3) 17 (23.0)
Yes 179 (78.9) 122 (79.7) 57 (77.0)
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Characteristics Total (N=231), n (%) Willingness to use mHealth, n (%) Chi-square test
Interest (n=157) No interest (n=74) X2 (df?) P value
Frequency of taking lab test, n (%) 6.1(4) 19
Never 26 (11.4) 18 (11.5) 8 (11.0)
Once per year 63 (27.5) 44 (28.2) 19 (26.0)
1-2 per half of year 90 (39.3) 60 (38.5) 30(41.1)
1-2 per month 45 (19.7) 33(21.2) 12 (16.4)
Weekly 5(2.2) 1(0.6) 4(5.5)
Frequency of visiting hospital (score), mean  5.58 (1.93) 5.60 (1.88) 5.52 (2.03) 0.09 (1)b 77
(SD)
Self-management at home (score), mean (SD)  10.88 (4.17) 11.24 (4.30) 10.09 (3.80) 3.7 (1)b .05°
Confidencein self-management (score), mean 14.61 (2.90) 14.80 (2.77) 14.22 (3.13) 19 (1)b 17°
(SD)
Internet technology skills (score), mean (SD)  15.57 (7.16) 17.88 (6.37) 10.68 (6.24) 63.2 (1)b <.001°

84f: degrees of freedom.
bThe result was obtained usi ng analysis of variance.

Table 6. Multivariate logistic regression concerning the willingness to use mobile health (mHealth) solutions.

Independent variables Willingness to use mHealth P value
Coefficient ~ Oddsratio (95% Cl)

Age -0.02 0.98 (0.94-1.02) .35
Gender -0.16 0.85(0.42-1.73) .65
Education level 0.18 1.12 (0.81-1.77) .38
Employment status -0.40 0.67 (0.34-1.34) .26
Enrollment location -0.63 0.53 (0.24-1.20) A3
Internet technology skills 0.11 1.12 (1.03-1.21) .006
Frequency of using the internet to search for health-related information 0.25 1.29 (0.87-1.90) .20
Self-management at home 0.02 1.02 (0.94-1.11) .65

Discussion

Principal Findings

The main findings of this study are that older patients visit
hospitals more frequently than younger patients, but their
frequency of searching for health-related information through
the internet is lower. Older cohorts use mobile or IT less
frequently and show lower technology skills than younger
cohorts. More than half of the patients in the sample aged >65
years areinterested in using mHealth solutions to manage their
disease. Most significantly, experience in mobile technology
use, not age, is the main indicator of the willingness to use
mHealth.

Older patients visiting hospital more frequently showed that
they have a higher motivation to manage their disease than
younger patients. However, regarding their ability to manage
their disease, the elderly less frequently searched for
health-related information on theinternet. Similar to thefindings
of this study, previous studies have shown that men in the older
cohort (age >65 years) used the internet less frequently than

https://mhealth.jmir.org/2019/2/€10117/
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younger men and also felt less comfortable using the internet
[13]; meanwhile, younger patients (age <44 years) reportedly
have more positive attitudes toward using mHealth apps for
medication adherence than older participants[14]. However, in
our research, we found that approximately 30% of our
respondents aged >65 years used the internet to obtain
health-related information. If a better solution for actively
sending useful information to patients is developed, this may
help the elderly obtain information more conveniently and
improve their self-management capabilities.

As mentioned, older cohorts used the mobile or IT less
frequently and showed lower technology skills than younger
cohorts. These are not surprising findings. Importantly, however,
alarge proportion of patients used a smartphone almost every
day; even in patients aged >75 years, this proportion is nearly
40%. Considering the large proportion of elderly with CVD in
the population, thereis huge potential for the use of smartphone
apps in the self-management of CVD.

Previous studi es showed that educated and younger individuals
are more likely to download or use mHealth tools [12,13]. In
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our study, we found that the difference between older and
younger patients regarding the willingness to use mHealth is
based on their mobile technology proficiency, not their age.
Morethan half of the patients aged >65 years showed an interest
in using an mHealth solution. Meanwhile, patients who were
unwilling to use an mHealth solution reported that this mainly
related to difficulties in using IT. This is consistent with the
results of previous studies that older individuals are interested
in mHealth but have concerns regarding their ability to use the
devices [15]. Another study also indicated that clinical staff
worried that mHealth devices might be too complicated for
patients to use [16]. Therefore, it is essential to make mHealth
tools easier-to-use and train elderly patients in technology-
related skills, which might promote their willingness to use
mHealth solutions.

Limitations

The study has severa limitations. First, enrolled participants
were sourced from a single tertiary hospital in Beijing, which
compromises the generalizability of our results. Second, the
limited sample size might constrain the power of statistical

Jang et d

analysis. Third, based on the cross-sectional design of the study,
we can only conclude that there is a significant correlation
between IT skills and the willingness to use mHealth solution
and cannot draw any conclusions regarding causality. Fourth,
this study is based on a self-report survey of questionnaires.
Using a newly designed questionnaire, even if pretested on a
sample of 10 patients, does not bear the same weight as a
validated questionnairein prior studies. Thus, further validation
of the instrument may be needed. Another limitation to note is
that our items focused on the individuals' “willingness’ to use
mHealth, so we were examining their intent to use the
technology rather than their actual use of it.

Conclusions

Although age is associated with the use of mobile or internet
devicesinthe univariate analysesin this study, the soleindicator
that weidentified for mHealth use for self-management wasthe
participants’ IT skills. Education on the skills of using mobile
devicesand theinvention of easy-to-use software might improve
the acceptance of mHealth solutions among older patient
populations.
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Abstract

Background: Currently, there are no binding requirements for manufacturers prescribing which information must be included
in the app descriptions of health apps.

Objective: The aim of this study was to investigate how medical students perceive a selection of quality principles, intended
for usage decisionsin the app context, and establish whether the information presented in a sampl e of app descriptionsis perceived
as sufficient for facilitating an informed usage decision.

Methods: A total of 123 students (mean age 24.2 years, SD 3.4) participating in a 6-week teaching module covering cardiology
and pulmonology at the University of Géttingen (original enrollment 152 students, response rate 80.9%) wereincluded. Students
were asked to read 3 store description texts of cardiological or pneumological apps and initially assess whether the descriptions
sufficed for a usage decision. Subsequently, they were queried on their perception of the relevance of 9 predefined quality
principles, formulated for usage decisions. An appraisal of whether the app description texts contained sufficient information to
satisfy these quality principles followed. By means of 20 guiding questions, participants were then asked to identify relevant
information (or a lack thereof) within the descriptions. A reassessment of whether the description texts sufficed for making a
usage decision ensued. A total of 343 compl ete datasets were obtained.

Results: A magjority of the quality principles were described as “very important” and “important” for making a usage decision.
When accessed via the predefined principles, students felt unable to identify sufficient information within the app descriptions
in 68.81% (2124/3087) of cases. Notably, information regarding undesired effects (91.8%, 315/343), ethical soundness (90.1%,
309/343), measures taken to avert risks (89.2%, 306/343), conflicts of interest (88.3%, 303/343), and the location of data storage
(87.8%, 301/343) was lacking. Following participants engagement with the quality principles, statistically significant changes
in their assessment of whether the app descriptions sufficed for a usage decision can be seen—McNemar-Bowker test
(3)=45.803919, P<.001, Cohen g=.295. In 34.1% (117/343) cases, the assessment was revised. About 3 quarters of changed
assessments were seen more critically (76.9%, 90/117). Although, initially, 70% (240/343) had been considered “ sufficient,” this
rate was reduced to 54.2% (186/343) in the second assessment.

Conclusions: In a considerable number of app descriptions, participants were unable to locate the information necessary for
making an informed usage decision. Participants' sensitization to the quality principles|ed to changesin their assessment of app
descriptions as atool for usage decisions. Better transparency in app descriptions released by manufacturers and the exposure of
users to quality principles could collectively form the basis for well-founded usage decisions.
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Introduction

Background

The market for health apps, that is, health-related apps running
on mobile devices such as smartphones and tablet computers,
is highly liberal and poorly regulated. This not only facilitates
the creation of software, resulting in a large supply but also
immensely influences user accessand app usage. Inthisclimate,
we observe aflood of health apps, market dynamicstypical for
apps, and an associated lack of commitment to quality control
[1]. From a government perspective, comprehensive
(cross-border) monitoring of the market proves amost
impossible [2,3]. Other entities (existing and emerging private
and scientific testing or certification initiatives) [4-13] have yet
to prove their efficiency and suitability for mapping the market
[14]. The ultimate responsibility for deciding to utilize mobile
appsrestswith the usersand cannot be transferred. In the context
of health, this has even further-reaching implications than in
other areas. Here, appsare used by laypersonsaswell asmedical
professionalsin a highly sensitive environment. Apps, and the
technology used to run them, are designed to be fully integrated
into the user's everyday life. This aspect offers the greatest
possible user comfort in both private and professional settings.
Despite this unique advantage, it isimportant to recognize and
respect certain legal boundaries, particularly addressing laws
concerning medical practitioners [15]. These boundaries exist
to protect both doctors and their patients and apply to using or
recommending apps. In Germany, for example, laws cover
confidentiality, advertising regulation, and the patient'sfreedom
of choice concerning methodsin diagnostics and therapy, given
that these are appropriate and correspond to the current state of
technological and scientific progress. These factors must be
guaranteed by the medical staff as guarantors for their patients
[16]. If applicable, rules are not followed, leading to damage
infliction, and this is facilitated by a recommended or utilized
app, medical staff involved can be held liable [16,17].
Consequently, doctors and other health professionals must
(ethically and legaly) inform themselves, undertaking a
case-by-case risk-benefit assessment before recommending, or
themselves deciding to use health-related apps. At the outset,
similar to users with other backgrounds, medical professionals
will likely—at least initially—rely on App Store description
texts when selecting an app. Other information or test results
and quality seals and the like are not often readily and reliably
available [14] without (greater and time-consuming) research
effort, or their reliability may be questionabl e because of various
reasons. For this to be effective, it is imperative that
manufacturers provide transparent information about their apps.
Such transparency can serve as a reasonable basis for usage
decisions. Thus, high-quality and trustworthy software has a
better chance of asserting itself, and the self-regulatory capacity
of the market can be supported [18].

http://mhealth.jmir.org/2019/2/€13375/

Ideally, decisions for or against the use of an app are made by
the interested parties who know their individual requirements
best [19] and base their decisions on comprehensive information
from multiple sources. A wide variety of tools and guidelines
have been and are being devel oped on the basis of thisprinciple
[6,20-32], al of which share the common goal of supporting
users in the decision process. In particular, there is a focus on
requirements in the precarious context of health and medicine
[7,33-40], taking into account both possible benefits and
potential risks [41]. Many of these, for example, are published
in the form of checklists that users may apply to the apps they
areinterested in [8,39], usualy after installing them. However,
itiscurrently amost impossible to estimate the extent to which
the information available in the stores (in the form of app
descriptions) can be used to adequately assess the suitability of
an app before use. Existing studies, which aso investigate the
role of app descriptions, tend to focus on facets other than usage
decisions, such as aspects related to marketing (and thus
turnover-relevant aspects), rather than attempt to examine the
quality of the content in serving its purpose [42]. With regard
to app security, store description texts are used by researchers
to compare the actual behavior of apps, for example, in the
context of data transfers or potentially harmful functions
(integration of advertising networks, etc), with the information
contained in the descriptions [43,44].

Objectives

Supplementing gaps in existing research, in this study, the
following questions were investigated: (1) which quality
principles students consider fundamentally relevant for making
a usage decision? (2) Whether or not the information in the
submitted app descriptionsis perceived as sufficient for ausage
decision, (3) whether or not quality aspects can be identified
within the description texts using key questions, and (4) whether
or not exposure to the quality principles provokes a change in
the students’ assessment.

Methods

Setting

The study took place in the autumn of 2018 as part of a6-week
teaching module in the clinical phase of the undergraduate
medical education program at the University of Gottingen,
Germany. Within thismodule, a6-hour practical training module
was introduced, in which fourth-year students had the
opportunity to explore health-related apps. The students had
the opportunity to volunteer their data for this study.
Nonparticipation would not have had any effect on the
successful completion of the course. The studentswereinformed
in advance and were asked for their consent. The study was
approved by the local Ethics Committee (application humber
18/9/18), and all participants provided written consent.

For the purpose of this study, the Web-based survey system
EvaSys(version 7.1, Electric Paper Eval uationssysteme GmbH,
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Lineburg, Germany) was used, the surveys were
pseudonymized. In thefirst step, students were asked to provide
demographic information. Each participant was then randomly
assigned 3 app descriptions from apool of health appsfrom the
fields of cardiology and pulmonology, which were compiled
by applying the keyword-based Semiautomated Retrospective
App Store Analysis (SARASA) filtering processes to areadout
of apps listed in the “Medical” category of Apple’'s App Store
in August 2018 [45]. A wide range of apps for both patients
and medical professional swas selected for the study. Examples
of these include reference and learning apps as well as health
diaries, treatment plans, and calculators. During the seminar,
each student independently examined the app descriptions
assigned to him or her in amultistep process.

After having provided basic demographic information, the
students were asked for their initial assessment (not yet
influenced by discussions, explanations, or having explored the
quality criteria) of whether the app descriptions provided
sufficient information for a decision on use (“The app
descriptionissufficient for meto makeadecisiononuse,” “The
app description is not sufficient for me to make a decision on
use” or “I don't know”; see question block Q1, Figure 1).
Immediately after this evaluation, the students were asked to
express their—till uninfluenced—opinion on the importance
of 9 quality principlesfor their usage decision—see definitions
in subsection “ Quality Principlesand Operationalization” bel ow,

Figure 1. Study design and procedure.

Albrecht et al

predominantly based on International Organization for
Standardization/International  Electrotechnical Commission
(ISO/IEC) 25010 [46], question Block Q2, Figure 1, stratified
by “very important,” “important,” “part/part,” “lessimportant,”

“unimportant,” and “do not know.”

Again, without explanations, the students were then requested
to indicate whether the app descriptions provided allowed an
assessment of the individual quality principles (see Q3, Figure
1). Subsequently, they were presented with 20 questions to be
answered with “yes” “no,” or “do not know” on the actual
content of the app descriptions (eg, information on the purpose
of the app, fields of application, target groups of the apps, or
the respective providers; see section Quality Principles and
Operationalization). These were based on the items presented
in other studies [35,47] (see Q4, Figure 1) and covered aspects
related to the 9 quality principlesin the hope that working with
these questions would increase participants awareness of
aspects related to these quality principles. Unfortunately, the
guestion “Isthereinformation about the aptitude (qualification)
of the authors/devel opers of the app?’ was not incorporated in
the electronic survey, but for the sake of compl eteness, it is till
listed in the section Quality Principles and Operationalization.
Finally, the students were again prompted to assess whether, in
their opinion, the app descriptions contained sufficient
information for a decision on use (see Q5, Figure 1).

Recruitment of participazrrlltsfgozrp the Health App course.

A total of 14 students

excluded because of lack of

Demographics, basic perception of various app-related
aspects, ownership of mobile devices, and usage patterns.

consent or nonattendance.

Random assignment of 3 apps per participant.

App 1 App 2 App 3
Q1 Initial assessment: Are the apg descriptions
sufficient for a decision about use?
Q2 Perception of the importance of

9 quality-related criteria.

|

9 guality princip

Q3 Assessment: Is it Fossible to rate compliance with the
es based on the app descriptions?

Q4 Aggraisa! of the app descriptions via
quality-related filter questions.
Q5 Follow-up assessment: Are the app descriptions

sufficient for a decision about use?

I I

participants, incorrect |

Merging of data and removal of incomplete records (eg
because of some agps not having been rated by the
numbers having been specified etc).

A total of 15 additional

[

students excluded because

n=123 students included in analysis.

of incomplete records.
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Table 1. Demographics for the participants.

Albrecht et al

Characteristics Male (n=42) Female (n=80) Unspecified (n=1)  Total (n=123)
Age, mean (SD) 24.8(3.2) 23.9(34) 23(—9 24.2 (3.4)
Years of study, mean (SD) 4.1 (0.4) 4.1 (0.4) 4(—) 4.1 (0.4)
M obile operating system (corresponding number of participants, n)

iOS (tablet, smartphone, or iPod) 24 47 1 72

Android (tablet or smartphone) 21 36 0 57

Other (tablet or smartphone) 2 2 0 4

Severd different OS (accumul ated) 4 5 0 9
Use of appsin general (corresponding number of participants, n)

No 4 2 1 7

Yes 38 78 0 117
Ratings submitted (total, N=343) 115 225 3 343
Ratings provided (per participant, mean [SD]) 2.7 (0.6) 2.8(0.4) 3(—) 2.8(0.5)
Apps assigned (n) 90 132 3 143

@ot applicable.

Study Population

Of agrosstota of 152 medical studentswho had registered for
the class, those who did not attend the course despite registration
or did not give their consent (n=14) were not included in the
study; thus, 138 participants in their fourth academic year
remained (Table 1). The evaluation only included complete
datasets. Participants' responses to the various parts of the
survey (Figure 1) could be linked via their individua
identification number and the name of the respective app. By
answering al questionnairesfor at least 1 of the 3 apps (selected
from aset of 143 individual apps) assigned to them, participants
qualified their data for inclusion in the analysis. Thus, a total
of 343 app-rel ated assessments (82.9% of 414 expected, dropout:
15 students) from 123 students (89.1%, 123/138) remained (42
males, 80 females, gender not indicated in 1 case, overall mean
age 24.2 years, SD 3.4). Of these 123 students, not all completed
all question blocks for al 3 of their assigned apps (or it was
impossible to match these to a specific app or student, eg,
because of errors typing identification numbers), resulting in
an average of only 2.8 app evaluations per participant available
for evaluation (SD 0.5).

Only 7 participants stated that they do not use any apps. Mainly
iOS-based smartphones and tablets were in use (72/123
respectively 58.5% total, males: 24/42 respectively. 57.1%,
females. 47/80 respectively. 58.8%), followed by Android-based
mobile devices (57/123 mentions respectively. 46.3% total,
males: 21/42 respectively. 50%, females: 36/80 respectively.
45%). With the exception of gender, the study population
included in the evaluation is homogeneous. Approximately
twice asmany femaleswereincluded, as opposed to males. This
reflects the larger proportion of female students documented
undertaking a medical degree at the University of Gottingen
and at German universities in general [48]. A correlation
between the eval uations of the app descriptionsand participants

http://mhealth.jmir.org/2019/2/€13375/

gender could not be shown—Pearson Chi-square x?,=8.4, P=.77,
n=123).

Quality Principles and Oper ationalization

The study was focused on 9 quality principles (see Table 2),
predominantly modeled on ISO/IEC 25010 [46] for health
software, that are currently being discussed in the context of
coordinating interdisciplinary quality criteriain Germany, (eg,
as compiled by Albrecht [49,50]). Although it could be argued
that other criteria could also have been included in this study,
we explicitly chose not to do so, as these proved to be too
specific to be appropriate for the assessments we had planned.
For example, although ISO/IEC 25023 [51] provides a “basic
set of quality measures’ for various quality aspects and “an
explanation of how to apply software product and system quality
measures,” we chose not to includeit, asthe purpose of the part
of the study presented here was not to measure app quality but
rather to analyze participants’ subjective perceptions of quality,
viaapp descriptions.

Additional sourceswere used to support the compilation of the
9 principles; however, no single source was fully adopted, for
reasons also noted by Nouri et al [40] in their study on quality
principlesin the app context.

Thereishardly any agreement among different working groups
or authors asto which quality categories and characteristics can
be usefully applied to an assessment or which characteristics
can be assigned to which quality categories and how it should
be determined whether an app offersthe desired characteristics.
This can be illustrated exemplarily by the aspect of usability
[3], but it can also be established in principlefor all other areas
relevant in the quality context. Differences exist, among other
things, with regard to the assignment of different characteristics
to the usability principle, but this may also be because of
different objectives or target groups such as consumers or the
restriction to selected application areas of the respective
approaches. Objective aswell as more subjective characteristics
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are often included. Although Zapata et al [52], for example,
included rather subjectively assessable aspects such as
attractiveness, learnability, usability, and comprehensibility in
their empirical analysison usahility, other authors approach the
concept of usability from atechnical and more objective point
of view. Brown et a [53] did this by subdividing the usability
of the “Health IT Usability Evaluation Model” presented in
another study [54] into more detailed parts such as avoidance,
completeness, memory, need for information,
flexibility/adaptability, learnability, speed of performance, and
competence. Nevertheless, in some cases, the various
characteristics can be difficult to assess without in-depth

Albrecht et al

technical and/or content-related knowledge or in some cases,
time-consuming analyses. It is for this reason that, in our
operationalization of the 9 quality principles, we tried to keep
the questions the students were confronted with simple to
comprehend and easy to answer, still addressing the quality
principles without going into great technical detail. The
operationalization itself (Table 3) was done by comparing the
quality principles with existing question lists for
self-assessments of health apps from the preliminary study
conducted both internally and also in accordance with several
other German initiatives [19,35,37].

Table 2. The 9 quality principles (predominantly based on SO 25010, with supporting sources a so listed).

Quiality principle Description

(Sub) Section of 1SO/IEC? 25010 [46] Supporting sources

Practicality High-quality software must be flexible enough to
be used for the intended purpose and, if possible,
beyond it, to cover the widest possible range of use
and application contexts.

Risk adequacy It must be possible to use software in arisk-appro-

priate manner without exposing the user or his or
her environment to unreasonable health, social, or
economic risks.

Ethical soundness  Development, provision, operation, and use must
be ethically innocuous to prevent discrimination

and stigmatization and to provide fair access.

Legal conformity Thelegal conformity (eg, with regard to medical
device law, professional codes of conduct, data
protection laws, laws on the advertising of therapeu-
tic products) for development, provision, operation,
and use must be guaranteed for the protection of
al partiesinvolved (eg, providers, store operators,

and users).

Content validity The content presented and used must be valid and

trustworthy.

Technical adequacy Development, operation, and use need to be appro-
priately adapted to the capabilities of the technology
and the current state-of -the-art to ensure sustainabil -
ity in terms of maintainability, portability, interop-
erability, and compatibility.

Usability The software must have a high degree of usability
appropriate for its target groups, that is, it must be
user-friendly and easy to use, taking into account
therelevant circumstances and conditions. Thiscan
facilitatefair and sustainable use that isalso conve-
nient and contributes to user satisfaction.

Resource efficiency  Elements for resource-efficient operation and use

should be taken into account during development.

Transparency Full transparency regarding the aforementioned
criteria serves as a basis for software evaluations
aswell asfor individual and collective usage deci-

sions.

4.1.3 satisfaction; 4.1.5 context coverage;
4.2.1 functional suitability; 4.4.11 stated

[35,37,38,55-64]

purpose.
4.1.4 freedom from risk (economic, health  [55,56,65,66]

and safety, and environmental risk mitiga-

tion).

4.2.4.6 accessibility [37,38,56,62,67,68]

_b [9,19,35,37,38,55,56,61,69-73]
_c [8,9,19,38,40,56,59-62,73-76]
4.2.3 compatibility; 4.2.5 reliability; 4.2.7 [40,66,73,77]
maintainability, and 4.2.8 portability

4.1.3.4 comfort; 4.2.4 usahility; 4.2.8.1 [40,73,78]

adaptability.

4.1.2 efficiency and 4.2.2 performance effi-  [65,73]

ciency (including time behavior, resource

utilization, and capacity)

_¢c [9,19,35,66,73]

8 SO/IEC: International Organization for Standardization/International Electrotechnical Commission.
bNo longer covered in I1SO/IEC 25010, but was part of 1SO/IEC 9126-1:2001 [69], which 25010 revises.

®Not covered in 1SO/IEC 25010.
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Question Number

Question

Affected quality principles

1

10

112

12
13

14

15

16

17

18

19

20

21

Has the purpose of the app been specified in the description
text?

Isthere a description of the functions offered by the app (func-
tionality)?

Is there a description of the context and environment in which
the app isto be used (application field)?

Isthe target group of the app (eg, doctors, students, and patients,
or differently defined groups) described?

Isthere any indication asto whether feedback from the relevant
user groups was incorporated into the design, development, or
testing of the app?

Are there any details on where and how the app should not be
used, where itslimits lie (restrictions and limitations)?

Are undesired effects that have already occurred been men-
tioned?

Isthere adescription of potential or actual risks (health, econom-
ic, and social) to which the user may be exposed when using
the app?

Are precautions taken to avoid the above risks described?
Are authors or developers of the app named?

Is there information about the aptitude (qualification) of the
authors or developers of the app?

Are sources used for the app (eg, literature) named?

Isit specified whether the app has been awarded certificates,
quality seals or something similar by third parties?

Aredetails given with respect to quality assurance during devel-
opment?

Isinformation given on whether the app is amedical device
(keyword: CE label?)?

Is there a description of how the app is financed or who is
funding it?

Are conflicts of interest named (eg, involvement of an author
in the app company)?

Aredetails provided on users’ data protection rightsin connec-
tion with the collection, storage, and deletion of data (eg, right
to information, right of modification, right of revocation, and
periods for deletion)?

Arethere any indications as to who the beneficiary(s) of the
dataisor are?

Isthelocation where dataare being stored (eg, in which country)
named?

Arethere any indications of ethical innocuousness (eg, ethics
vote for research apps)?

Practicality and transparency

Practicality, usability, and transparency

Practicality, usability, and transparency

Practicality, usability, and transparency

Usability and transparency

Practicality, risk adeguacy, and transparency

Risk adequacy and transparency

Risk adequacy and transparency

Risk adequacy and transparency

Content validity and transparency
Content validity and transparency

Content validity and transparency
Technical adequacy and content validity

Technical adequacy and transparency

Lega conformity, technical adequacy, risk adequacy, and
transparency

Content validity and transparency

Content validity and transparency

Legal conformity, risk adequacy, and transparency

Legal conformity, risk adequacy, and transparency

Legal conformity, risk adequacy, and transparency

Ethical soundness, and transparency

@Unfortunately, questi

on 11 was not included in the Web-based survey.

BConformité Européenne. A CE labels indicates that a product sold within the European economic Area conforms to the required health, safety, and
environmental protection standards.

Evaluation Strategy
A descriptive evaluation of the frequencies, mean values, and

SDswas prepared.

The primary goal of the study was to detect a change in the
assessment of sufficiency for usage decisions on the basis of
app description texts. The hypothesis was tested that, after

confrontation with the predefined quality principles, therewould
be no change in the students’ assessment of the sufficiency of
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app descriptions for the usage decision. Bowker test of
symmetry (2-sided, alpha=.05, beta=.80) [79,80] was applied
and for determining effect size, Cohen g [81,82] was calcul ated.
The aforementioned symmetry test was chosen as it provides
the opportunity to test multiple nominal characteristics in
associated samples. In addition, in contrast to the McNemar
test, the McNemar-Bowker test is able to consider more than 2
categories.

Thefollowing points acted as secondary aimswithin the study:

1 Assessment of the relevance of quality principles for the
usage decision.

2. Evauation of the sufficiency of the information provided
in the app descriptionsto assess compliance with the quality
principles.

3. Frequency of mentioned aspects as identified by the key
guestions in the description texts.

IBM SPSS Statistics Subscription (Build 1.0.0.1118, IBM
Corporation) and R (version 3.5.1, R Core Team) [83] were
used for the evaluation.

Results

The 123 participating students regarded all 9 quality principles
as“very important” or “important” (Table 4). In particular, they
considered “content validity” (85.4%, 105/123) and “risk
adequacy” (74%, 91/123), “legal conformity” (66.7%, 82/123)
and “usability” (65%, 80/123) to be “very important.”
Furthermore, the principles of “ethical soundness’ (55.3%,
68/123), “practicality” (50.4%, 62/123), and “transparency”
(45.5%, 56/123) were regarded as “very important” but were
weaker in terms of percentage for the decision on use. The
quality principles “technical adequacy” (39%, 48/123) and
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“resource efficiency” (34.1%, 42/123) were classified as
“important” (see Table 4).

After working with the quality principles, the students were
asked if they were able to determine whether these principles
were met on the basis of the app descriptions (Q3, Table 5).
Affirmative answers to this question were given in 31.2%
(943/3087) of the evaluations of the app descriptions, with
“practicality” in 71.7% (246/343) and “usability” in 39.9%
(137/343) assessed asfulfilled most frequently. Theworst levels
of fulfillment were found for “transparency” (16.9%, 58/343)
and “resource efficiency” (19.8%, 68/343). In less than one
third of the app descriptions, students were ableto successfully
determine compliance with the quality principles “content
validity” (27.1%, 93/343), “ ethical soundness’ (26.8%, 92/343),
and “legal conformity” (22.2%, 76/343; see Table 5).

On the basis of the total number of all individual answers,
participating students were unable to identify the required
information in the app descriptions in 70.4% (4831/6860) of
the answers (see Q4, Table 6). In 5.9% (403/6860) of the
answers, students were unsure as to whether the description
texts contai ned suitableinformation (“do not know™). According
to the students, the greatest deficitswere thelack of information
on “undesirable effects’ (91.8%, 315/343), “ ethical soundness’
(90.1%, 309/343), “risk-avoidance” (89.2%, 306/343), “ conflicts
of interest” (88.3%, 303/343), and “naming the data storage
location” (87.8%, 301/343). Sufficient information could be
found via the filter questions on the “declaration of purpose”
(93.6%, 321/343) and “description of functionalities’ (86.9%,
298/343). In 76.7% (263/343) of the app descriptions,
assessments of thefield of application could be made. However,
it should be noted that only 23.3% (1600/6860) of the answers
given were positive (see Q4, Table 6), corresponding only to
the presence of theinformation necessary to answer the question
in the app description.

Table 4. Assessment of the relevance of the 9 quality principles (Q2) for one's own usage decision (for N=123 students).

Item Very important,  Important, Part/part, Lessimportant, Unimportant, Do not know, Noinformation,
n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Practicality 62 (50.4) 46 (37.4) 8(6.5) _a 2(L6) 5(4.1) —
Risk adequacy 91 (74.0) 11(8.9) 9(7.3) 1(0.8) 2(16) 7(5.7) 2(16)
Ethical soundness 68 (55.3) 37(30.2) 11 (8.9) 3(24) 2(1.6) 1(0.8) 1(0.8)
Legal conformity 82 (66.7) 26 (21.1) 5(4.1) 4(33) 1(0.8) 4(3.3) 1(0.8)
Content validity 105 (85.4) 12 (9.8) 2(1.6) 1(0.8) 1(0.8) 2(1.6) —
Technical adequacy 3 (2.4) 48 (39.0) 47 (38.2) 3(2.4) — 3(2.4) 3(2.4)
Usability 80 (65.0) 34(27.6) 8(6.5) — — 1(0.8) —
Resource efficiency 36 (29.3) 42 (34.1) 24 (19.5) 10 (8.1) 3(2.4) 8(6.5) —
Transparency 56 (45.5) 39(31.7) 19 (15.4) — 1(0.8) 6(4.9) 2(1.6)

8N o corresponding answer was given.
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Table 5. Assessment as to whether compliance with the 9 quality principles could be determined on the basis of the available app descriptions (Q3,
scale“yes,” “no,” and “do not know"), on the basis of N=343 assessments (3087 individual responses overall).

Item Yes, n (%) No, n (%) Do not know, n (%) No data, n (%)
Practicality 246 (71.7) 79 (23.0) 17 (5.0) 1(0.3)
Risk adequacy 93(27.1) 198 (57.7) 52 (15.2) _a
Ethical soundness 92 (26.8) 211 (61.5) 40 (11.7) _a
Legal conformity 76 (22.2) 231 (67.3) 36.0 (10.5) _a
Content validity 93(27.1) 210(61.2) 37(10.8) 3(0.9)
Technical adequacy 100 (29.2) 199 (58.0) 41 (12.0) 3(0.9)
Usability 137 (39.9) 179 (52.2) 25(7.3) 2(0.6)
Resource efficiency 68 (19.8) 205 (59.8) 69 (20.1) 1(0.3)
Transparency 58 (16.9) 213(62.1) 72 (21.0) _a
Total number 963 (31.20) 1725 (55.88) 389 (12.60) 10(0.32)
@ot applicable.

Table 6. Assessment of whether the 20 detailed questions could be answered on the basis of the available app descriptions (Q4, “yes’, “no”, “don't
know”, based on N=343 evaluations with atotal of 6860 individual answers).

Item Yes, n (%) No, n (%) Do not know, n (%) No data, n (%)
Indication of purpose 321 (93.6) 19 (5.5) 3(0.9) _a
Description of functionalities 298 (86.9) 38(11.1) 7(2.0) _a
Information on the field of application 263 (76.7) 68 (19.8) 10(2.9) 2(0.6)
Information on the target group 233 (67.9) 96 (28.0) 13(3.8) 1(0.3)
Information on inclusion of feedback fromthe 40 (11.7) 273 (79.6) 28(8.2) 2(0.6)
relevant user groups
Description of restrictions and limitations 43 (12.5) 284 (82.8) 15 (4.4) 1(0.3)
Indication of undesired effects 8(2.3) 315(91.8) 18 (5.2) 2(0.6)
Information on potential or actual risks 20(5.8) 304 (88.6) 18(5.2) 1(0.3)
Information on the precautions taken to avoid 20 (5.8) 306 (89.2) 15 (4.4) 2(0.6)
the aforementioned risks
Authorship (authors or developershavebeen 67 (19.5) 249 (72.6) 25(7.3) 2(0.6)
named)
Information on sources used 38 (11.1) 279 (81.3) 24 (7.0) 2(0.6)
Information on certificates, quality seals, or 25 (7.3) 296 (86.3) 22 (6.4) _a
something similar having been awarded
Information on quality assured development 34 (9.9) 282 (82.2) 27 (7.9) _a
Information on the medical device status 32(9.3) 274 (79.9) 37 (10.8) _a
Information on financing 45 (13.1) 280 (81.6) 16 (4.7) 2(0.6)
Conflicts-of-interest-rel ated information 10(2.9) 303 (88.3) 27(7.9) 3(0.9
Information about user privacy rights 41 (12.0) 277 (80.8) 23(6.7) 2(0.6)
Information on the beneficiary of the data 27(7.9) 278 (81.0) 37 (10.8) 1(0.3)
Specification of the data storage location 25(7.3) 301 (87.8) 16 (4.7) 1(0.3)
Information on ethical soundness 10(2.9) 309 (90.1) 22 (6.4) 2(0.6)
Total number of ratings 1600 (23.32) 4831 (70.42) 403 (5.87) 26 (0.38)

3ot applicable.
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Initially, 70% (240/343) of the app descriptionswere considered
“sufficient” to make a decision on use. Following engagement
with the quality principles, this rate was reduced to 54.2%
(186/343). The proportion of app descriptions judged
“insufficient” rose by an absolute value of 19.2% (66/343), from
22.7% (78/343) t0 42% (144/343). The percentage of those who
were undecided decreased from 7.3% (25/343) t0 3.8% (13/343)
and was thus almost halved (decline of 48%, 12/25; see Table
7). After the examination of quality aspects, significantly fewer
assessments  were  considered “sufficient” than
before—McNemar-Bowker Test (3)=45.803919, P<.001. The

Albrecht et al

effect size according to Cohen was g=.295, which corresponded
to a strong effect [81] (see Table 7). The calculated posthoc

power was 0.99—Chi-square power calculation )(2420.3, P=.05,
N=343.

Overall, 76 out of 123 students (61.8%) changed their opinion
on the sufficiency of the app descriptions for a usage decision
for at least 1 of the assigned apps. Of a total of 343 such
assessments, 117 wererevised (34.1%). A total of 90 of the 117
changes (76.9%) were corrected to a more critical assessment
(changesto “insufficient” or “do not know”; see Table 8).

Table 7. Students’ assessment as to whether the app description text is sufficient for the usage decision. Presentation of the contingency table (Q3 vs
Q5) before and after the clarification of quality principles and the targeted search for these quality criteria (yes, no, and do not know) in 343 app

evaluations from 123 students.

Before information and investigation

After information and investigation

“Insufficient” “Do not know” “Sufficient” Total number
“Insufficient” 63 2 13 78
“Don't know” 11 2 12 25
“Sufficient” 70 9 161 240
Total 144 13 186 343

Table 8. Presentation of the directions of change in 117 out of 343 assessments of usage decisions based on information on quality principles and

criteriaby 76 (61.8%) of the 123 students.

Assessments Changesin assessment, n (%)

From “do not know” to “sufficient” 12 (10.3)

From “do not know” to “insufficient” 11 (9.9)

From “sufficient” to “do not know” 9(7.7)

From “insufficient” to “do not know” 2(L7)

From “sufficient” to “insufficient” 70 (59.8)

From “insufficient” to “sufficient” 13(11.1)

Total 117 (100.0)
Discussion 0=.295. In 34.1% (117/343) of the evauations, the initial

Principal Findings

We conducted surveys before and after confrontation with
quality principles and criteria. The students eval uated the same
description in both surveys. Although we did not ask to what
extent the students had previous knowledge on the subject or
their assigned apps (and there were no indications for this in
the freetext commentsthey were allowed to make), onthe basis
of our design, we were nevertheless able to determinethat, after
having worked with quality principles, there were indeed
changes in how the participants perceived the description texts
with respect to whether these possibly suffice for initial usage
decisions. We were also able to obtain insights into which
elements can or cannot be commonly found in the descriptions.

The study showed that, following engagement with the 9
specified quality principles (Table 2), there was a statistically
significant changein the students’ assessment of the sufficiency
of app descriptions for a decision on app
use—McNemar-Bowker Test (3)=45.803919, P<.001, Cohen

http://mhealth.jmir.org/2019/2/€13375/

assessment was revised. Overall, more than 1 in 4 evaluations
(or 3 in 4 changes of assessment) resulted in a more critical
assessment. We assume that the following factors may haveled
to a sensitization, inciting further analytical thought when
reassessing the initial question: First, the examination of app
description quality by gauging the relevance of generic quality
principles for the usage decision; second, the subseguent
assessment of whether the description divulged the app’'s
fulfillment of these principles; third, the search for specific
information within the texts, guided by 20 filter questions. The
students rated all quality principles as “very important” or
“important” for their usage decisions. In particular, “content
validity” (85.4%, 105/123) and “risk adequacy” (74%, 91/123)
and “legal conformity” (66.7%, 82/123) and “usability” (65%,
80/123) were“very important.” However, it was precisely these
principles that the students were able to less identify with
certainty in the app descriptions. It isfor thisreason that students
were only able to assess the fulfillment of the quality criteria
to alimited extent. The search for specific information in the
app descriptions showed large deficits—for 16 of the 20
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guestions, more than 80% of the descriptions were found to
contain insufficient information. In particular, statements on
undesired effects (91.8%, 315/343), on the ethical harmlessness
of the apps (90.1%, 309/343), on the measures taken to avoid
risks (89.2%, 306/343), and regarding conflicts of interest
(88.3%, 303/343) were lacking. An unspecified data storage
location (87.8%, 301/343; Table 4) was also problematic.

The results allow the following conclusions to be drawn. First,
when observing app descriptions, students were only able to
identify a small amount of information on aspects relevant to
the quality principles. This is in line with the work of other
authors, in which the information content of store description
texts was also evaluated as poor in terms of quality and content
[84]. Second, it can be implicitly assumed that athough
awareness of quality principles exists, it is not generally
transferred to descriptions of health apps. Thisis made apparent
through the more critical assessment of the sufficiency of app
descriptions after a sensitization to quality principles. Finally,
it can be concluded that the abovementioned aspects represent
essential elements for awell-founded user decision.

To form the basis for informed usage decisions, manufacturers
need to provide relevant information on quality principlesin an
easy-to-understand manner, idealy following a universal,
structured approach, easily comparable by interested parties
[47]. The app description provides an ideal scope for this, asit
is an obligatory requirement for all apps listed in stores on the
major mobile platforms. In thisstudy, we found that only avery
small percentage of this information is made available. The
specification of standardized information in the description [35]
would help to solve this issue, especialy if the users were to
demand it. This can be achieved through the involvement of
stakeholders, such as professional associations, industry
associations, and consumer initiatives, that coordinate their
activities across disciplines[49,50]. The message could be that
manufacturers who do not include such content in the
descriptions deny usersthe opportunity to make awell-founded
decision on use. Recently, efforts have been made in various
professional associationsto consider compiling interdisciplinary
quality criteria. Naturally, such processes are tedious because
of the sheer quantity of opinions regarding the definition of the
selection of criteria [50]. A process that could be concluded
more quickly would be the agreement that transparency must
be upheld on the part of app manufacturers and distributors.

Of course, transparency must also be appreciated and utilized
by the user if awell-founded usage decision is to be made. To
this end, users must become aware of their role and their
individual responsibility in the (professional) use of this
technology. The recognition of (professional) legal and ethical
requirements of apps is not automatically conducted because
of the general perception of smartphones and apps as “ private
matters” In Weiser's sense, mobile technology is aready too
“interwoven” with “our everyday life” [85] for it to be viewed
in a differentiated way. However, the fact is that these
technologies are used in professional contexts, even in health
and medicine—with all their consequences. With small
stakehol der campaigns and further training within the framework
of the digitization debates, a great deal of sensitization could
already be achieved, and a mgjor contribution could be made
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in attaining the circumstances necessary for well-founded
decisions on app use. Of all the solutions for evaluating apps,
such as reviews, tests, certifications, and the preparation of
scientific studies, app descriptions represent the first and fastest
step taken by users.

Comparison With Other Approachesin the Quality
Context

There are a number of helpful and validated tools available,
aiming to support those interested in health-related apps and
their quality [86]. Often in the form of a checklist, these tools
address various user groups and application areas, for example,
Mobile Application Rating Scale [7] and user version of the
Mobile Application Rating Scale [39] as well as App Chronic
Disease Checklist [8]. In addition to thesetools, somethird-party
initiatives, such as national health bodies, assign quality seals
to apps or compilelists of appsthey have approved. The quality
of such third-party evaluations is at times questionable. How
well the quality assessment processes have been designed and
implemented and the scope of the assessments that are
performed (eg, assessments of whether the content is adequate
vs also considering technical or security-related aspects) are
critical aspects when making recommendations.

Interms of this study, it was not our aim to devel op yet another
assessment tool for determining whether an app is of high
quality. Instead, wewereinterested in, first, whether potentially
interested parties are aware of applicable quality criteria and
are able to identify corresponding information in the app
descriptions, second, whether for users who have previously
been unfamiliar with such criteria, a familiarization can
potentially lead to changes in how they assess quality aspects,
on the basis of the app descriptions. In our analysis, we found
strong indicationsfor both of these aspects. We believethat this
may facilitate future evaluations on the basis of the
aforementioned quality assessment tools by enabling users to
more easily apply thesetools.

Limitations

App Selection

The inherent dependence of the quality of app selection on the
quality of the search terms defined poses multiple limitations.
While searching for suitable apps from the field of cardiology
and pulmonology, it is possible that fitting search terms were
not included or—especially with hits of partial terms—that
some apps were incorrectly included. A complete (manual)
screening of all appsavailableinthe store categories“Medical”
and “Health and Fitness” would not be possible because of the
incredibly large volume of apps available. It isfor this reason,
despite limitations, that the keyword-based SARASA method
[45] was used. Furthermore, it is possible that a sampling bias
occurred during the selected search procedure in Apple's App
Store. This is conceivable when considering the store's
category-based system, not recognizing appsfalsely categorized
by their manufacturers, and it may also be because of the
limitation of the search to apps with German-language store
descriptions, predetermined by the store front-end avail able for
Germany. The situation may differ for App Stores available for
other mobile platforms (eg, Android apps available from

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 2 |€13375 | p.26
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

Google's Play Store) or even for iOS-based apps from store
front-ends in other countries or apps whose store descriptions
are available in other languages, which should be taken into
account in subsequent investigations.

In addition, the SARASA method led to a variable selection of
apps that were probably not directly comparable because of
their different application areas and target groups. Nevertheless,
we believe that this variability was more a strength than a
weakness of our evaluation, as we were not interested in the
direct comparability of apps but rather in the evaluation of
quality aspects in a typical setting. This is given as users are
able to obtain apps using keyword-based searchesin the store.

Study Population

It may also be argued that our participants’ demographics are
not fully representative of the German population, for example,
with respect to their age, level of education, and smart device
usage patterns, with almost 59% (72/123; Table 1) of the
participants stating that they were using iOS-based devices
versus only about 23% market share for such devices in the
German population in December 2018 [87]. Despite these
discrepancies, the study popul ation reflects the often-mentioned
greater popularity of the iOS platform among those working in
the medical field [88], and thus the participants may well prove
to be a representative sample, at least in comparison to their
future colleagues. Platform-related effects on our results were
probably negligible, as the students were requested to solely
consider the provided store description texts, without platform
specifics, and not the apps themselves. Moreover, it has been
shown that there are only small differences among users of
various mobile platforms, if sociodemographics are accounted
for [89].

Another possible limitation regarding our choice of studentsas
the study population may be the students' lack of experiencein
themedical field and their lack of exposureto the quality aspects
investigated, potentially making it more difficult for them to
assess the content of the app descriptions. Upon reflection, we
believe this had little, if any, influence. As app descriptions are
commonly written not to convey detailed, in-depth information,
but rather to satisfy marketing requirements—after all,
manufacturers hardly have a chance to restrict who has access
to them—one would expect that only in rare circumstances
would the information conveyed in descriptions require
knowledge surpassing that of fourth year medical students. In
addition, in a previous study [45], for a somewhat similar
selection of apps, we applied automated algorithms for text
complexity to the descriptions, with calculations based on
sentence length, number of syllables, etc, to determinethelevel
of education necessary for reading comprehension. Inthat case,
for about 3 quarters of the apps, alevel of high school education
or less would have been sufficient for comprehension. We
therefore believe that medical students, who are asfar alongin
their studies as our fourth year participants, should have
sufficient medical background and reading proficiency to
perform basic checks of medically-oriented app descriptions.
Moreover, an objection that students do not have the knowledge
necessary for basic assessments of usability and information
security can hardly be raised. For today’s students, a majority
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of which have grown up with information technol ogy and could
therefore be considered “digital natives” at least a basic
understanding of these aspects can be assumed. In any case, to
be truly meaningful, expert-level assessments would require
in-depth analyses of the apps themselves rather than an
evaluation of store description texts.

Questionnaire Design

The questionnaires were pretested with 4 medical studentsfrom
different semesters. It would have been sounder to test with a
population comparable with the target group. Unfortunately,
appropriate candidates could not have been recruited without
provoking a bias (prospective course participants), which is
why we refrained from doing so. The pretest was conducted
without any evidence of comprehension problems when
paraphrasing so that the authors saw no reason for any changes.
Despite this, some of the questionnaires within the study were
not fully completed. A dropout analysis was not carried out for
reasons of capacity; however, it is planned for subsegquent
rounds.

Unfortunately, the filter question “Is there information about
the aptitude (qualification) of the authors/developers of the
app?’ was not included in the Web-based survey, although this
was planned. This will be done in a subsequent study, as
determining whether the authors’ and devel opers’ qualifications
befit the purpose of the app may be of interest—appropriate
qualifications can be a surrogate parameter for the quality of
the content. If those involved are expertsin the respectivefield,
be it because they obtained an academic degree or another type
of suitable qualification, it is more likely that the content will
bevalid and of high quality than if it waswritten by otherswho
are not similarly educated.

It would al so have been desirable to discriminate between apps
in general and health-related apps when asking participants to
assess the importance of quality criteria. In addition to the
genera review of the quality principles, this would have made
it possible to assess whether the participants perceptions of
quality criteriadiffer between general and particularly sensitive
health contexts.

Outlook

Planned follow-up studies should aim to confirm and extend
theresults of thisstudy. A more diverse study population (larger
number of participants, other academic years, other
health-related programs, and vocational training) should be
included. Onthewhole, itismost important to facilitate analyses
that can quantify the relevance of the individua quality
principlesand their contribution to the assessment process. This
can be achieved by creating a larger database through
experiment reproduction. Through this process, theisolation of
atruly necessary and sufficient number of principles would be
better possible. The operationalization of the quality principles
will be examined in a separate paper. The aim is to identify
potential candidates from the existing set of known criteria, to
check their suitability and, if necessary, to synthesize new
criteria. A time series, for example, through yearly evaluations
in similar classes, possibly at other universities, could also be
potentially used to determine whether, and if so, how, students
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awareness and perception of quality criteria in health-related
app contexts change over time.

Conclusions

To provide users with orientation and to strengthen their
decision-making competence, the app description texts must
contain significantly more relevant information, for example,
by including information compiled by following astandardized
and comprehensive structure [19,35]. App stores should
encourage this approach, as it would significantly aid in
satisfying their users’ need for information. However, whether
(possibly mandatory) validationsor cross checks of the provided
information by independent experts, for example, before
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Abstract

Background: Increasing physical activity (PA) levels in adolescents aged 12 to 18 years is associated with prevention of
unhealthy weight gain and improvement in cardiovascular fitness. The widespread availability of mobile health (mHealth) and
wearabl e devices offers self-monitoring and motivational features for increasing PA levels and improving adherence to exercise
programs.

Objective: The aim of this scoping review was to identify the efficacy or effectiveness of mHealth intervention strategies for
facilitating PA among adolescents aged 12 to 18 years.

Methods: We conducted a systematic search for peer-reviewed studies published between 2008 and 2018 in the following
electronic databases: PubMed, Google Scholar, PsychINFO, or SportDiscus. The search terms used included mHealth or “ mobile
health” or apps, “physical activity” or exercise, children or adolescents or teens or “young adults’ or kids, and efficacy or
effectiveness. Articles published outside of the date range (July 2008 to October 2018) and non-English articles were removed
before abstract review. Three reviewers assessed all abstracts against the inclusion and exclusion criteria. Any uncertainties or
differencesin opinion were discussed asagroup. Theinclusion criteriawerethat the studies should (1) have an mHealth component,
(2) target participants aged between 12 and 18 years, (3) have results on efficacy or effectiveness, and (4) assess PA-related
outcomes. Reviews, abstracts only, protocols without results, and short message service text messaging—only interventions were
excluded. We aso extracted potentially relevant papers from reviews. At least 2 reviewers examined al full articles for fit with
the criteriaand extracted datafor analysis. Data extracted from selected studiesincluded study population, study type, components
of PA intervention, and PA outcome results.

Results. Overall, 126 articles were initially identified. Reviewers pulled 18 additional articles from excluded review papers.
Only 18 articles were passed onto full review, and 16 were kept for analysis. The included studies differed in the sizes of the
study populations (11-607 participants), locations of the study sites (7 countries), study setting, and study design. Overall, 5
mHealth intervention categories were identified: website, website+wearable, app, wearable+app, and website+wearabl e+app.
The most common measures reported were subjective weekly PA (4/13) and objective daily moderate-to-vigorous PA (5/13) of
the 19 different PA outcomes assessed. Furthermore, 5 of 13 studies with a control or comparison group showed a significant
improvement in PA outcomes between theintervention group and the control or comparison group. Of those 5 studies, 3 permitted
isolation of mHealth intervention components in the analysis.
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Conclusions:

Leeetd

PA outcomes for adolescents improved over time through mHealth intervention use; however, the lack of

consistency in chosen PA outcome measures, paucity of significant outcomes via between-group analyses, and the various study
designs that prevent separating the effects of intervention components calls into question their true effect.

(JMIR Mhealth Uhealth 2019;7(2):€11847) doi:10.2196/11847
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Introduction

Background

Mobile health (mHealth) isthe use of mobile or wirelessdevices
to support medical and public heath practice [1]. mHealth
leverages the availability of technological innovations such as
biological sensors, short message service (SMS), Global
Positioning System, and accel erometry that are small enough
to be embedded into wearable devices and smartphones. These
novel technologies provide an easy way to collect hedlth-related
data and allow consumers to monitor their own health data.
mHealth offersmodalitiesthat are easily accessible and |ow-cost
to implement, permitting potential reach across socioeconomic
gradients and into hard-to-reach populations [2]. The mHealth
market was projected to reach US $23 hillion in 2017 and it is
estimated to grow more than 35% in the next 3 years [3]. A
large proportion of growth in mHealth isin the native app and
wearable activity device market. Native apps are apps devel oped
specifically for a smartphone device that can be directly
downloaded onto the device platform from the app marketplace
(eg, Apple App Store, Google Play store). Wearable activity
devices collect information about the movement activity of the
individual wearing the device, and some are compatible with
native or Web apps (eg, FitBit). In 2017, there were over
325,000 health-related apps available in major app stores (eg,
Apple’'s App Store and Google's Play Store) equating to 3.7
billion app downloads [4]. Smartphone useiswidespread in US
adultswith 77% owning asmartphone; however, in adolescents,
it is even more prevaent, with 94% owning or having access
to asmartphone and 89% indicating that they accesstheinternet
almost constantly or several times a day [5].

Behavior Change and Mobile Health

Emerging evidence shows that mHealth can aid in health
behavior change resulting in better health outcomes, from
smoking cessation and glucose monitoring to antiretroviral
medication adherence and asthma control [6-8]. For successful
prevention or management of many health conditions, health
behavior changes are required, and acommon recommendation
has been to change physical activity (PA) behavior. Decreased
PA levels are associated with several leading causes of death
in the United States such as cardiovascul ar disease, cancer, and
diabetes [9]. Previous reviews looking at the efficacy or
effectiveness of mHealth for facilitating PA in adults have
shown mixed evidence for the effectiveness of mHealth at
increasing PA. One systematic review showed no impact on
PA outcomes [10], and a meta-analysis presented a moderate
effect on step counts and a nonsignificant effect on time in
moderate-to-vigorous PA (MVPA) [11]. This lack of decisive
findings could be attributed to low app quality and adherence

http://mhealth.jmir.org/2019/2/€11847/

to guidelines for exercise prescription [12] or alack of variety
in theories of behavior change employed by the app [13].

For the sake of clarity, in this paper, we use the term efficacy
to discuss the performance of an intervention in a controlled
environment, whereas effectiveness is understood as the
performance of an intervention in a pragmatic setting.
Nonetheless, these terms should not be viewed as binary
attributes but rather asthe range of performance asacontinuous
variable. Despite this mixed evidence as to the efficacy and
effectiveness, understood in the context of continuity [14], of
mHealth for facilitating PA in adults, thereisalack of evidence
for an adolescent population despite its higher level of
smartphone adoption and use. Adolescenceisasensitive period
of neurocognitive devel opment with effects on decision-making
and behavior, making it aprime timefor intervention regarding
health-related behaviors. Though opportunities for prevention
of chronic diseases can begin as early as the prenatal period,
new health-related behaviors can arise in adolescence, making
it acritical time point for prevention [15]. Vigorous PA levels
decline by as much as 17.8% in boys and 11.0% in girls from
middleto high school [16]. Increased knowledge about exercise,
self-motivation, peer modeling and support, parental support,
and availability of supplies or equipment are al positively
associated with PA in adolescents [17,18]. mHealth modalities
could address each of these correlates to PA. Although the
meta-analysis [11] mentioned previously did include 2 studies
within the adol escent age range, both studiesincorporated SMS
as the only mHealth intervention component. A systematic
review of SMS interventions in youth and adolescents has
recently been published [19]; thus, this review will focus on
native and Web app interventions.

Objectives

The am of this review was to identify the efficacy or
effectiveness of mHealth for facilitating adolescent PA. Scoping
reviews permit quick structured mapping of key conceptsin a
research area, identify gaps in the existing literature, and
succinctly summarize emerging research findings [20]. This
scoping review istimely asthereis no review in the adolescent
age group regarding the efficacy or effectiveness of mHealth
for PA. In addition, the mHealth market is rapidly growing;
therefore, a quicker review process is ideal for dissemination
that would be timely to researchers and clinicians looking to
improve PA outcomes and provide relevant clinical guidance
to patients.
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Methods

Search M ethods

We followed the scoping review methodology proposed by
Arksey and O’ Malley [20]. A scoping review involves5 stages:
(1) identifying the research question, (2) identifying relevant
studies, (3) selecting the studies, (4) charting the data, and (5)
collating the results (writing the manuscript) [20]. Two of the
key differences between scoping reviewsand systematic reviews
liein the search strategy and the assessment of evidence quality.
Scoping reviews have broad research questions and invoke an
iterative search process to identify all relevant articles [20].
They also do not seek to assess the quality of evidence for
included studies [20]. In stage 1, we identified the following
research question: Are mHeath interventions effective for
increasing PA among adolescent populations? In stage 2, we
identified databases, search terms, and set time constraints. We
selected 4 primary databases for searching: PubMed, Google
Scholar, PsychINFO, and SportDiscus. Although PubMed serves
as the main foundation for publications within medical and
public health journals, we added Google Scholar, PsychINFO,
and SportDiscus to pull articles that could be in journals more
relevant to software engineering, behavior change, and exercise
science, respectively. The following terms were identified a
priori by AML and FM and then entered into all 4 databases:
mHealth or mobile health or apps, “physical activity” or
exercise, children or adolescents or teens or “young adults’ or
kids, and efficacy or effectiveness. Dueto differencesin search
engine functionality, the method by which terms were entered
differed per database. See Multimedia Appendix 1 for detailed
search methodology. Abstracts outside of the date range (July
2008-October 2018) and abstracts without articles available in
English were removed before abstract review. The July 2008
start date marks the launch of the Apple App Store and the
presence of smartphone apps in the consumer market. In stage
3, 3reviewers (AML, SC, and FM) assessed al abstracts against
the study criteria. Any uncertainties or differences in opinion
were discussed as a group, and if unresolved in discussion, the
full article was then reviewed. Inclusion criteriawere (1) study
participants aged 12 to 18 years, (2) address efficacy or
effectiveness of mHealth, (3) mHealth component, and (4)
PA-related study outcomes. PA study outcomes were considered
to be measures of PA volume and hedth indicators
representative of changesin PA, for example, cardiorespiratory
fitness or strength. Exclusion criteria encompassed abstracts
without a full article, protocols without results, interventions
that only included SMS as the mHealth component,
dissertations, or review papers. Reviewers searched all excluded
review papers referenced articlesfor applicability to scope and
added them to the abstract review if deemed plausible to fit.
Oncethe abstract review was complete, the 3 reviewers (AML,

http://mhealth.jmir.org/2019/2/€11847/
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SC, and FM) read each of thefull articlesto examine each article
for fit with the criteria. As scoping reviews permit an iterative
search process, any articles that were found outside of
designated searcheswere sent to all 3reviewersasafull article
to be evaluated for inclusion into the review. Finaly, in stage
4, AML, SC, and VW extracted data for analysis from articles
that passed full review. Mendeley citation manager and
Microsoft Excel were used to organize the references pulled
from searches and to complete our assessment against the
inclusion and exclusion criteria, respectively.

Analysis

We charted theincluded studies according to key characteristics
identified by the authorsto delineate the efficacy or effectiveness
of mHedlth for facilitating PA. Thekey characteristicsidentified
pre-extraction included year, location, number of participants,
age, sex, race and/or ethnicity; study design, setting, duration;
mHealth intervention components, additional intervention
components, PA outcome measures, and PA outcome results.
Setting indicates where recruitment, implementation, and
measures of the study occurred. Duration identifies how long
themHeadlth intervention was used, and subsequent PA outcomes
were tracked as previous behavior change research regarding
PA has highlighted the difficulties with maintenance [21,22].
Charting the study design provided information on the rigor of
the science and whether adequate comparisons were
implemented as well as the strength of the conclusions that
could be made. Descriptive statistics were calculated regarding
the presence or absence of PA characteristics among adol escents
in the included studies.

Results

Through our database searches, weinitialy identified atotal of
126 abstracts, of which, 14 were duplicated. Overall, 2 articles
were removed as the studies were performed outside the date
range of interest, and 1 article that was not in English was
excluded as well. In addition, we removed 13 review articles
from which we extracted 18 papers of interest for this scoping
review, leading to atotal of 96 distinct articles. Threereviewers
assessed the 88 abstracts for inclusion and exclusion. Abstracts
that led to disagreement and/or uncertainty of relevance were
included in full review. Overall, 13 articles were protocols, 3
only had an abstract, 4 were dissertations, and 77 failed our
inclusion criteria. A total of 17 articles were then considered
for full review. Finally, 2 articleswere excluded after full review
asthey did not meet the inclusion criteria. An additional article
identified at the end-stage review was sent through full-article
review and added to the analysis, totaling 16 studies (see Figure
1). Descriptions of each of the included studies are found in
Table 1.
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Figure 1. Flowchart of search methods and exclusion process.

Initial Search = 126 abstracts

e PubMed: 84

e PsychINFO: 24

» SportDiscus: 2

s Google Scholar: 16

Leeetd

Removed:
o 14 duplicates

Abstract Review = 114 abstracts

e 3 reviewers
* Agsessed against inclusion and

h 4

s 2 out of date range
s 1 notin English
e 13 reviews

Added 18 abstracts extracted

exclusion criteria

» Disagreements or
uncertainties passed onto full
review

from review papers

Excluded:
e 13 protocols
e 3 abstracts-only e

Failed all 4
Inclusion:
77 abstracts

Full Article Review = 18 articles

o 2 reviewers

4

e 4 dissertations

1 article added that was

o  Assessed against inclusion and
exclusion criteria

found outside of searches

Fail all 4 Inclusion:

Included Articles = 16 articles

Participants

The 16 included studies differed greatly in size (11-607
participants) and location (7 countries). Of them, 8 studies
[23-30] took place in the United States and provide varying
breakdowns of racia and/or ethnic groups. For each of themain
races and/or ethnicities in the United States (white, Hispanic,
black, or Asian), there was at least 1 study per group that
sampled them in the majority.

Design and Setting

The included studies comprised 9 randomized controlled trials
[23-26,30-34], 1 comparative effectiveness trial [28], 3
quasi-experimental studies [35-37], and 3 not randomized or
controlled studies [27,29,38]. The most common recruitment
setting was at the school (8/16) [28,29,32-36,38], followed by
primary care (4/16) [23,26,27,37] and the community (4/16)
[24,25,29,31]. Most implementation occurs in a home
environment; however, the settings for measurements are split
among home, university, school, and primary care.

Study Components

Study components and PA outcomes are described in Table 2.
Primary mHealth intervention components for al included

http://mhealth.jmir.org/2019/2/€11847/

RenderX

h 4

e 2 articles

studies fell into the following categories. wearables, apps, and
websites, and about half of the studies utilized 1 component
and the other half used 2 or more mHealth components. The 5
mHealth intervention category combinations utilized were
website[24,28,35,37], website+wearable [ 25,26,29,33,36], app
[31,32,38], wearablet+app [23,27], and website+wearabletapp
[30,34]. The most common singular mHealth component is a
website. No studies used a wearable alone; however, it wasthe
most common component to be paired with another mHealth
component. Overall, 10 out of 16 studies [23-26,28,
30,31,33,37,38] isolated mHeath components as the sole
intervention method. Isolate refers to whether the intervention
either solely included mHeal th intervention components (versus
additional intervention components, as described in Table 2)
or the design of the study permitted an analysis that could look
at the individual effect of the mHealth component on the
PA-related outcome variable(s). Additiona intervention
components ranged from goal-setting guides to educational
seminars or group counseling and skills training. In the 12
controlled studies[23-26,30-37], 8 control groups were simply
advised to continue usual care or normal PA behaviors
[26,30-32,34-37].
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Table 1. Description of included studies.
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Author (Year), Country N

Age (years), mean (SD)
or range

Study design, duration, and arms

Setting

Cheneta®(2017) [23], UsA 40

Culleneta (2013) [24], USA 291

Direito et al (2015) [31], New 51
Zedand

Gaudet et al (2017) [36], Canada 23

Guthrie et al? (2015) [25], USA 182

Jimoh et a (2018) [38], United 34
Kingdom

Kennedy et d?(2017) [32], Aus- 607

tralia

Larsenet al (2018) [29], USA 21

Lau et a (2012) [35], Hong 78
Kong

Mendozaet al (2017) [30], USA 59

Patrick et al (2013) [26], USA 101

Schoenfelder et al (2017) [27], 11
USA

Slootmaker et d(2010) [33], the 87
Netherlands

Smith et d®(2014) [34], Auss 361

tralia

Sousaet a (2015) [37], Portugal 94

Whittemore et a (2013) [28], 384

USA

15 (1.56)

12-16

15.7 (1.2)

13(0.3)

12.7 (0.9)

16-19

14.1 (0.5)

14.7 (2.2)

12-15

16.6 (1.5)

14.3 (1.5)

155 (1.4)

13-17

12.7 (0.5)

12-18

15.31 (0.69)

RCTb; 3 months; Intervention and
control

RCT; 8 weeks; Intervention and con-
trol

RCT; 8 weeks; interventionsand 1
control

Quasi-experimental crossover; 7
weeks; Immediate intervention and
delayed intervention (each served as
control)

RCT; 6 weeks; Active control, pas-
sive control, and intervention

Not randomized or controlled; 8
weeks (4 with paper diary and 4 with

app)

Cluster RCT; 10 weeks; Matched
pairsrandomization at school level to
intervention or control

Not randomized or controlled; 12
weeks

Quasi-experimental; 8 weeks; Inter-
vention and control

RCT; 10 weeks; Intervention and
control

RCT; 12 months; 3 interventions and
1 control

Not randomized or controlled; 4
weeks

RCT; 3 months; Intervention and
control

Cluster RCT; 7 months; School-level
matched pairs randomization to inter-
vention or control

Quasi-experimental; Pre-post design
with control; 24 weeks

Cluster RCT; Class level; 6 months;
Comparison of 2 interventions

Primary care (recruitment); Home
(implementation); Web-based (mea-
sures)

Community (recruitment); Home
(implementation); Measurement un-
clear

Community (recruitment); Home
(implementation); University (mea-
sures)

School (recruitment); Home (imple-
mentation); Home (measures)

Community (recruitment); Home
(implementation); Measures unclear

School (recruitment, implementation);
Home (implementation and measures)

School (recruitment, implementation
and measures); Home (implementa-
tion)

School (recruitment); Community
(recruitment); Home (implementa-
tion)

School (recruitment, measures);
Home (implementation)

Survivor database and clinic (recruit-
ment); Home (implementation and
some measures)

Primary care (recruitment, someim-
plementation, and measures); Home
(implementation)

Primary care (recruitment); Home
(implementation and measures)

School (recruitment and measures);
Home (implementation)

School (recruitment, measures, and
implementation)

Clinic (recruitment, implementation,
and measures); Home (implementa-
tion)

School (recruitment, implementation,
and measures)

85jgnificant between-group results.
BRCT: randomized controlled trial.
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Table 2. Study components and physical activity outcomes.
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Study

Control group

mHealth interven-
tion component

Additional interven-
tion component

Physical activity
outcomes

Results

Chen et al? (2017) [23]

Cullen et a (2013) [24]

Direito et a (2015) [31]

Gaudet et al (2017) [36]

Guthrie et a® (2015) [25]

Jimoh et a (2018) [38]

Given Omron HJ>
105 pedome-
ter+blank food di-
ary+online program
with 8 modules on
general adolescent
health

Onlineprogramwith
educational materi-
als about nutrition
and PA, printable
goal sheets

Asked to continue
normal PA

Nothing given

Active: Received
Zamzee activity
monitors and Dance
Revolution video
game; Passive: Re-
ceived Zamzee activ-
ity monitors

No control

FitBit flex+iStart
Smart mobile app

Onlineprogramwith
educational materi-
a s about nutrition
and PA, role model
stories, online self-
monitoring, goal re-
view, and problem-
solving components

Immersive app:
Zombies Run! 5K
training; Nonimmer-
sive app: Get Run-
ning-Couch to 5K

FitBit Charge HR
and FitBit Web app

Zamzee activity
monitors+website
with monitor feed-
back and incentive
motivation

Smartphone app di-
ary for food and exer-
cise recording;

SMSPwith personal-
ized feedback

None

None

None

Taught SMART and
told to set goals

None

Paper diaries; In-
person meetings
with research team
to review paper di-
aries every 2 weeks

Number of days per
week with 60 min

MVPAP (9)

60 min of PA on5
days per week; (S%);
60 min of PA 7 days
per week; (S)

Cardiorespiratory
fitness (O); Timeto
run 1 mile (O);
Weekly PA (S);
Daily MVPA (O)

Daily MVPA (O);
Step Counts (O)

Daily MVPA (O)

Weekly PA (S)

Significanttime X groupin-
teraction for reported days
of PA®. Medium effect size

Post intervention, significant-
ly more adolescentsreported
being physically active for
>60min/day on all 7 days
(P<.001); 84% of adoles-
cents reported online pro-
gramwas hel pful for increas-
ing PA

No difference in VO, peak
between interventions and
control. No intervention ef-
fect for self-reported PA or
objective MV PA. Group as-
signment did not have signif-
icant effect on mean daily
MVPA. For those that used
app 3times/week, statitical-
ly significant declineintime
to run for nonimmersive app
compared with control

Theimmediate intervention
group A increased MVPA
by 10.9 min (P=.03) during
their intervention but Group
B did not significantly in-
crease during their interven-
tion. There were no signifi-
cant differencesin MVPA
between groups at any time
point. Students at baseline
that were in the adoption
phase experienced asignifi-
cant increase in MV PA by
more than 15 min/day

MVPA duration differed
significantly across groups
(P<.01). Intervention group
showed an average 15.26
min/day MVPA, whichis
49% greater than passive
control (P<.01) and 67%
greater than active control
(P<.01)

No significant differences
between app and paper diary
in reported volume of aero-
bic and strength training
during respective interven-
tion period

http://mhealth.jmir.org/2019/2/€11847/

RenderX

IMIR Mhealth Uhealth 2019 | vol. 7 | iss. 2 11847 | p.38
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH Leeceta

Study Control group mHealth interven-  Additional interven- Physical activity Results
tion component tion component outcomes

Kennedy et al? (2017) [32] Standard school pro-  Web-based smart- Interactive student ~ Upper body muscu- — Significant intervention ef-

cedures phone app seminars, structured |5 endurance (Of), fectsfor upper body muscu-
PA program, lunch-  |gwer body muscular lar endurance at 6 and 12
timefitness sessions strength (O), Daily months; Significant group-
MVPA (O), Car- by-timeinteractionsfor esti-
diorespiratory Fit- ~ Mated VO, max at 6
ness (), RTY skill moths; No significant inter-
vention effects for weekday
competency(O) MVPA. Significant group-
by-time effects for RTY skill
competency at 6 and 12
months

Larsen et a (2018) [29] No control Website with activi- One-on-one goal- Weekly MVPA (S)  Weekly MVPA increased
ty manuals matched  setting session; Tip from 24.7 min at baselineto
to current level of sheets for moms of 79.4 min at follow-up
motivationa readi-  participants (P<.01). Each participant
ness, tailored reports increased an average of 58.8
based on regular as- min/week (P<.01).
sessment, tip sheets,
local activity re-
sources, Pedometer

Lau et a (2012) [35] Nothing given Internet PA program  ny/abh Weekly PA (S) Significant increaseininter-
(behavioral skill vention group (P=.05) but
training, self-moni- not in control group (P=.34);
toring, tailored feed- however, theintergroup dif-
back, PA planner, ferenceswere not significant
chat room; SMS;

(virtual friend; mes-
sage types: behav-
iord skills, reinforce-
ment of PA benefits,
solutions for PA
barriers, motivation-
al, informational)

Mendozaet a (2017) [30] Usua Care FitBit Flex and Fit-  N/A Daily MVPA (O) Within-group changesin PA
bit app; Facebook from baseline to follow-up
group-team and indi- not reported. No significant
vidual motivation differencein daily MVPA
badges from staff, between theintervention and
and participant dis- the control group.
cussion of shared
experiences,

Phone/SM S L/week
to set goal; SMSev-
ery other day for re-
minder and encour-
agement
Patrick et a (2013) [26] Usual care All included: Pe- All 4 conditionsin-  Weekly MVPA (S)  No significant differences

dometer; Web only
group: program
website with Web
tutorialstweekly
check-in emails;
Web+group ses-
sions. program web-
sitewith Web tutori-
as, Web+SMS: pro-
gram website, 3 text
messages/week
(content, reminders,
or questionsto
counselor)

cluded: monthly
mailed tip sheets;
Web only: alsoin-
cluded weekly email
check-ins;
Web+group also in-
cluded monthly 90
min group behav-
ioral skills sessions
and bimonthly
phone callsfrom a
health counselor

observed for any PA out-
comes
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Study Control group mHealth interven-  Additional interven- Physical activity Results
tion component tion component outcomes
Schoenfelder et a (2017) No control FitBit flex+FitBit None Step Counts (O) Daily step counts averaged
[27] mobile app; Face- 8014. From baselineto 4
book group; Daily weeks, step count significant-
SMS ly increased by 3218 steps
(P<.01)
Slootmaker et @ (2010) Received brochure  PAM accelerome- None Weekly PA (S) Girlsin intervention group
[33] with general PA rec- ter+PAM coach significantly increased mod-
ommendations website erate PA after 3 months
(P=.04) compared with con-
trol, but effect disappeared
at 8 months.
Smith et al (2014) [34] Standard school pro- Pedometers; Smart-  Teacher professiona Weekly PA (O); No significant differencesin

Sousaet a (2015) [37]

Whittemore et al (2013) [28]

cedures

Standard treatment
program of clinical
evaluation, medical,
psychological, nutri-
tional, and PA coun-
seling

Comparative effec-
tiveness

phone app and web-
site

Next Step: e-thera-
peutic platform (edu-
cation, self-monitor-
ing, social support,
interactive training,
and motivational
tools)

HEALTH[e] TEEN
website (lessons,
goal setting, self-
monitoring, health
coaching, and social

development; Parent
newsletters; Re-
searcher-led semi-
nars; Enhanced
school sport ses-
sions; Lunchtime
PA-mentoring ses-
sions

Standard treatment
program of clinical
evaluation, medical,
psychological, nutri-
tional, and PA coun-
seling

CST-coping skills
training, combined
with websitefor one
of theintervention
groups

Weekly MVPA (O);
RT Skill competen-
cy (O); Upper body
maximal strength
and endurance (O)

Weekly PA (S)

Days per week 60
min MVPA. (S);
Days per week of
muscle strengthen-
ing (S)

overall PA counts or MV-
PA; Significant intervention
effect on upper body muscu-
lar endurance (P=.04) and
RT skill competency
(P<.01)

Significant improvement in
PA inintervention group
(P<.03)

In both groups, adolescents
significantly increased MV-
PA over 6 months. No time
effects for muscle strength-
ening.

networking)

85jgnificant between-groups results.

MV PA: moderate-to-vi gorous physical activity.
®PA: physical activity.

ds; subjective measure.

€SMS: short message system.

for objective measure.

9RT: resistance training.

AN/A: not applicable.

Physical Activity Outcomes

The PA outcomes reported can be divided into 5 categories:
days per week meeting activity guidelines, cardiorespiratory
fitness, MVPA, general activity, muscular strength, and
competency. Within each of these categories, individual
measures can be isolated by the amount of time they capture
and whether they are subjective or objective measures. Parsed
out, there are 18 total PA outcomes measured among the 16
studies included (see Table 1, column titled Physical Activity
Outcomes). A total of 8 measures appear in more than 1 study,
the most common being objective daily MVPA (5/13)
[25,30-32,36] followed by subjective weekly PA (5/16)
[31,33,35,37,38]. Of the 18 PA outcome measures, 44% were
subjective, self-reported measures. Significant improvement in
a PA outcome over time in the group with the mHealth

http://mhealth.jmir.org/2019/2/€11847/

intervention was observed for all but 2 of the eligible included
studies (ineligible: Direito et a and Mendoza et al, which did
not present results for this type of analysis); however, this
improvement was not always unique to the intervention group.
Of the 13 studiesthat contained a control or comparison group,
only 5 [22,24,31,32,33] showed an improvement in a PA
outcome that was significantly different from the results of the
control or comparison group. Within the 5 studies that showed
significant results for between-groups analyses, 3 studies
[22,24,32] isolated the mHealth component in the intervention.
In addition, 2 of the 3 studies utilized a website and wearable
intervention [24,32] and 1 utilized an app and awearable[23].
The PA outcomes that improved in the 3 studies were objective
daily MVPA [25], subjective weekly PA [33], and number of
days per week of 60 min of PA [23], respectively.
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Table 3. Mobile health intervention components and significant improvement in physical activity outcomes.
Study and modality Duration 212weeks  |ncreasing PA? outcome Increasing PA outcome be- Isolated the mHealth
over timein experimental  tWeeN groups or group x time  component

group or al groups

Website
Lau et a (2012) [35]

[ Weekly MVPAP (s9)

Cullen et a (2013) [24] 060 min PA 7 days/week O
)
Whittemore et a (2013) [28] a O # days/week meeting O
MVPA rec (S)
Sousa et a (2015) [37] O 0 Weekly PA (S) O
App
Direito et a (2015) [31] Not reported O

Kennedy et a (2017) [32]

O Upper body muscular en-
durance (Od), cardiorespira-
tory fitness (O), RT® skill

O Upper body muscular en-
durance (O), cardiorespiratory
fitness (O), RT skill competen-

competency (O) o (©)
Jimoh et a (2018) [38] Not applicable O
Wear able+Website
Slootmaker et a (2010) [33] 0 Weekly PA (S) 0 Weekly PA (S) O

Patrick et al (2013) [26]
Guthrie et a (2015) [25]
Gaudet et a (2017) [36]

O Daily MVPA (O)
0 Daily MVPA (O)

O

0 Daily MVPA(O)

Larsen et a (2018) [29] ad O Weekly MVPA (S) Not applicable
Wear abletApp
Schoenfelder et a (2017) [27] O Step count O Not applicable
Chen et al (2017) [23] 0 O # days’week 60 min PA [ # daysiweek 60 min PA (S) O

®
Wear abletWebsitetApp
Smith et a (2014) [34]

O Upper body muscular en-

O Upper body muscular en-

durance (O) and RT skill durance (O) and RT skill com-
competency (O) petency (O)
Mendoza et a (2017) [30] Not reported O

8PA: physical activity.

MV PA: moderate-to-vi gorous physical activity.
CS: subjective measure.

do: objective measure.

ERT: resistance training.

A total of 5 different groupings of mHealth componentsin the
intervention  groups (app, wearabletapp, website,
websitetwearable, and websitetwearabletapp) among 16
studies prevent thisreview from being ableto identify aspecific
mHealth component as most effective for promoting PA in
adolescents. Furthermore, research designs from included
interventions did not alwaysisol ate the mHeal th component for
analysis on its sole effect on PA outcomes. The 3 studies that
showed significant intervention effects on a PA outcome and
isolated the mHealth component in the intervention included 1
study with a wearabletapp and 2 studies with a
website+wearable. Finally, we considered interventions with a
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duration longer than 12 weeks as thisis frequently observed as
the break-up point with respect to adherence. See Table 3 for a
visual summary of mHealth components and corresponding
improvement in PA outcomes.

Interventions included multiple therapeutic modalities to
improve health outcomes, which makesit difficult to disentangle
the separate effects for each modality. The extreme diversity in
PA outcomes reported across studies also makes comparison
among mHealth components challenging. Table 3 expands upon
Table 2 and presents a visual representation of PA outcomes
that significantly improved compared with the mHealth modality
implemented. The main reasons for diversity of PA outcomes
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reported were each measure’s time unit and whether it was a
subjective or objective measure. Roughly half of the measures
were subjective, self-reported measures, and asystematic review
by Adamo et a showed that self-reported PA datain apediatric
population are often overestimated compared with objective
measures of PA, thus caution should be exhibited when
interpreting these results [39].

Discussion

Principal Findings

This scoping review synthesizes intervention findings from 16
studies that measured the efficacy or effectiveness of mHealth
to improve PA outcomes in adolescents. Our review identified
10 randomized control trias, 3 of which are cluster trials, 3
guasi-experimental interventions with control, and 3 studies
without a control group. An initial observation indicates that
interventionswith an mHealth component could lead to general
improvement in PA outcomes over time, as was observed in 12
of the 16 studies. However, when specifically considering
studies with a control group, only 5 of 13 showed a significant
intervention effect, and an additional 5 of 13 showed
improvement among all groups. Of the studies with a control
group and objective assessments of PA outcomes, 3 showed
statistically significant improvementsin theintervention groups
compared with the control groups.

Itis particularly interesting to see that a magjority of the studies
included in this scoping review are randomized controlled trials
or cluster randomized controlled trials, which are evidently far
stronger interventions to demonstrate effect significance.
Therefore, despite the small number of studieswith asignificant
intervention effect and objective measurements of PA, we do
not think that this scoping review indicates that mHealth
interventions are inappropriate to be used to improve PA among
adolescents. However, we believe that this forces us to rethink
how to use mHealth and how we build mobile apps. Given the
growing body of literature showing the impact of mHealth
interventions on behavior change [2,6,40,41], we surmise that
this is more a reflection of the quality of the mobile apps
[12,42-44] and their appropriateness to the specific population
we are considering. There is reasonable evidence that apps
developed in collaboration with their potential users are more
likely to be used and to be effective [45,46]. Therefore, mHealth
researchers interested in PA in adolescents should consider
building their interventions with their target population from
the very beginning. In this review, the study by Chen et al [23]
was one of the few studiesthat found an intervention effect and
the only one to create an adolescent stakeholder group for
intervention development. Thisis particularly important given
the rapid growth of app development. The company Flurry
tracks app usage across platforms (iOS and Android). It has
observed a 330% growth in health and fitness app usage over
the past 3 years [47]. In the meantime, Statista reports that the
global mHealth market grew from $21.1 billion in 2016 to $40
billion in 2018 and is expected to reach a staggering $332.7
billion by 2025 [48].

Interestingly, 3 of the 13 controlled studies looked specifically
at improvements in muscular strength and conditioning, and 2
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of them showed significant improvement. One could conjecture
that strength training faring better than aerobic conditioning is
simply a reflection of preferences of the specific population
under study, particularly boys. Unexpectedly, there was a lack
of interventions that leveraged gamification, for example,
Pokémon GO-type approaches, or competition-type
interventions using apps, such as Strava (Strava.com), that allow
asynchronous competition in a social media environment.
Pokémon GO has been shown to significantly increase the
number of young adults who reach 10,000 steps per day [49],
and some research shows that gamification could be appealing
to adolescents [50].

Recruitment settings mirrored common sites for recruitment in
intervention trialsthat have pediatric or adolescent popul ations,
but the portability of mHealth interventions permitted most
studies to use home-based implementation. Home-based
implementation reduces participant transportation burden and
cost. Measures were spread among 4 different sites, but this
was because many of the included studies incorporated
biological measures that cannot be measured on the Web or
through an app, such as cardiorespiratory fitnessand lower body
muscular strength. Less than half of the studies were of a
duration longer than 12 weeks, thusit is difficult to discern any
long-term behavior changes as most studies did not extend far
enough to evaluate PA outcome maintenance beyond the usual
12-week end point.

mHealth intervention components utilized within the studies
included apps, wearables, and websites. The wearable is the
only mHealth component that did not function as a solo
intervention component but was always paired with an app or
website. Innovations in technology have resulted in most new
wearables pairing with an app or website that provides data
feedback to the user, with some permitting a social network
component, which could explain this observation.

Strengths and Weaknesses

A limitation of scoping reviews is that because of their broad
and less targeted approach compared with a traditional
systematic review, quantitative results cannot be pooled to
understand the effect size of mHealth technologies on PA
outcomes in adolescents. However, the purpose of a scoping
review methodology is to be broad reaching [20], which is
appropriate in the context of mHealth and PA interventionsin
adolescents. A second limitation arises from the search
methodology. There is a possibility that because of different
databases requiring modifications of search methods, relevant
studies may have been missed. Thisis primarily aconcernwith
our Google Scholar search asthe search enginewould not adhere
to our Boolean arguments, requiring large amounts of individual
title sorting by 1 reviewer (AML). In addition, scoping reviews
do not seek to assessthe quality of evidenceor provide agrading
of recommendations assessment, development and evaluation
for the included studies; therefore, we cannot comment on the
strength or generalizability of the findings [20]. A strength of
this review is that it provides a quick snapshot of research
conducted in the last decade in the adol escent target popul ation
and includes severa different kinds of mHealth tools that are
employed in intervention work. Even though there have been
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reviews pertaining to the use of mHealth and PA among teens,
to the authors' knowledge, this paper is the first review to
summarize newer tools, such as app and wearabl e interventions,
on PA outcomes for adolescents. Thisis particularly important
given the pace at which technology evolves especially with
respect to accuracy of measurements and integration.

Conclusions

In conclusion, the use of mHealth to improve PA in adolescents
isan emerging field, complicated by frequent changein therate
at which new technologies develop. There is limited research
about the efficacy and effectiveness of each mHealth modality,
and future research designs need to provide avenuesfor analysis
of the effect of the mHealth component alone on PA outcomes
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in adolescents in addition to the combined effect of the total
intervention, if applicable. As there is a diversity of mHealth
modalities, a reported component analysis of the specific
modality utilized in astudy, for example, an app, could provide
information to compare it with other apps utilized in other
studies. For example, apps can have socia networking
components, notifications, reward systems, gaming features, or
education modules, al of which could affect PA outcomes
differently; therefore, future work could be improved if these
qualities were mapped out for comparison. In this sense,
mHealth modalities could be evaluated as efficacious or
effective on the basis of component analysis versusreferring to
their general category such as website, app, or wearable.
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Abstract

Background: Nutrition and physical activity interventions areimportant components of cancer care. With an increasing demand
for services, thereisaneed to consider flexible, easily accessible, and tailored models of care while maintaining optimal outcomes.

Objective: This systematic review describes and appraises the efficacy of technology-supported self-guided nutrition and
physical activity interventions for people with cancer.

Methods: A systematic search of multiple databases from 1973 to July 2018 was conducted for randomized and nonrandomized
trial sinvestigating technol ogy-supported self-guided nutrition and physical activity interventions. Risk of biaswas assessed using
the Cochrane Risk of Biastool. Outcomes included behavioural, health-related, clinical, health service, or financial measures.

Results. Sixteen randomized controlled trials representing 2684 participants were included. Most studies were web-based
interventions (n=9) and had a 12-week follow-up duration (n=8). Seven studies assessed dietary behaviour, of which two reported
asignificant benefit on diet quality or fruit and vegetable intake. Fifteen studies measured physical activity behaviour, of which
eight studies reported a significant improvement in muscle strength and moderate-to-vigorous physical activity. Four of the nine
studies assessing the health-related quality of life (HRQoL) reported a significant improvement in global HRQoL or a domain
subscale. A significant improvement in fatigue was found in four of six studies. Interpretation of findings was influenced by
inadequate reporting of intervention description and compliance.

Conclusions:  This review identified short-term benefits of technology-supported self-guided interventions on the physical
activity level and fatigue and some benefit on dietary behaviour and HRQoL in people with cancer. However, current literature
demonstrates alack of evidence for long-term benefit.

Trial Registration: PROSPERO CRD42017080346; https://www.crd.york.ac.uk/prospero/display_record.php?Recordl D=80346

(IMIR Mhealth Uhealth 2019;7(2):€12281) doi:10.2196/12281
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Introduction

It isestimated that over 32 million people are living with cancer
worldwide [1], and the predicted global incidence of cancer is
estimated to increase from 14 million new casesin 2012 to more
than 17 millionin 2020 [1]. Cancer isnow considered achronic
disease, and the number of cancer survivorsinthe United States
is estimated to exceed 20 million by 2026 [2]. This rapid
increase is adding pressure on health care systemsto cope with
the growing number of people requiring treatment while
maintaining high-quality health care. Asaresult, thereisaneed
to consider aternative, easily accessible, and flexible models
of delivering care, in particular, supportive care interventions,
to people with cancer in order to reduce the demand for clinical
resources while maintaining optimal clinical and health
outcomes.

Nutrition and physical activity interventions are vita
components of cancer care[3]. Prevalence studies demonstrate
that as many as 40% of cancer patients are affected by
malnutrition, which is associated with increased mortality and
health care costs and poor health-rel ated quality of life (HRQoL)
[4-6]. Sarcopenia, theloss of skeletal muscle mass, strength, or
function, is present in 25%-57% of cancer patients and is an
independent predictor of survival [7-9]. Nutrition and exercise
interventions can improve muscle mass, muscle strength,
physical function, nutritional status, fatigue, and HRQoL for
people undergoing cancer treatment [4,5,10,11]. Preliminary
evidence also shows potential for improved survival from
nutrition interventions delivered throughout treatment [12,13].
Conversely, obesity after treatment completion is associated
with reduced cancer survival; nonetheless, less than 20% of
cancer survivors meet the dietary recommendations and less
than 50% meet the physica activity recommendations,
demonstrating a clear role for interventions to support healthy
eating behaviors and increased physical activity [14-19].
Nutrition and physical activity interventions, particularly in
survivors of breast cancer and men with prostate cancer treated
with androgen-deprivation therapy, have been shown to produce
clinically meaningful, beneficial weight loss or improvements
in muscle mass and cardiometabolic health outcomes (eg,
reduced insulin resistance and low-density lipoprotein
cholesterol levels) [20,21]. Further, exercise training following
a cancer diagnosis has a protective effect on cancer-specific
mortality, cancer recurrence, and all-cause mortality [10].

Technol ogy-based platforms such astheinternet, mobile phone
or tablet apps, and telehealth and wearable devices provide a
unique opportunity to deliver broad-reaching interventions and
health care to people with cancer. In the general population,
technology-supported  nutrition and physica  activity
interventions have demonstrated positive, albeit modest, benefits
of increasing physical activity levels, reducing dietary fat intake,
and increasing fruit and vegetable consumption [22-24]. In
cancer populations, arecent systematic review and meta-analysis
investigated digital health behavior-changeinterventions, which
targeted diet and physical activity in cancer survivors[25]. The
authors reported a mean improvement of 41 minutes per week
of moderate-to-vigorous physical activity levels (P=.006) and
a pooled reduction in body mass index (BMI)/weight of —0.23

http://mhealth.jmir.org/2019/2/€12281/
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(P=.011) with the use of digital interventions. However,
technology-supported  interventions may  ill - require
considerable facilitation by a health professional and use of
clinical resources, inhibiting their practicality within usual care
[26]. Inthe context of the growing demand for supportive health
care in the cancer setting, technology-supported nutrition and
physical activity interventions that are primarily self-guided
have the potential to deliver broad-reaching interventionsusing
minimal clinician resources. “ Self-guided” refersto interventions
delivered with minimal or no facilitation by ahealth professional
and is a key component for improving sustainable dietary and
physical activity behavior change. However, the efficacy of
self-guided nutrition and physical activity interventions for
people with cancer is yet to be established. This systematic
review aims to describe and appraise the literature on the
efficacy of technology-supported self-guided nutrition and
physical activity interventions for people with cancer.

Methods

Reporting Guidelines

This systematic review was performed in accordance with the
reporting requirements of the PRISMA statement [27]. The
protocol was registered in the PROSPERO database with the
reference number CRD42017080346 [28].

Search Strategy

The following databases were searched for peer-reviewed,
English-language papers from 1973 to July 2018: Medline
Complete, Scopus, CINAHL, EMBASE, Cochrane Library,
and SPORTDiscus. The search terms included (Cancer OR
oncology OR tumour OR malignancy OR malignant neoplasm)
and (online OR internet OR “web-based” OR website OR
ehealth OR app OR apps OR application OR mobile application
OR smartphone OR mobile phone OR cell phone OR Mhealth
OR telehealth OR telemedicine OR technology) and (nutrition
OR diet OR physical activity OR exercise). Reference lists of
relevant articles were manually searched to identify additional
articles.

Selection Criteria

Studieswere eligiblefor inclusion if they were original research
studies on adult participants aged =18 yearswho were diagnosed
with any type of cancer at any stage prior to, during, or after
cancer treatment, including cancer survivors, and received any
treatment modality. Studies were included if they investigated
a technology-supported nutrition and physical activity
intervention that was largely self-guided and if the technology
was accessed primarily outside the clinical setting. An
intervention was deemed self-guided when there was minimal
or no facilitation by a clinician. Minima facilitation could
encompass activities such as occasional email reminders, an
introductory session on navigating the technology platform, or
initial exercise prescription. Technology platforms for
intervention delivery could be online, mobile phone, or tablet
apps or wearable technology. The intervention content needed
to focus on nutrition and physical activity. For the purpose of
this paper, physical activity also includes exerciseinterventions.
Interventions that included nutrition or physical activity as part
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of a broader suite of lifestyle or wellness interventions were
excluded, unless nutrition or physical activity was a major
component of the intervention, comprising at least a quarter of
the content together. Studieswere required to have acomparator
group that could include active controls such as usua care,
waitlist controls, or no treatment. Pilot studies that focused on
feasibility and acceptability alone were excluded. Outcomes
were any measuresfocused on health-related (eg, quality of life
andfatigue), clinical (eg, weight and body composition), health
service (eg, resource utilization, hospital admissions, and patient
satisfaction), behavioral (eg, dietary intake and physical activity
level), or financial outcomes (eg, cost to patients).

Data Extraction and Quality Assessment

Titles and abstracts were screened for eligibility by two
independent reviewers (NK and BB) to exclude articles that
were clearly irrelevant. Full-text articles were retrieved and the
selection criteria were applied independently by the same two
reviewers. Any discrepancies were resolved by discussion.

Each included study was assessed for biasindependently by the
first author and one of the other authors using the Cochrane
Risk of Biastool [29]. Seven categories were examined to assess
selection bias, performance bias, detection bias, attrition bias,
reporting bias, and other sources of bias and rated as high risk,
low risk, or unclear risk. Ratings were compared and a
consensus was reached through discussion. As some of the
categorieswere open to interpretation, all authors agreed onthe
following: (1) arating of low risk for performance bias as the
nature of these interventions indicated that blinding was not
possible and the findings were not likely to be influenced by
thelack of blinding, unlessanother reason wasidentified torate
otherwise and (2) in the absence of blinding, detection biaswas
rated aslow risk if the outcomeswere objectively assessed, and

Figure 1. Selection process.
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as high risk if outcomes were behavioral or patient reported.
All studies were included regardless of the bias rating. The
Behaviour Change Taxonomy by Michie et al (2013) was used
to describe the type of behavior-change techniques reported
within each included study [30]. The heterogeneity of studies
and diversity of outcomes indicated that the quantitative
synthesis of data was not appropriate.

Results

Study Selection

Theliterature search identified atotal of 3346 articles, and eight
more articleswereidentified from the referencelists of relevant
papers. Of the total, 18 articles representing 16 studies were
included in the systematic review. Two studies were reported
in two separate papers each. One of these studies reported on
different outcomes in separate papers [31,32]; the other study
reported on outcomes at 6 months [33] and 12 months [34] in
separate papers. All articles are included, but the findings are
presented as a single study. Figure 1 describes the selection
process.

Overview of Included Studies

Tables 1 and 2 present the characteristics of all included studies.
All studies were randomized controlled trials presenting data
from 2684 participants. The duration of follow-up ranged from
10 weeks to 12 months, and five studies reported follow-up
duration of =6 months. Comparator groups included waitlist
controlsin six studies[32,35-38], active controlsin five studies
[39-43], usual carein four studies[33,44-46], and no treatment
controls in one study [47]. Three studies used more than one
comparator group, one of which used two active controls [45],
one used a no-treatment control and two active controls [46],
and one used awaitlist control and an active control [37].
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Studies included in
qualitative synthesis
(n=16)

)

e Nofulltext (n=1)
® Protocol (n=1})

® Not in cancer patients (n =1)

Included

[

http://mhealth.jmir.org/2019/2/€12281/

RenderX

& Healthy control group (n=2)

* Comparison of baseline data only
(n=1)

o Feasibility only reported =1

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 2 |€12281 | p.49
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

Table 1. Characteristics of the included studies.

Kisset al

Author, year, Participants Study design - Behavior-changetechnique®  INtervention Type of
country control
group
Self-guided component Facilitated component
Bantumet  Cancer sur- Two-arm Goad setting (behavior) Six web-based modulesof ~ Baseline training of the Waitlist
a, 2014, vivorsbetween Rt Feedback on behavior 22 topics, including healthy  website content and weekly  control
United 4wk and5y - eating, exercise, stressman-  goal setting of health behav-
States [36] posttreatment Self-moritoring qf out- agement, communication,  ior change was discussed
N=352 come(s) of behavior and fatigue management, ~ with afacilitator on the
c " Social support (unspecified)  accessed over 6 weeks website
ra(;g:s;g% Instructions on how to per-
) form a behavior
Retention . .
rate=86% Social comparison
Credible source
Forbeseta, Breastor Two-arm Goal setting (behavior) Nine web-based exercise Weekly email updatesabout  Waitlist
2015, Cana-  prostate cancer RCT Problem solving behavior-change modules,  new information and brief  control
da[35] survivors . sequentially published over summary of previous week
N=95 Feedback on behavior a9-week period, including  paC |ayg
Self-monitoring of behavior  exercise safety, goal setting,
t:att)gzsgr;t% Social support (unspecified) benefits, barriers, and
: Instructions on how to per- strategles onc Qmpllance to
Retention . P  Participantslogged
form a behavior exercise c1pantsiogg
rate=88% . . step countson an accelerom-
Socia comparison eter website
Credible source
Socid reward
Galiano- Breast cancer  Two-arm Feedback on behavior Web-based 8-week interven-  Basdlinefamiliarity withthe Waitlist
Cadtilloeta, survivors RCT Instructions on how to per- tion providing accessto 24  content to individualize the  control
2016 & N=81 form a behavior exercise sessions, 3 per exercise training. Instant
2017, Spain . week, tailored to partici- messages and video confer-
[31,32] Consent) D emonstration of the behay- pants, including warm-up,  ence were available if re-
rate=89% 1or resistance and aerobic exer-  quested by the participant
Retention Credible source cise, and cool down to meet  for further exercise support
rate=88% The American College of
Sports Medicine recommen-
dations for cancer survivors
Gnagarella  Anycancerdiag- Two-arm Instructions on how to per-  Web-based 6-month inter- ~ Optionto interact withfacil-  Active
etal, 2016, nosisduringor RCT form abehavior vention with access to itator upon request control
Italy [39] after treatment Information about health weekly forums, blogs, and
N=125 consequences content on healthy eating to
) reduce treatment symptoms,
Consent Credible source control weight l0ss, or
rate=28% maintaining body mass and
Retention guidelinesfor healthy eating
rate=59%
Kaneraetal, Cancer sur- Two-arm Goad setting (behavior) Web-based interventionover No facilitation Usual
2016 & vivorsbetween RCT Problem solving 6 months with 8 modul es of care
2017, 4wk and 56 wk . ) videos, written content, goal
Netherlands  posttreatment Action planning setting, action planning, and
[33,34] N=462 Discrepancy between cur-  problem identification in-
c " rent behavior and goals cluding nutrition, exercise,
onsent Feedback on behaviors smoking, fatigue, anxiety,
rate=36% . . and depression
Retention Self-monitoring of behaviors
rate=82.5% Instructions on how to per-
form abehavior
Information about health
consequences

Socia comparison
Credible source
Pros and cons

http://mhealth.jmir.org/2019/2/e12281/ JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 2 |e12281 | p.50

(page number not for citation purposes)

RenderX


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

JMIR MHEALTH AND UHEALTH

Kisset al

Author, year, Participants Study design  Behavior-changetechnique?  INtervention Type of
country control
group
Self-guided component Facilitated component
Krebs et aI Breast or Two-arm Godl setting (behavior) DVDY%based intervention ~ No facilitation Usual
2017, United  prostate cancer  RCT Problem solving over 12 weeks of nutrition care
States[44]  survivors Feedback on behavior and exercise advice, derived
N=86 . it from the American Cancer
Consent Socidl support (unspecified) Saociety guidelines for can-
rate=53% Instructions on how to per-  cer survivors. Components
Retention form abehavior included enhancing knowl-
rate=79% Credible source edge, developing positive
° expectations, reducing barri-
ers, and supporting self-effi-
cacy
Leeetd, Breast cancer ~ Two-arm Goal setting (behavior) Web-based 12-week inter-  30-mintrainingonusingthe Active
2014, South  survivors RCT Problem solving vention with participants Web-based platform control
Korea [40 -
[40]  N=59 Action planning encouraged by SMS®to ac-
Consent Discrepancy between cur- ces?thte ?lgei? We?{bﬁsed
rate=50% rent behavior and goal content biweeiTy, which
. covered enhancing exercise
rR;ei'g'?oo/n Feedback on behavior and diet behaviors, barriers
° Self-monitoring of behavior and diet, or exercise guide-
Instructions on how to per- lines for cancer survivors
form the behavior
Information about health
consequences
Credible source
Mayer etal, Colon cancer Two-arm Goal setting (behavior) Six-month mobile app Personal trainer availableto Control
2014, United  survivors be- RCT Self-monitoring of behavior physical activity interven-  answer questions in discus-
States[49]  tween 6 wk Social ified tionincluding skill building, sion groupsandinitiateindi-
postoperation cial support (unspecified) information provision, and  vidually tailored private
and 12 mo post- Instructions on how to per-  support servicesdesignedto  messagesto inactive partici-
diagnosis form a behavior increasedaily activity levels. pants
N=284 Credible source New content added over the
period of the intervention
Consent
rate=54%
Retention
rate=80%
Ormel eta, Anycancerdiag- Two-arm Self-monitoring of behavior  12-wk mobile app physica  No facilitation Usua
2018, nosisduringac- RCT Prompts/cues activity intervention consist- care
Netherlands  tive systemic , ing of physical activity ad-
[48] treatment or Credible source vice and self-monitoring
survivorship
N=32
Consent
rate=53%
Retention
rate=96%
Pope et d, Breast cancer  Two-arm Problem solving 10-wk smart watch and Tutorial on the use of the Active
2018, United  survivorswho ~ RCT Social support (unspecified) Facebook interventionin-  smart watch and Facebook  control
States[41]  completed treat- | . h cluding astrength and aero-  page. Participants contacted
ment 3moto 10 fnstructg;qns onhow ©OPe-  hic traini ng program plus by researchers every other
y prior orm abenavior accessto aprivate Facebook  week to encourage continua-
N=30 Demonstration of thebehav-  page for delivery of health  tion of theintervention
1or education tips
Consent Credibl
rate=77% redible source
Retention
rate=67%
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Kisset al

Author, year, Participants Study design  Behavior-changetechnique?  INtervention Type of
country control
group
Self-guided component Facilitated component
Rabinetal, Young adult Two-arm Goal setting (behavior) Web-based 12-wk interven-  One-off induction to the Active
2011, United cancer sur- RCT Feedback on behavior tion with accessto purpose- website control
States[42]  vivors(18-39y) - . fully designed website pro-
N=18 Self.—monltorl ng of beh.a\.nor viding information on
Consent Social support (unspecified) weekly goal setting and PA
S Instructions on how to per- ~ resourcesindividually tai-
0 form the behavior lored to the stage of change
Retention .
rate=94% Information about health mﬂ:fﬁgﬁﬁk gsgétne:ai res
consequences ya
Credible source
Sqjid et al, Menaged=65 Three-arm  Self-monitoring of behavior Intervention arm 1: Wear-  Both arms: 45-min exercise  Control
2016, United y with prostate RCT Instructions on how to per- abledevice-based 6-wk inter-  introduction with an accred-
States [45] cancer on hor- form the behavior vention plusinstructionsfor ited exercise physiologist
mone therapy D stration of the beh safe aerobic and tailored re-  and weekly reminders for
N=19 bemonsiralion of thebenav- - g gance traj ning exercise,  completion of diary and pe-
tor and total steps per day dometer assessments
Consent rate, Graded tasks )
not reported Intervention arm 2: Wear-
Retenti abledevice plusanindividu-
o er%g;; ally tailored Wii-Fit exercise
rale=osvo program for 6 wk
Uhmet d, Breast cancer ~ Two-arm Feedback on behavior Mobile app and wearable  Physiatrists prescribed the  Active
2017, South  survivors RCT Self-monitoring device-based 12-wk interven-  amount of 90-150 min of control
Korea[43]  N=356 | . h tion. Content and instructive moderate-intensity aerobic
C i rat fnstrut(;]tlogleshon_ OW T0 PEr- i deos with PA goalswere  exercise and 4-8 resistance
n;ngor;£’ orm the behavior available on the mobile app  training exercises
Reten Graded tasks based on a2MWT' at base-
eterg|5c(>)/n line. Content on the mobile
rae=95% app was additional tothe fa-
cilitated exercise program
Valanceet  Breastcancer  Four-arm Self-monitoring of behavior ~ All groups wereinstructed  No facilitation Control
al, 2007, SurvIvors RCT Instructions on how to per-  to perform 30-min MVPAY
Canada[46] N=377 form the behavior 5 d/wk over a 12-wk inter-
Consent Credible source vention.
rate=25% Intervention arm 1: Wear-
Retention able device and documents
rate=89.7% to record daily step total

Intervention arm 2: Wear-
abledeviceplus self-perusal
of guidelines for exercising
among breast cancer sur-
vivors and a document to
record daily step total

Intervention arm 3: Self-pe-
rusal of guidelines for exer-
cising among breast cancer
survivors
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Kisset al

Author, year, Participants Study design  Behavior-changetechnique?  INtervention Type of
country control
group
Self-guided component Facilitated component
Valleet al, Breast cancer  Three-arm  Goal setting (behavior) Intervention arm 1: Web- Both intervention arms: 1-h  Waitlist
2017, United survivors RCT Problem solving based with mobile compan- face-to-face nutrition con-  control
States[37]  N=35 ) ion app providing 24-wk in-  sult, 24 weekly emails of
c Godl setting (outcome) tervention on nutritionand  behavior change to reach
ai’”sjnof, ’ Feedback on behavior PA for body weightand ~ 150-225 min of moderate-
rate=ruv Self-monitoring of behavior Weekly email of standard-  intensity PA and for energy
Retention o ized content on behavior- reduction by 100 kcal
raie=94% gﬂeﬁgglrr\‘/si?r:gﬂ(fﬁ;ndi(ig change strategies related to  through dietary intake, and
i weight loss. Web or mobile tailored feedback on weight
Instructions on how to per-  anp accessed to log body ~ were provided
form abehavior weight and PA
Information about health  |ntervention arm 2: Same as
consequences intervention arm 1 plus a
Graded tasks wearable device and addi-
Credible source tional education on steps per
day and meeting the steps-
Self-talk per-day recommendations
Yunetal, Cancer sur- Two-arm Monitoring outcome(s) of ~ Web-based 12-wk interven- No facilitation Waitlist
2012, Korea vivors<24mo RCT behavior by otherswithout  tion via seven education control
[38] posttreatment feedback modules with personally
N=273 Social support (unspecified)  tailoredinformation on ener-
C t Instructi how t gy conservation, PA, nutri-
atonsggo/ fn ru t')gﬂs onnowto per- ign, sleep hygiene, pain,
rae=6v orm abenavior distress management, and
Retention Credible source information on fatigue
rate=89%

@etermined from Michie et al [30].

BRCT: randomized controlled trial.

®PA: physical activity.

dDVD: digital video disk.

€SMS: short message service.

FoMWT: 2-minute walk test.

9MV PA: moderate-to-vigorous physical activity.

Sample sizes ranged from 18 to 462 participants. Thirteen
studies included cancer survivors of a variety of cancer types,
with a majority of breast or prostate cancer survivors
[32,33,35-38,40-44,46,48]; one study included participants
receiving active cancer treatment [45]; and two studiesincluded
participants who were at any cancer stage prior to, during, or
after cancer treatment [39,49].

Nine studies examined a physical activity intervention
[32,35,41-43,45,46,48,49], one study examined a nutrition
intervention [39], and six studies examined acombined physical
activity and nutrition intervention [33,36-38,40,44]. Of the
studies that examined a combined intervention, three were part
of abroader suite of interventions encompassing areas such as
fatigue management, stress management, and pain; however,
nutrition and physical activity were major components of these
interventions [33,36,38].

Participation rates for the studies ranged from 25% to 89%
(median=53%), and four studies reported a consent rate of
>70%. However, once enrolled in the studies, participant
retention was generally high, with 12 of the 16 studiesretaining

http://mhealth.jmir.org/2019/2/€12281/

>80% of participants over the study duration. Methods for
measuring uptake and adherence to the intervention, including
the proportion of patientswho accessed theintervention content
and the average number of logins to the intervention website,
varied considerably, making comparison between studies
challenging. Four studies did not report on uptake or intervention
adherence [39,43,45,49].

Studies used between 3 and 11 (median=5.5) behavior-change
techniques, and provision of instructions to perform a behavior
was the most common technique used in all but one of the
included studies. Other commonly used techniques included
Credible Sourceto deliver information (14 studies), self-monitor
behavior (11 studies), and provide feedback on behavior (9
studies). In some studies, insufficient description of the
intervention prevented a full analysis of the behavior-change
techniques employed [38,39,46,49]. Insufficient description of
theintervention also limited the ability to assessthe quality and
content of theinterventions. However, 14 of theincluded studies
used abehavior change technique—Credible Source—meaning
the content was provided by a source that was considered
reliable.
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Table 2. Outcome measures and findings of the included studies.

Kisset al

Author, year, country

QOutcomes

Intervention uptake

Between-group findings

Bantum et al, 2014,

United States [36]

Forbes et al, 2015,

Canada [35]

Galiano-Castillo et al,
2016 & 2017, Spain

[31,32]

Gnagarellaet al, 2016,

Italy [39]

Kaneraet a, 2016 &
2017, Netherlands

[33,34]

Krebset al, 2017, Unit-

ed States [44]

Leeet a, 2014, South

Korea[40]

Mayer et a, 2014,

United States [49]

Ormel et al, 2018,
Netherlands [48]

Measured at baseline and 6
mo

Primary outcomes: fruit and
vegetable intake, PA?, de-
pression, fatigue, and insom-
nia

Measured at baselineand 10
wk

Primary outcome: feasibility
of the intervention

Secondary outcomes: PA
and quality of life

Measured at baseline, 8 wk,
and 6 mo

Primary outcomes: strength,
quality of life, pain, and fa-
tigue

Measured at baseline and 6
mo

Primary outcomes: nutrition
knowledge, food consump-
tion, and quality of life

Measured at baseline, 6 mo,
and 12 mo

Primary outcomes: PA and
dietary behavior

Measured at baselineand 12
wk

Primary outcomes: fruit and
vegetable intake and PA

Measured at baselineand 12
wk

Primary outcomes: diet
composition and PA

Secondary outcomes: quality
of life, anxiety, depression,
fatigue, motivational readi-
ness, and self-efficacy

Measured at baseline and 3,
6, and 9 mo

Primary outcome: physical
activity

Secondary outcomes: dis-
tress and quality of life

Measured at baseline, and 6
and 12 wk

Primary outcome: feasibility
of the intervention Sec-
ondary outcome: PA

67% participants accessed
all sessions.

Mean number of sessions
accessed=5.3 (SD 1.28)

67% viewed the modules at
least once. Average number
of logins over the 9-wk peri-
0d=10.3

Adherence rate=93.9% of
the scheduled sessions

Not reported

Average of 2.23 (SD 1.53)
modulesfollowed. PA activ-
ity modulefollowed by 25%
participants. Diet module
followed by 62% partici-
pants

72% viewed the DV DS, 50%
completed the full DVD

89% of patients consistently
participated in the program
throughout the intervention

93.8% parti cipants described
as users (accessed system at
least once). Of the 180 days
of possible use, mean
use=55.3 days (SD 50.0)

Not reported

Compared to control group, the intervention group showed a
significant improvement in insomnia (9.6 to 10.1 vs 9.6 t0 9.2;
P=.03), strenuous exercise (29 min/wk [no change] vs 32to 51
min/wk; P=.01), stretching (26 to 25 min/wk vs 31 to 46
min/wk; P=.01)

Improved mental health in thewaitlist controls compared to the
intervention group (d=0.37, P=.01)

Compared to the control group, at 8 wk, the intervention group
showed improved isometric abdominal (P<.001, d=1.02), back
(P<.001, d=1.31), lower-body (P=.001, d=—0.81); and hand

grip strength (P=.006, d=0.66); BMWTP (P<.001, d=0.92);
global quality of life (P<.001, d=0.89); physical functioning
(P<.001, d=0.9); role functioning (P=.001, d=0.78); cognitive
functioning (P=.002, d= 0.75); pain severity (P=.001, d=—0.82);
fatigue (P<.001, d=—0.89); and pain interference (P=.05,
d=-0.47). At 6 months, the intervention effect was maintained
for all except role functioning and pain severity

No significant differences between groups for nutrition knowl-
edge or food consumption. Compared to the control group, the
intervention group had improved role functioning in the quality
of lifescaleat 6 mo (-6.3vs5.1, P=.02)

Significantly increased vegetable consumption (P=.023) and
moderate physical activity (P=.04) in the intervention group
compared to the control group after 6 mo. This effect was sus-
tained at 12 mo for physical activity but not vegetable consump-
tion

No significant between-group differences

Compared to control group, after 12 wk, the intervention group
showed significantly improved proportion of participants
meeting the recommendations of 150 min/wk moderate-intensity
exercise (35.7% vs 65.5%, P<.0001) and five servings of fruit
or vegetables/d (32.1% vs 55.2%, P=.001) and improved the
diet-quality index (9.6 vs 11.1, P=.001), physical functioning
(75.9 vs 83.6, P=.02), fatigue (15.3 vs 13.5, P=.03), and self-
efficacy for exercise (P=.02) and fruit and vegetable intake
(P=.02)

No significant differences between theintervention and control
groups

Compared to the control group, the intervention group had sig-
nificantly increased total minutes of PA at 6 wk (2348 min/wk
vs 3773 min/wk, P=.04), but there was no difference in seden-
tary time between groups. There were no significant between-
group differences at 12 weeks
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Kisset al

Author, year, country ~ Outcomes

Intervention uptake

Between-group findings

Measured at baselineand 10
wk

Popeet d, 2018, United
States [41]

Primary outcomes: PA and
energy expenditure

Secondary outcomes: anthro-
pometry, body composition,
cardiorespiratory fitness,
quality of life, and psychoso-
cia constructs

Rabin et al, 2011, Unit-
ed States [42]

Measured at baselineand 12
wk

Primary outcomes: feasibili-
ty and acceptability
Secondary outcomes: PA,
mood, and fatigue

Sqjidet d, 2016, United
States [45]

Measured at baseline, 6 wk,
and 12 wk

Primary outcome: physical

performance

Secondary outcomes: steps
per day, lean muscle mass,

and chess press repetitions

Measured at baseline, 6 wk,
and 12 wk

Primary outcomes: PA,
quality of life, anthropomet-
rical measures, body mass
index, blood pressure, func-
tional capacity, and hand
grip strength

Uhm et a, 2017, South
Korea[43]

Vallance et a, 2007,
Canada [46]

Measured at baselineand 12
wk

Primary outcomes: PA
Secondary outcomes: quality
of life, fatigue, brisk walk-
ing, and objective step count

valeet d, 2017, Unit-
ed States [37]

Measured at baseline, 3 mo,
and 6 mo

Primary outcome: feasibility
Secondary outcomes: PA,
body massindex, weight,
body composition, and
metabolic syndrome
biomarkers

Participants wore the smart
watch 6-7 d/wk and ac-
cessed the Facebook page
1.2 times/wk on an average

Average number of website
logins=14.75 (SD 8.46)

Not reported

Not reported

Participants who received
thewritten material reported
on the content 2.1 times on
an average

Participants who received
the pedometer recorded their
steps on 83.3% of study

days

Intervention arm 1: 100%
participants reported reading
some/all/most of the email
content and email feedback

Intervention arm 2: 90%
participants reported reading
some/al/most of the email
content and email feedback

Compared to the intervention, the control group demonstrated
improved physical activity-related social support and reduced
barriers. No other significant between-group differences were
observed

Compared to the control group, at 12 weeks, therewasamedium

effect of the intervention on increasing MvPAd (16.5 min/wk
vs 102.5 min/wk, d=0.64) and alarge effect of theintervention
on mood (-5.00 vs —25.86, d> 0.80) and fatigue (-3.30 vs
—11.43, d>0.80). However, these differences were not statisti-
cally significant

Compared to controls, intervention arm 1 showed greater im-
provement in physical performance (P=.04) and a higher rate
of changein steps per day at 12 wk (P<.01). There were no
additional between-group differences seen either between inter-
vention arm 1 and control or intervention arm 2 and control

There were no significant between-group differences at 6 and
12 wk

Compared to the control group, a significant improvement was
seenin MVPA at 12 wk inintervention arm 1 (30 min/wk vs
59 min/wk, P=.02) and intervention arm 2 (30 min/wk vs 87
min/wk, P=.02). Compared to the control group, significant
improvements were seen in brisk walking at 12 wk in interven-
tion arm 1 (0 min/wk vs 94 min/wk, P<.001), intervention arm
2 (0 min/wk vs 58 min/wk, P=.03), and intervention arm 3 (O
min/wk vs 72 min/wk, P=.006) were observed. No differences
in objective step count. Intervention arm 2 showed significant
improvement in quality of life (6.9 vs 1.1, P=.003) at 12 wk
compared to control

Intervention arm 2 significantly reduced body massindex (0.4
vs 0.1, P=0.046) compared to controls at 6 mo. Intervention

arm 1 maintained HBA 1. levels as compared to increased
HBA 1 level sobserved in the control group (0.0vs0.15, P=.02).
No other significant between-group differences were observed
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Kisset al

Author, year, country ~ Outcomes

Intervention uptake

Between-group findings

Yun et al, 2012, Korea

[38] wk 83.1% participants

Primary outcome: fatigue

Secondary outcomes: nutri-
tional status, quality of life,
anxiety, and depression

Measured at baselineand 12  Intervention compl eted by

Compared to the control group, the intervention group had a
significantly greater decreasein fatigue (group difference=0.66,
P=.001, d=0.29) and anxiety (0.9, P=.004, d=0.33) and signif-
icantly greater increase in nutritional status (0.47, P=.04,
d=0.23), global quality of life (5.22, P=.02, d=0.26), emotional
functioning (4.69, P=.02, d=0.19), social functioning (4.73,
P=.03, d=0.24), and cognitive functioning (6.09, P=.002,
d=0.24) after 12 wk

8PA: physical activity.

PEMWT: six minute walk test.

°DVD: digital video disk.

dMVPA: moderate to vigorous physical activity.
€HBA 1 hemoglobin A .

Technology Platform and Level of Facilitation

The majority of studies (n=9) were delivered as Web-based
modules with content covering nutrition and physical activity
recommendations [32,33,35-40,42]. Three studies used a
wearable device to deliver a physical activity intervention
[41,45,46]. The remaining studies used mobile apps (n=3) or
digital video disk (n=1) to deliver content on nutrition and
physical activity recommendations[43,44,48,49]. Infive studies,
there was no facilitation of the self-guided intervention
[33,38,44,46,49]. In the remaining studies, facilitation involved
baseline training on the intervention or Web platform
[32,36,37,40-43,45], emails sent at varying frequencies to
provide content updates, reminders or summaries of completed
physical activity [35,37,45], and interaction with a facilitator
in adiscussion group or upon request [39,48].

Risk of Bias Assessment

The outcome of the bias assessment is presented in Table 3. All
included studies were randomized controlled trials. However,
as evident from Table 3, there was a high degree of variation
in the bias of the included studies, in particular, lack of clarity
about the randomization process and few studies included
blinding of the outcome assessment.

Behavioral Outcomes

Of thefive studiesthat investigated dietary behaviors, two found
improvements in the intervention arm. Kanera et a (2016)
reported a significant increase in vegetable consumption after
6 months of use of a personalized web-based intervention,
although this increase was not sustained at 12 months
postintervention [33,34]. Similarly, Lee et al (2014) observed
asignificant improvement in diet quality and fruit and vegetable
intake following a 12-week Web-based intervention, but did
not measure longer-term outcomes [40].

One of the studieswhere no benefit of intervention was observed
on dietary behavior did not specify the inclusion criteria for
selecting participants who were not meeting the dietary
recommendations [36]. The authors subsequently found they
had recruited participants who had better-than-average fruit and
vegetableintake and little need for health behavior change[36].
Thetwo remaining studiesthat found no improvement in dietary

http://mhealth.jmir.org/2019/2/€12281/

behavior were not powered to detect between-group differences
[39,44].

Intotal, 14 studies examined interventionsto promote physical
activity behaviors, of which eight studies reported positive
outcomes. Bantum et al (2014) reported significant increases
in both strenuous exercise and stretching at 6 months after a
6-week Web-based intervention including a suite of health
behavior-change content [36]. Another 8-week Web-based
intervention delivering physical activity recommendations
tailored to participants found significant improvements in
isometric abdominal, back, and lower-body muscle strength at
2 and 6 months following the intervention [32]. A 12-week
mobile app intervention providing physical activity advice
reported a significant improvement in the total minutes of
physical activity at 6 weeks but no difference at 12 weeks[49].

Kanera et al (2016) found a significant increase in moderate
physical activity levels after 6 months of use of a personalized
Web-based intervention; however, similar to the effect on dietary
behavior in this study, the difference was not sustained at 12
months[33,34]. In a12-week Web-based intervention providing
tailored exercise content to participants, significant
improvements were observed in the proportion of participants
following moderate-intensity exercise recommendations [40].
Sgjid et a (2016) found a higher rate of change in the number
of steps per day among participants who received instructions
for exercising and used a wearable device in combination as
compared to the control group. However, the same effect was
not observed when participants followed a tailored Wii-Fit
exercise program in combination with the wearable device,
although the sample size was small and not powered to detect
differences[45]. In another study, participantsusing awearable
device alone or in combination with accessto exercise guidelines
experienced  significant  improvements  in  weekly
moderate-to-vigorous intensity physical activity and brisk
walking [46]. However, improvements in brisk walking were
also observed in participants with access to exercise guidelines
alone [46]. Although underpowered to detect a significant
difference in moderate-to-vigorous physical activity levels,
another study reported a medium effect (102.5 [intervention]
vs 16.5 [control] minutes/week) of a Web-based intervention
after 12 weeks [42].
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Table 3. Risk of hiasfor included studies.
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Author, year Random sequence Allocation  Blinding of partici- Blinding of out- Incompleteout- Selective  Other
generation concealment  pants/personnel come assessment  come data reporting bias
Bantum et a, 2014 [36] Low Unclear Low High High High High
Forbes et al, 2015 [35] Low Unclear Low Low Low Uncler Low
Galiano-Castillo et al, 2016 Low Unclear Low Low Low High Low
[31], 2017 [32]
Gnagnarellaet al, 2016 [39] Low Unclear Low High High High High
Kaneraet al, 2016 [33], Low Low High Low Low Low Low
2017 [34]
Krebs et al, 2017 [44] Low Low Low High Low Uncler Low
Leeet a, 2014 [40] Low Low Low High Low Low Low
Mayer et a, 2018 [49] Unclear Unclear Low High Low Uncler Low
Ormel et al, 2018 [48] Low Unclear Low High Low Low Low
Pope et al, 2018 [41] Low Unclear High Low High Unclear  Unclear
Rabin et al, 2011 [42] Unclear Low Low High High Unclear  Unclear
Sajid et al, 2016 [45] Unclear Low Low Unclear Unclear Unclear  High
Uhm et al, 2017 [43] High Low Low High High Uncler Low
Vallance et a, 2007 [46] Low Low Low High Low High Low
Valeet a, 2017 [37] Low Low Low Low Low Low Unclear
Yun et a, 2012 [38] Low Low Low High Low Low Unclear

Several studies that did not report positive outcomes had
limitations. Although Forbes et a (2015) did not specifically
select participants who did not meet the physical activity
recommendations, a sub-group analysis showed that their
Web-based intervention was more effective in participants who
were not meeting the recommendations [35]. Similarly, another
study failed to select participants with poor physical activity
behaviors [41], and two studies were not powered to detect an
effect [37,44]. Uhm et a used an active control group that
received the same information as the intervention group but
without the support of a mobile app [43]. Mayer et a (2018)
considered the possibility that the lack of benefit was dueto the
short duration of the intervention [48]; however, the 6-month
intervention was longer than that included in severa studies
reporting positive outcomes [32,36,40,49].

Overadll, technology-supported self-guided interventions
appeared to have some benefit on dietary intake; however, the
few studies that assessed this outcome had several limitations.
A relatively consistent positive benefit was noted for physical
activity, although thelong-term benefits remain unknown; only
one study reported outcomes beyond 6 months and found no
effect at that time point. There were no patterns in the type or
number of behavior-change techniques supporting the effective
interventions in comparison to those for which no effect was
observed. Effectiveness of interventions for physical activity
level did not depend on whether physical activity was patient
reported or objectively measured.

Clinical Outcomes

Clinical outcomeswere reported in four of the included studies
[37,38,41,43]. One study examined weight change, lean body

http://mhealth.jmir.org/2019/2/€12281/

mass, fat mass, BMI, and metabolic syndrome biomarkers after
6 months of use of a Web- and maobile app-based nutrition and
physical activity intervention [37]. The intervention was tested
in two groups: one used the intervention alone and other used
the intervention along with wearable technology. The results
showed an improvement in the BMI in the latter intervention
group as compared to the control group. However, only the
group that used the intervention alone showed an improvement
in metabolic syndrome biomarkers [37]. Another study using
a mobile app intervention and wearable device showed no
difference in BMI, arm circumference, handgrip strength, and
blood pressure between the intervention group and an active
control group that received written information [43]. A further
study reported a significant improvement in the nutritional
status, measured using the Mini Nutrition Assessment tool, at
12 weeks after the use of a combined Web-based nutrition and
physical activity intervention [38]. Pope et a (2018) found no
differences in weight or body composition using a 10-week
smart watch and Facebook physical activity intervention [41].

Overal, changes in clinical outcomes as a result of
technology-supported  self-guided  interventions  were
inconsi stent but were assessed in only asmall number of studies,
making it difficult to draw any concrete conclusions.

Health-Related Outcomes

HRQoL was assessed in nine studies, five of which used the
European Organisation for Research and Treatment of Cancer
Quality of Life Questionnaire - Core 30 [32,38-40,43], three
used the Functiona Assessment of Cancer Therapies
guestionnaire [35,38,48], and one used the Patient-Reported
Outcome Measurement System [41]. Two studies reported
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improved global HRQoL [32,38], and four studies reported
improvements in one or more of the HRQoL subscales
[32,38-40]. Studies demonstrating the most-beneficial HRQoL
outcomes tended to be Web-based, used waitlist controls,
involved aphysical activity intervention, and reported very high
adherence to the intervention. A further three-arm randomized
trial by Sajid et a (2016) investigating functional capacity aone
through use of a short physical performance battery reported
improved physical performance in the wearable device
intervention group compared to the control group, but thisresult
was not observed for the wearable device plus Wii Fit arm [45].

Fatigue was measured in six studies, three of which used the
Brief fatigue Inventory [36,38,40] and the remaining studies
used the Piper Fatigue Scale [32], the fatigue scale from
the Functional Assessment of Cancer Therapy-Anemia
measurement system [46], and the Profile of Mood States scale
[42]. Of the six studies, four reported significantly improved
fatigue following the intervention [32,38,40,42]. Of the four
studies, one study involved a 12-week Web-based intervention
with modules covering dleep, hygiene, pain, distress
management, and fatigue in addition to nutrition and physical
activity. As such, the positive effect on fatigue may have been
related to other components of the intervention. Two of the six
studies found no significant difference in fatigue [36,46]. No
consistent differences were evident between the studiesthat did
and did not observe an effect on fatigue.

Yun et a (2012) observed a significantly greater decrease in
anxiety, but not depression, after their 12-week Web-based
intervention. However, similar to the effect on fatigue, the effect
on anxiety may have been related to other components of the
intervention beyond nutrition and physical activity [38]. Four
studies on physical activity or combined nutrition and physical
activity interventions measured depression [ 36,40], anxiety [40],
distress[48], or mood disturbance [42], and found no significant
between-group differences.

One study assessed the effect of a Web-based intervention of
modules covering nutrition, exercise, stress management,
communication, and fatigue management on insomniaand found
a significant improvement following the 6-week intervention
[36]. One study reported significant improvement in pan
severity after an 8-week Web-based physical activity
intervention as compared to the control arm [32].

Overal, HRQoL and fatigue appeared to improve after
technol ogy-supported self-guided interventions, and the mgjority
of studies showed a positive benefit. The effects on mental
health, pain, and insomnia require further investigation.

No studiesinvestigated health service use or financial outcomes.
In addition, no studies examined or compared outcomes
according to key potential moderating factors such as gender,
socioeconomic position, or ethnicity. Studies including only
female patients with breast cancer were as likely to report
positive outcomes as those including both male and female
participants.

http://mhealth.jmir.org/2019/2/€12281/
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Discussion

The main finding of this review was that technol ogy-supported
self-guided interventions appear to improve physical activity
behaviors and fatigue in people with cancer in the short term.
Although many studies only measured these outcomes in the
short term, a few studies that assessed these outcomes in the
longer term found that this benefit was not sustained. Therewas
aminor effect of such interventions on dietary behavior and an
inconsistent effect on clinical outcomes such as weight, BMI,
body composition parameters, and mental health outcomes.
Thisfindingislargely cons stent with that of previous systematic
reviews investigating digital health or eHealth interventionsin
cancer survivors, without focusing on the self-guided component
[25]. For instance, Roberts et al (2017) reported improved
physical activity and BMI in cancer survivors through digital
health physical activity and diet interventions [25]. Similarly,
Haberlin et al (2018) observed improvement in physical activity
following the use of eHealth to promote physical activity among
cancer survivors [50]. Both these reviews concluded that the
effect of these interventions was promising, but studies using
objective measures and assessing the impact on long-term
outcomesremain apriority. Similar conclusionsweredrawnin
a systematic review of computer-tailored physical activity and
dietary behavior-promotion programsin the general population;
this review showed improvements in physical activity and
dietary behavior, but these improvements were limited to the
short or medium term due to the lack of long-term follow-up
in studies [23].

Inconsistent reporting of self-guided interventions is an issue
that has resulted in a recent recommendation for the
development of a standardized reporting framework for these
types of interventions in people with cancer [51]. Overall,
self-guided interventions are not well described in the literature,
which limits definitive extraction of the key components of the
intervention associated with improved health outcomesin people
with cancer. In particular, this affected the extraction of the
behavior-change techniques used within the interventions, and
in some studies, sufficient information was not reported to
determine the specific strategies used. A further issue was the
reporting of intervention compliance, which was measured in
different ways across studies and at times, not reported at all.
Therefore, in cases where interventions did not report positive
outcomes, it was difficult to determinewhether theintervention
itself was not effective or whether thelack of effect wasrelated
to poor compliance or insufficient participant engagement in
the intervention. Similar issues were identified in a 2017
systematic review on self-guided interventionsfor psychosocial
distress in people with cancer [26]. Of note, in 2011, a
CONSORT checklist was published to improve the reporting
of Web-based and mabile health interventions [52]; however,
none of the studies in this systematic review reported the use
of this framework.

Two of the studies included in this review did not specifically
select participants who had poor health behaviorsfor the study.
However, in their dietary and physical activity intervention
group, Bantum et a (2014) found that they had recruited
participants who had a better-than-average fruit and vegetable
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intake, and thus, there was no need to change their dietary
behavior, potentially explaining the lack of effect of the
intervention [36]. Similarly, Forbes et al (2015) did not target
recruitment to participants who were not meeting physical
activity recommendations; however, a subsequent subanalysis
reveal ed that theintervention was more effectivein participants
who did not meet the physical activity recommendations at
baseline[35]. Although only two studiesin our review discussed
this limitation, the eligibility criteria of the included studies
revealed that 10 of the 16 studies did not specifically target
participants with poor dietary or physica activity behaviors.
Failure to specifically recruit participants requiring supportive
careinterventions has also been identified asan issuein several
previous systematic reviews of supportive care interventionsin
cancer [26,53]. It isimperative that future research in this area
targets people who require support but are currently not able to
access the care they require.

Technol ogy-supported self-guided interventions require a high
level of self-motivation for participants to engage with the
intervention. Compliance, or intervention uptake, provides some
indication of participant engagement. However, inconsistencies
in how the engagement was reported, as previously discussed,
lead to difficulties in comparing studies. Although measured
post-intervention, and therefore, not a true indicator of
engagement with the intervention, patient satisfaction provides
some insight into the acceptability of an intervention, which
hasimplicationsfor adherence and engagement [54]. A number
of the studies included in this review measured patient
satisfaction using aquestionnaire or interview. Although patient
satisfaction was high, there was no consistent approach or
guestionnaire used across studies; as such, comparison between
studies was not possible.

Of the 16 studies included in this review, only two involved
patients who were undergoing active cancer treatment.
Personalized nutrition and physical activity interventions
ddiveredindividualy by aclinician or other health professionals
during cancer treatment have demonstrated benefits on body
composition, nutritional status, quality of life, fatigue, and

Kisset al

functional outcomes [4,5,20,55]. However, considering the
increasing incidence of cancer, a personalized approach to
nutrition and physical activity interventions may have limited
long-term feasibility. Models for stratifying patients by risk
categories are proposed for the management of cancer survivors
[56] and may need to be considered for interventions delivered
during active treatment. The level of facilitation in the studies
included in this review was minimal, making this a potential
cost-effective approach, although evaluation of the cost
effectivenesswas not afeature of any of the studies and resource
reguirements were not reported.

The strengths of this review are reporting according to the
PRISMA guidelines; inclusion of risk of bias assessment; and
categorization of the behavior change techniques underpinning
the interventions, which has not been included in previous
systematic reviews. Limitationsinclude substantial heterogeneity
among theincluded studiesin terms of sample size, risk of bias,
outcome measures, type and duration of interventions, and use
of behavior-change techniques, which restricted our ability to
distinguish the components of the interventions that were
effective and to complete our meta-analyses.

In summary, this systematic review identified a short-term
benefit of technology-supported self-guided interventions with
regard to physical activity behavior and fatigue and a small
benefit with regard to dietary behavior and HRQoL in people
with cancer. However, there was considerable heterogeneity in
the quality of theincluded studies and some heterogeneity along
with major methodological limitations, which make
interpretation of the findings challenging. Despite the potential
of technology-supported interventions, there is a lack of
evidence for their long-term benefit, which requires further
investigation. Furthermore, a high proportion of studiesdid not
actively target people with poor nutrition or physical activity
behaviors. Future studies should ensure that interventions are
tested in people requiring improvements in nutrition and
physical activity who are not currently able to access the care
they require.
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Abstract

Background: Smartphone apps are a potential mechanism for devel opment of self-management skillsin people with persistent
pain. However, the inclusion of best-practice content items in available pain management apps fostering core self-management
skills for self-management support is not known.

Objective: The aim of the study was to evaluate the contents of smartphone apps providing information on pain management
strategies for people with persistent pain facilitating self-management support and to appraise the app quality.

Methods: A systematic search was performed in the New Zealand App Store and Google Play Store. Apps were included if
they were designed for people with persistent pain, provided information on pain self-management strategies, and were available
in English. App contents were evaluated using an apriori 14-item self-management support (SMS-14) checklist. App quality was
assessed using the 23-item Mobile Apps Rating Scale.

Results: Of the 939 apps screened, 19 apps met the inclusion criteria. Meditation and guided rel axation were the most frequently
included self-management strategies. Overall, the included apps met a median of 4 (range 1-8) of the SMS-14 checklist. A total
of 3 apps (Curable, PainScale-Pain Diary and Coach, and SuperBetter) met the largest number of items (8 out of 14) to foster
self-management of pain. Self-monitoring of symptoms (n=11) and self-tailoring of strategies (n=9) were frequently featured
functions, whereas a few apps had features facilitating social support and enabling communicating with clinicians. No apps
provided information tailored to the cultural needs of the user. The app quality mean scores using Mobile Apps Rating Scale
ranged from 2.7 to 4.5 (out of 5.0). Although use of 2 apps (Headspace and SuperBetter) has been shown to improve health
outcomes, none of the included apps have been evaluated in people with persistent pain.

Conclusions: Of the 3 apps (Curable, PainScale-Pain Diary and Coach, and SuperBetter) that met the largest number of items
to support skills in self-management of pain, 2 apps (PainScale-Pain Diary and Coach and SuperBetter) were free, suggesting
the potential for using apps as a scalable, wide-reaching intervention to complement face-to-face care. However, none provided
culturally tailored information. Although 2 apps (Headspace and SuperBetter) were validated to show improved health outcomes,
none were tested in people with persistent pain. Both users and clinicians should be aware of such limitations and make informed
choices in using or recommending apps as a self-management tool. For better integration of appsin clinical practice, concerted
efforts are required among app developers, clinicians, and people with persistent pain in developing apps and evaluating for
clinical efficacy.
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Introduction

Background

Persistent, noncancer pain is the leading cause of disability
worldwide, affecting 1in 5 people[1,2]. Persistent painincludes
awide range of pain conditions such as persistent primary pain
(eg, low back pain and neck pain), musculoskeletal pain (eg,
osteoarthritis and rheumatoid arthritis), migraine, orofacial pain,
neuropathic pain, and pain following trauma and surgery [3].
Recent results from the Global Burden of Diseases suggest
persistent low back pain and migraine are the 2 major
contributors globally to disability-adjusted life years [4],
signifying the large personal, societal, and economic impact of
persistent pain.

The current best practice for management of persistent pain
involves group-based, multidisciplinary, cognitive behavioral
interventions focusing on fostering self-management [5-7].
Self-management support can be achieved by providing
individuals with tools and strategies to help them choose
healthier behaviors and transforming the patient-clinician
relationship into one of collaborative care [8]. Fostering
self-management support could be achieved via core
self-management skills. Core self-management skills include
self-efficacy building, self-tailoring, self-monitoring of
symptoms, goa setting and planning, problem solving, and
shared decision making. In the context of persistent pain,
individualslearn avariety of self-management or active coping
strategies (eg, cognitive behavioral therapy, activity pacing, and
relaxation techniques) from pain management interventions. In
collaboration with health professionals (shared decision
making), individuals learn to identify meaningful goals (eg,
personal, physical, and psychological) to improve pain and
functioning (goal setting) [8]. Practicing avariety of strategies
learned from pain management interventions, individuals
develop the capacity to monitor their symptoms
(self-monitoring) and tailor strategies that work best for them
(sdlf-tailoring) [5]. With the help and support of peersand health
professionals, they can actively problem solve (problem solving)
and set meaningful goals [9]. Positive reinforcement from
learning self-management skillsand adhering to practicing those
strategies [10] ultimately develops the confidence in one's
ability (self-efficacy building) to engagein meaningful activities
despite pain (acceptance), thereby fostering sustained behavioral
change [11].

Specialized pain servicesincluding multidisciplinary, cognitive
behavioral interventions are resource intensive and are often
only provided in secondary or tertiary care settings [5].
Therefore, there are many barriersto accessing specialized pain
servicesin Australiaand New Zealand, including long-waiting
lists after referral from primary care [12], issues related to
transport, and physically accessing in-person delivered pain
services [13]. Furthermore, there is little capacity to increase
services because of alack of a specialist pain workforce [12].
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Therefore, innovative solutionsfor delivering pain management
services are urgently required.

Smartphone appsare apotential mechanism for the devel opment
of self-management skills. Interventions delivered via
smartphones are more likely to be easily accessible to awider
population and are scalable [14-16], with smartphone user
numbers expected to reach 5 billion in 2020 [17]. Evidence
suggests smartphone app use can foster self-management skills
in other long-term conditions such as diabetes, asthma, and gout
[18-20], and it can potentially deliver behavioral interventions
to people living with persistent pain [21,22]. For example, pain
apps have been generaly classified to (1) provide general
information on pain, including symptom identification and
planning treatments, (2) track daily symptoms such as pain
intensity, mood, daily activity, and medications, and (3) provide
information on self-management strategies [23].

Previous reviews have examined the quality and content of
self-management apps for people with persistent pain [23,24].
However, none of these reviews evauated the app contents
using a comprehensive self-management support checklist [3],
including the cultural appropriateness of the contents via
addressing cultural beliefs (eg, race, ethnicity, religion, and
socioeconomic status). Cultural beliefs have been shown to
influenceillness perceptions, pain experiences, and attitudesto
pain management [25-27], and addressing cultural beliefs of
individual swith persistent pain isrecommended by international
clinical guidelines for pain management [28,29]. Lalloo et a
[24] comprehensively reviewed 256 pain management appsin
2014 and classified the contents based on 5 core
self-management skills (pain education, self-efficacy building,
self-monitoring, socia support, and goal setting). The review
identified the lack of a comprehensive app, including al the
self-management skills and lack of health care provider
involvement in over 91.7% (256/279) of the included apps.
However, the included apps were not described in detail, and
there was no quality evaluation of the apps. Recently, reviews
of self-management apps for specific pain conditions, namely
persistent low back pain and arthritis, have been performed
[30,31]. The included apps in both reviews recommended
evidence-based interventions, yet the quality of information in
the apps was poor [30,31]. Although Machado et a [30]
concluded that there remains a need for higher-quality apps
fostering self-management in people with persistent low back
pain, Bhattarai et a [31] suggested the need for apps better
suited for older adults, the more prevalent population group
with arthritis. However, the apps identified from both reviews
arenot suitablefor peoplewith awide variety of persistent pain
conditions.

Objectives

In light of such limitations, this review extends previous work
by adopting a comprehensive International Classification of
Diseases (ICD-11) definition for persistent pain [3] and
evaluating app contents using an evaluation checklist for
best-practice content items for self-management support. The

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 2 |e13080 | p.65
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

primary purpose of the review was to evaluate the contents of
smartphone apps providing information on pain management
strategies for people with persistent pain facilitating
self-management support and to appraise app quality.

Methods

This review was reported according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses guidelines
for systematic reviews[32]. Thereview protocol was submitted
for registration a8 PROSPERO—International Prospective
Register of Systematic Review; however, the submission was
rejected as PROSPERO does not accept systematic review
protocols for apps.

Operational Definition

Persistent pain was defined as recurrent pain for more than 3
months [3], and persistent pain disorders were classified based
on the ICD-11 definition [3] as (1) persistent primary pain, (2)
persistent posttraumatic and postsurgical pain, (3) persistent
neuropathic pain, (4) persistent malignant pain, (5) persistent
headache and orofacial pain, (6) persistent viscera pain, and
(7) persistent musculoskeletal pain. Culture was defined as a
broad construct encompassing ethnicity, religion, socioeconomic
status, disability, and sexual orientation [33].

Search Strategy

A systematic search was performed in New Zealand Google
Play Store (Android) and the App Store (i0S)—viathe website
fnd.io [34] —on November 14, 2017. These stores account for
99.22% of the market share of smartphone platforms used in
New Zealand [35]. Search terms for both stores included pain,
pain management, and chronic pain. An updated search was
conducted on December 07, 2018, using the term pain
management in both Google Play and App stores (via fnd.io
[34]) to identify any new apps.

Inclusion Criteria

Appswereincluded if they were (1) smartphone apps targeted
to adults (>16 years) with persistent pain, (2) capable of being
used for any persistent pain condition, (3) able to provide
infformation on at least one or more of the following
recommended strategies for pain management: pain education,
activity pacing, thought and behavioral management, exercises,
relaxation or breathing, meditation or mindfulness, distraction
techniques, and (4) available in English.

Appswereexcluded if (1) aspecific pain condition was targeted
(eg, low back pain and migraine), (2) only pain monitoring
function was provided, and (3) the app was an advertisement
for a specific clinic or product.

Data Extraction

App names and descriptionsfrom the app search in Google Play
Store and the App Store were screened against apriori selection
criteria. Next, eligible apps were downloaded for further
screening using either OnePlus 3 smartphone running Android
8.0.0 for Google Play Store apps or Apple iPhone 6S running
i0S 11.1.2 for theiOS platform. Apps found on both platforms
were only downloaded on theiOS platform [30]. DF conducted
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the app search and screened apps for inclusion. Unclear app
store descriptions were discussed with HD or RG for selection.
When a free version (often indicated by lite in the title) and
fully featured paid version of a same app were available, we
assessed only the fully featured paid version so that the full
functionality of the app was evaluated. A list of the fina
included appswas collated into an Excel spreadsheet (Microsoft
Corp), with metadata about each app extracted from the rel evant
app stores. Thisincluded information on developer, price, app
size (in megabytes), app version, and a brief summary of app
contents.

Evaluation of App Contentsfor Self-Management
Support

Currently, there are no widely accepted frameworks or clinical
guidelines recommending the key components of a pain
self-management program. Therefore, a customized 14-item
self-management support (SMS-14) checklist [5,8,24,36] was
used for the purpose of this app review to evaluate the contents
of theincluded appsfor learning or devel oping self-management
support (Table 1). The SMS-14 checklist included 6 core
self-management skills (12 items) and 2 functions (2 items).
Core self-management skillsincluded self-efficacy building via
recommended pain management strategies (7 items),
problem-solving (1 item), goal-setting (1 item), self-tailoring
(1 item), self-monitoring (1 item), and partnership between
views of the patient and clinician via communication skills (1
item). Thefunctionsincluded providing accessto social support
(1 item) and culturaly tailored information (1 item) by
addressing cultural beliefs related to ethnicity, religion,
socioeconomic status, disability, and sexual orientation [33].
The items from the SMS-14 checklist were informed from a
well-established  self-management  framework—Stanford
Self-management Support model [8,36], an evidence-based
persistent pain guideline [28]—and previous reviews on
self-management and persistent pain [5,24,31]. Apps scored 1
point for each item featured within the app, with apossible score
between 0 and 14. Two reviewers (DF and HD) independently
evaluated the SMS-14 checklist of included apps by using all
the functions of the downloaded apps for at least 10 min and
scored the items based on mutual consensus. RG reviewed and
adjudicated any discrepancies.

App Quality Evaluation

The 23-item Maobile Apps Rating Scale (MARS) [37] was used
to assess general app quality. The MARS is areliable tool for
assessing app quality using 5 sections: engagement (5 items),
functionality (4 items), aesthetics (3 items), information quality
(7 items), and a subjective app quality score (4 items). The app
quality mean score of an included app was calculated from
individual mean scores of engagement, functionality, esthetics,
and information quality. Two trained reviewers (LP and DF)
independently scored the included apps using the MARS and
subsequently compared scores and formed aconsensus opinion
to give afinal reported MARS score [37]. Any difficulties in
reaching a consensus were discussed with HD to reach a
conclusion. For each MARS section, the interrater reliability
of total mean scores between the reviewerswas calculated using
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intraclass correlation coefficient (ICC)—2-way random-effects  model with absolute agreement among single ratings[1,3].

Table 1. Self-management support (SMS-14) checklist for best-practice content items for self-management support of pain.

Skills Description Examples (if one or more present, scored yes) Score
Self-efficacy building Provision of information on self-management or ac-  Pain education: Mechanisms of pain/neurophysiolo-  Yes; No
tive coping strategiesto improvethe ability to control ~ gy; Information on pain-stress-depression; Thought
one’s behavior—Cognitive Behavioral Therapy management; Fear avoidance; Catastrophizing;
(CBT) approaches Medication use; Sleep management
Activity pacing: Incrementsin activity interspersed  Yes; No
with short periods of rest or changesin activity not
determined by level of pain; (eg, increasing tolerance
on activities of preference such aswalking and sit-
ting)
Thought and behavioral management: CBT-based  Yes; No
therapy; Acceptance-based therapies: Mindfulness-
based stress reduction; Acceptance and commitment
therapy
Exercises (biomechanical or aerobic): Biomechani-  Yes; No
cal—Exercises aimed at changing or improving
spinal mechanics (eg, stretching, strengthening, range
of motion, Pilates, and McKenzie exercises); Aerobic
exercises—Exercisesaimed at improving cardiovas-
cular fitness and endurance (eg, walking, running,
and swimming)
Relaxation and breathing: Self-calming meth- Yes, No
ods—Breathing exercises and mental imagery
Meditation and mindfulness: Interventionsprimarily  Yes; No
focusing on physical, mental, and spiritual focus;
Yoga, Tai Chi, and mindfulness.
Distraction techniques. Shifting attentional focus Yes; No
from pain; Music, art, play, and images
Self-tailoring Provision of structured information and self-manage-  Scope for the individuals to incorporate the self- Yes; No
ment support based on the individual symp- management strategies learnt to fit their individual
toms/needs needs
Self-monitoring of Capacity to help people to monitor their symptoms  Thought diaries; Daily activity tracking; Paindiaries;, Yes; No
symptoms (eg, mood, thoughts, and pain intensity) Mindfulness; Sleep management
Goal setting and planning  Capacity to identify and log meaningful goals Planning daily activities; Planning aspecific activity  Yes; No
(physical, emotional, socia) and track goals goa
Problem solving A systematic approach to be aware of and developing Having a plan for dealing with flare-ups; Ability to  Yes; No
aplan for dealing with stressful or challenging situa-  deal with stressors (eg, pain, stress, depression, and
tions anxiety)
Partnership between Opportunity to interact with health careprovider and  Information/training on assertive communication Yes; No
viewsof patientand clin-  involve people with persistent pain in decision mak-  with health professionals for patients
icians ing
Social support Accessto acommunity of personsliving withpersiss  Provision of access to other personsin pain through Yes; No
tent pain the app for the purpose of providing emotional, infor-
mational, and appraisal support
Cultural relevance Reporting of culturally tailored information applica-  Tailored information toward different cultures: Eth-  Yes; No

ble for diverse ethnic groups

nicity; Religion; Socioeconomic status; Disability;
Sexua orientation

Results

Systematic Search

Theinitial search identified 600 unique Android apps from the
Google Play Store and 339 unique iOS apps from the App
Store—Figure 1. Following app name and description screening,
876 apps were excluded. Reasons for app exclusion were not
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being relevant to people with persistent pain (327/876, 37.3%),
not applicable to all pain conditions (256/876, 29.2%), and not
containing information related to pain management strategies
(114/876, 13.0%)—Figure 1. After full app content screening,
19 apps were included for the review. This included 1 app
(Curable) found only in the updated search.
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App Characteristics and Content

A summary of key characteristics of included appsis presented
in Table 2. Overall, 12 of the 19 included apps were on both
platforms, 3 were only on Android, and 4 only on iOS. Apps
ranged insizefrom 3.3 MB to 105.30 MB, with thelargest apps
being Mindfulness Daily (105.3 MB) and Release Pain with
Andrew Johnson (97.3 MB). Moreover, 5 of the apps were free
and 11 had a single payment ranging from NZD $2.99 to NZD
$14.99. Additionally, 3 apps were available on annual
subscription (Aware—M editation and MindfulnessNZD $49.99,
Curable NZD $209.88, and Headspace NZD $139.99), and some
of these apps also required additional in-app downloads for
specific pain management content. Just more than half of the
included apps (n=10) explicitly described the involvement of a
health professional in developing app contents. A majority of
the included apps were meditation (n=13) and relaxation apps
(n=16) in the form of audio-guided imagery and hypnosis. One
app provided comprehensive pain neuroscience education and
guided relaxation for pain management (Curable). In addition,
2 apps delivered yoga in the form of postures for pain relief
(Yoga for Pain therapy) and a specific form of transcendental
meditation (Sahaja Kundalini Meditation).

Overdll, the 19 apps met a median of 4 (range 1-8) of the
SMS-14 checklist (Table 3). Free apps (median=7, range 2-8)
scored better than the paid apps (median=1.5, range 1-8), with
2 of the 3 highest scoring apps (Pain Scale—Pain Diary and
Coach and SuperBetter both scored 8) being free. Of the paid
apps, the Curable app had the top score, including 8 content
items from the SMS-14 checklist. Self-tailoring of provided
skills and strategies (n=9) and the capacity for self-monitoring

http://mhealth.jmir.org/2019/2/€13080/

Devan et a

of symptoms (diary entries and/or self-reflection) (n=11) were
both commonly found self-management skill content. Apps
featuring cognitive interventions such as meditation (n=13)
scored well for self-management score, as this content often
gained 1 point for each of relaxation and breathing, thought and
behavioral management, and problem solving. Of the 7
self-efficacy building strategies, pain education, activity pacing,
exercises, and distraction techniques were seldom included.
Opportunities to communicate with clinicians, social support
from peerswith persistent pain, and featuresto actively set goals
and problem solve their symptoms were found infrequently,
and none of the apps contained tailored information to address
cultural beliefs. The mutual agreement between DF and HD'’s
independent evaluations of SMS-14 checklist was substantial;
adjusted kappa statistic (k) was 0.86 (95% CI 0.79-0.93).

Quality Assessment

The app quality mean scores from MARS evaluation ranged
from 2.72 to 4.54 (Table 4). Curable (4.54), Headspace (4.48),
and PainScale (4.47) were the 3 highest scoring apps. Out of
the 5 sections of the MARS, apps scored poorly in engagement
and subjective app quality. Overal, 4 apps met criterion for
scientific validation (item 19; Relax—Stressand Anxiety Relief,
Mindfulness Daily, Headspace, and SuperBetter), of which 2
(Headspace and SuperBetter) had been clinically evaluated to
show improved health outcomes [38,39]. No apps scored for
scientific validation in improving health outcomes for people
with persistent pain. The ICC scores for al sections from our
MARS rating were greater than 0.69; in particular, app quality
mean score showed a high level of reliability (1CC=0.92),
indicating a good consistency across app ratings.

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 2 |e13080 | p.68
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

Figure 1. Flowchart for systematic app search from Google Play and App stores.
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Table 2. Summary of app characteristics.

Devan et a

App Name Developer Platform(s) App Version Cost (NZD) Appsize(MB)  Description
Aware—M editation and Uber Health Tech Android or iOS 2.2 $49.99 per year  8.19 Mindfulness or
Mindfulness Pvt. Ltd RRP? guided meditation
Counting Down to Relax-  Headlthy Visions Android or iOS 21 $4.49 24.38 Guided relaxation or
ation hypnosis
Curable: Back Pain, Mi- Curable Inc Android or iOS 4.1.0 $209.88 per year 3.44 Guided mind and
graineand Chronic Pain Re- RRP? body strategies for
lief pain management
Freedom From Pain Healthy Visions Android or iOS 21 $12.99 24.85 Hypnosis audio
track
Genera Pain Management  Shelley Spencer- Android or iOS 2 $8.99 48.3 Guided relaxation
Guided Imagery Hellmich audio
Headspace: Guided Medita- Headspace, Inc. Android or iOS 324 $139.99 per year  30.28 Guided mindfulness
tion RRP? toincrease approach
attention
Meditations for Pain Relief  Highly Meditated Android 1.0.0 $3.02 37.54 Mindfulness or
guided meditation
Mindfulness Coach US Department of  i0S 14 Free 24.8 Mindfulness or
Veterans Affairs guided meditation
(VA)
Mindfulness Daily INWARD, INC i0s 14 Free 105.3 Mindfulness or
guided meditation
Mindfulness Meditation for Sounds True i0s 101.101.5 $14.99 321 Mindfulness or
Pain Relief—Jon Kabat- guided meditation
Zinn
Pain Control Hypnosisby ~ Diviniti Publishing ~ Android or iOS 1.3 $5.99 80.54 Hypnosis audio
Glenn Harrold Ltd
Pain Relief and Healing Drentek Android or iOS 2 $2.99 51 Mindfulness or
Meditation guided meditation
Pain Relief HypnosisPRO  Surf City AppsLLC  Android or iOS 4.5 $5.99 68.3 Hypnosis audio
PainScale-Pain Diary and Boston Scientific Android or iOS 15 Free 3.7 Pain monitoring and
Coach management
Relax—Stressand Anxiety Saagara Android or iOS 2.03 $4.49 51 Guided relaxation
Relief audio
Release Pain with Andrew  Michael Schneider  i0S 8.38 $4.49 97.3 Guided relaxation
Johnson audio
SahgjaKundalini Meditation egeApps Android 1.2.6 $4.49 7.56 Guided Kundalini
meditation
SuperBetter SuperBetter, LLC ~ Android or iOS 114 Free 491 Gamified tasks and
goal-setting
Yoga For Pain Therapy Harwell Publishing Android 2 Free 16.02 Yoga postures and
meditation

8RRP: recommended retail price.
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Table 3. Evaluation checklist for self-management skills and functions.

App hame Core self-management skills Functions Total (14)
Self-efficacy building st smi gd Pk pv! ss™  cR"

P2 AP TB® EY RBE MM DY

Aware—M editation and _0 — O — O O — O O — O — — — 6
Mindfulness

Counting Downto Relax- — — —  — 0 — - I — - 1
ation

Curable: Back Pain, Mi- g — O — O 0 m| O — O — g — 8
graineand Chronic Pain Re-

lief

Freedom From Pain — — — — O — — — — — — — — — 1

General Pain Management — — — @ — 0 — - I — - — 1
Guided Imagery

Headspace: Guided Meditar — — O — ad a — ad O — ad — — — 6
tion

Meditations for Pain Relief  — — — — O
Mindfulness Coach® 0 O
Mindfulness DailyP — — O — O

g ad

Mindfulness Meditation for — —
Pain Relief—Jon Kabat-
Zinn

Pain Control Hypnosisby — — — — — O — — — — — — — - = 1
Glenn Harrold

Pain Relief & HeadlingMed- — — — — O 0 — — — — — — — — 2
itation
Pain Relief HypnossPRO  — — — — O — — — — — — — — — 1
PainScale-Pain Diary and O — — O ad g — ad g — — ad ad — 8
CoachP

Relax—Stressand Anxiety — — — — O 0 — 0 0 — — —_ — — 4
Relief

Release Pain with Andrew  — — — — O — — — — — — — — 1
Johnson

SehgjaKundalini Meditation — @@ — — @ — @ — O — - - = = = - — 1
SuperBetterP — U o o — O — O O 0 | — 0 — 8

YogaFor Pain Therapy? — — — — — O — — 0o - - — - 2

Count across apps 2 1 7 1 16 13 0 9 1 3 7 1 3 0 —

8PE: pain education.

bAP: activity pacing.

°TB: thoughts and behavioral management.
9E: exercises (biomechanical/aerobic).
®R/B: relaxation/Breathing.

"M/M: mediitation/Mindfulness.

9D: distraction techniques.

hsT: self-tailoring.

ism: self-monitoring of symptoms.

igs: goal setting and planning.

Kps; problem solving.

pv: partnership between views of patient and health professionals.
MSS: social support.
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"CR: cultural relevance.
OCriteria not met.
PFree app.

Table4. Mean Mobile App Rating Scale scores of included apps.

Devan et a

App Name MARS? Categories
Engagement Functionality Aesthetics Information Subjective Quality App Quality Mean
Section A Section B Section C Section D Section E Score? (A+B+C+D)
Aware—M editation and 3.60 4.25 4.67 4.20 4.50 4.18
Mindfulness
Counting Downto Relax-  1.80 4.25 2.00 2.83 2.00 272
aion
Curable: Back Pain, Mi- 4.00 5.00 4.66 4.50 4.75 4.54
graineand Chronic Pain Re-
lief
Freedom From Pain 2.60 4.00 2.67 3.50 175 3.19
General Pain Management  3.00 4.75 2.33 3.50 2.00 3.40
Guided Imagery
Headspace: Guided Medita-  4.20 4.50 5.00 4.20 5.00 4.48
tion
Meditations for Pain Relief  3.40 5.00 4.33 325 3.00 4.00
Mindfulness Coach® 2.80 4.75 4.00 4.33 275 3.97
Mindfulness Daily® 4.20 4.50 5.00 4.14 4.75 4.46
Mindfulness Meditation for 2.60 3.50 3.00 3.00 1.50 3.03
Pain Relief-Jon Kabat-Zinn
Pain Control Hypnosishy ~ 3.20 5.00 4.00 4.00 3.00 4.05
Glenn Harrold
Pain Relief and Healing 2.60 4.00 3.00 2.67 175 3.07
Meditation
Pain Relief HypnosisPRO  3.80 4.75 4.67 3.67 325 4.22
PainScale-Pain Diary and ~ 4.20 450 4.67 4.50 4.00 4.47
Coach®
Relax—Stress and Anxiety  3.60 4.75 5.00 3.67 4.00 4.25
Relief
Release Pain with Andrew  3.00 5.00 4.33 3.67 2.75 4.00
Johnson
SahgjaKundalini Meditation 2.20 4.50 3.33 3.00 2.00 3.26
SuperBetter® 4.00 4.00 4.33 4.33 4.25 4.17
2.20 450 3.33 2.33 125 3.09

Yoga For Pain Therapy®

AMARS: Mobile Apps Rating Scale.

ba pp quality mean scores were calculated based on mean scores from engagement, functionality, aesthetics and information quality.

CFree app.

Discussion

Principal Findings

Although this app review identified 19 apps that purported to
support  self-management of persistent pain, the
comprehensiveness of app contents fostering ongoing
self-management skills and functions was limited. Of interest,
2 of the 3 apps (PainScale-Pain Diary and Coach and
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SuperBetter) including the largest number of items to support
self-management of pain were both free, suggesting the potential
for using apps as a scalable, wide-reaching intervention to
complement face-to-face care. None of the included apps
provided information tailored to cultural needs of the user, and
none had been evaluated in people with pain. Furthermore,
features facilitating individual goal setting, peer support, and

IMIR Mhealth Uhealth 2019 | vol. 7 | iss. 2 [e13080 | p.72
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

communicating health information with clinicians were
infrequent.

A mgjority of the included apps (n=11) focused on delivering
a single self-management strategy (eg, meditation and guided
relaxation) for symptom management but lacked the features
to facilitate core self-management skills (eg, goal setting and
problem solving). Apps with more features facilitating core
self-management skills have the potential for facilitating
behavioral change [40], as identified in app-based systematic
reviews promoting physical activity [41,42]. However, the
self-management skills that are most influential in facilitating
long-term behavior change in this clinical population remain
unknown. A recent metasynthesis of qualitative studies
identified that people with persistent pain valued ongoing
support to sustain motivation to incorporate learnt
self-management  strategies after completing face-to-face
treatments [11]. Overal, 3 of the included apps (Curable,
Mindfulness Daily, and SuperBetter) did include 5 out of the 6
core self-management skills, suggesting that apps used after or
alongside face-to-face care could be a feasible mechanism for
providing ongoing self-management support.

Self-management strategies delivered for symptom management
were predominantly mindful ness-based cognitiveinterventions.
Mindfulness-based interventions such as stress reduction and
cognitive therapy have been shown to improvelong-term health
outcomesin peoplewith persistent pain [43]. Mindfulness-based
apps had sophisticated features to facilitate thought and
behavioral management. For example, apps featured weekly
modules for the user to complete and had the capacity to
self-monitor meditations via logs and setting reminders. By
contrast, app facilitating guided relaxation in the form of guided
imagery and hypnosis had only audio tracks with limited
opportunitiesfor tailoring to user needs. Inclusion of persuasive
system design principles by means of task breakdown, providing
reminders, and praise for achieving intended behavior and
providing peer support with similar users has the potentia to
be persuasive to facilitate adherence to self-management
strategies [44].

Pain education and activity pacing, 2 widely used
self-management strategies were infrequently present in the
included apps. For the purpose of the review, pain education
was defined relative to concepts of pain neuroscience education,
information on pain-stress-depression, medication, and sleep
management. Pain neuroscience education has been shown to
improve long-term improvementsin pain-related disability and
functioning [45]. Except for the Curable app, which provided
comprehensive pain education via an interactive virtual pain
coach, it isasignificant omission that pain education and support
for activity pacing were absent from most apps. For peoplewith
pain to successfully pace daily activities, preplanning,
establishing user-centered activity goals, scheduling daily
activities based on their symptoms, and prioritizing to achieve
graded increment of activities are required [46]. These skills
need to be supplemented by constant reinforcement, feedback,
and monitoring [47]. Recent studies have shown the potential
for wearable devices providing real-time feedback during daily
activities and encouraging people to improve pacing [48,49].
Given the complexity in defining pacing, theoretical models
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guiding pacing intervention (operant theory and energy
conservation) [46], and individualized nature of pacing [47],
the potential to facilitate pacing via apps needs further
investigation before widespread inclusion in apps.

Goal setting wasfound in only 3 of theincluded apps, afinding
similar to previous app-reviews on persistent pain [24,31]. It
has been shown to be an effective strategy to foster self-efficacy
in people with pain [10]. Only 2 apps (Mindfulness Coach and
Mindfulness Daily) used a SMART format (specific,
measurable, achievable, readlistic, and timed), whereas
SuperBetter used gamified terms such as quests, power ups,
and bad guys to foster goa setting. Despite the differences,
further research is required to identify best-practice delivery of
the goal-setting features in pain apps that would address the
needs of users[31].

Social support can foster self-management [50], but it was
featured in only 3 included apps. Although most of the apps
allowed usersto post activitiesto social media, which could be
considered a means of facilitating peer support, this criterion
was defined as providing access to peers with a similar health
condition by providing informational, appraisal, and emotional
support from their common disease experiences [51]. An app
meeting this criterion would provide peer support via patients
stories of living well, with pain or discussion forums embedded
in the app. Online support communities to connect and share
information have been shown to improve pain-related outcomes
such as improved self-efficacy and self-reported global health
[52,53]. Although issues related to confidentiality and privacy
need to be considered before incorporation of these features
into apps, people with persistent pain value the importance of
peer support and peer validation as an important skill for
long-term self-management [11].

None of the apps provided culturally tailored information, a
finding similar to our previousreview on pain self-management
websites[54]. Although meeting all these cultural aspectsin an
app may not be possible and would be country or region specific,
there is a need for providing information tailored to cultural
beliefs, considering the existing health disparities across cultures
(eg, ethnic and racial minorities) in pain prevalence and access
to services [55]. From the New Zealand context, providing
culturally appropriateinformation isimportant to meet the needs
of New Zealand Maori—Indigenous people of New
Zeadland—who are at high risk of reporting persistent pain [56]
and experience greater health inequities than any other ethnic
groupin New Zealand [13,57]. It isinteresting to note that none
of the previous app reviews [23,24,30,31,58] have investigated
the provision of culturaly tailored information despite the
evidence to support that cultural beliefs and practices affect
individual pain experiences [59] and adherence to active
self-management strategies[27]. Currently, thereisno guideline
available for cultural tailoring of apps. Codesigning resources
with specific cultural groups by involving significant others
(eg, family members), using visual aids such as pictures,
cartoons, and videos, and simplified text with less jargon have
been shown to positively influence health beliefs and
self-management strategies [60,61], suggesting the potential
for apps as a medium for delivering culturaly relevant
information.
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The included apps had high rating on the MARS. Apps in
general scored highly in esthetics and often earned higher scores
in engagement, resulting in appsthat are easy to use, interactive,
and promoted repeat use. Although 2 of our included apps
(Headspace and SuperBetter) scored on the MARS item 19 for
evidence base for improved health outcomes in people with
anxiety and depression [38,39], no appswerevaidated in people
with persistent pain, afinding similar to a previous app review
on persistent back pain [30]. Furthermore, the mean MARS
total score (3.82) for the included apps was higher than in the
previous pain app review (2.36) [30]. Differences could be
because of the large number of appsreviewed (n=61) compared
with the present review (n=19).

Themajority of included appsrequired payment (n=14,) ranging
from asingle payment of NZD $2.99 to NZD $25.99 per month,
raising the question if pain apps can be an equitabl e intervention.
This is particularly important when considering existing
inequities among peoplewith persistent pain. Asthosein lower
socioeconomic areas are overrepresented in this clinical group
[56], they are also therefore disproportionately impacted by
financial barriers to accessing self-management interventions
[62,63]. Interestingly, the 2 of the 3 highest scored apps from
our self-management support evaluation and MARS rating
(PainScale-Pain Diary and Coach and SuperBetter) were both
free, suggesting that providing high-quality self-management
support via apps can be feasible and equitable.

Limitations

Although thisis the first review to comprehensively assess the
app contents using best-practice items to support
self-management skills, including cultural tailoring in people
with persistent pain, the following limitations need to be
acknowledged in interpreting the resultsfrom thisreview. First,
during our app screening process, we identified a number of
popular apps for symptom monitoring (eg, Manage My Pain
and My Pain Diary), which failed to meet our inclusion criteria
because the present review had an inclusion criterion that
required apps to provide information on pain management
strategies. Although pain intensity assessment is an important
aspect of overall self-management, painintensity aloneisapoor
indicator of suffering and disability associated with persistent
pain [64]. Furthermore, multidisciplinary cognitive behavioral
therapy—based interventions focus on improving pain-related
function instead of pain intensity [65]. Therefore, a
comprehensive evaluation of symptom monitoring apps is
beyond the scope of this review and would require another
systematic review of apps. Although we were able to identify

Acknowledgments

Devan et a

2 apps (Brigham and Women's Hospital (BWH) Pain app and
WebMD Pain Coach) from previous studies[31,66], these apps
were not available at the New Zealand App Store and Google
Play Store. Two popular apps (Pain Tricks and Pain Squad)
were not included as they focused on children with persistent
pain.

Secondly, our customized SMS-14 checklist, although based
on evidence-based recommendations, has not been tested for
validity. However, evidence suggests that technological
interventions with more features facilitating core
self-management skills (self-efficacy building, self-monitoring,
goal setting, and problem solving) and support functions (peer
support and cultural appropriateness) have the potential to foster
long-term adaptive behaviora change [40-42]. Therefore,
clinicians can be reasonably confident in the comprehensiveness
of features facilitating self-management support from the apps
included in the review. We acknowledge this is an area for
further exploration as the most effective component of the
multidisciplinary behavioral interventions remains unknown
[5]. Next, only apps available in the New Zealand stores were
included. This could have missed comprehensive pain
self-management apps that are currently available in other
countries (eg, BWH Pain app and Pain Toolkit). Finally, only
app descriptionswere used in thefirst screening stage, astandard
practice in app-based reviews. Therefore, apps containing
suitable self-management skills may have been missed if these
skills were not described in the app store description.

Conclusions

This app review evaluated the contents of apps fostering
self-management support for people with persistent pain. Of
the 3 apps (Curable, PainScale-Pain Diary and Coach and
SuperBetter) that met the largest number of items to support
skillsin self-management of pain, 2 apps (PainScale-Pain Diary
and Coach and SuperBetter) were free, suggesting the potential
for using apps as a scalable, wide-reaching intervention to
complement face-to-face care. However, none provided
culturally tailored information. Although 2 apps (Headspace
and SuperBetter) were vaidated to show improved health
outcomes, noneweretested in people with persistent pain. Both
users and clinicians have to be aware of such limitations and
make informed choices in using and recommending apps as a
self-management tool. Concerted efforts are required among
app developers, clinicians, and people with persistent pain in
developing and testing apps for better integration of such
technologiesin clinical practice.
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Abstract

Background: Mobile phone apps capable of monitoring arrhythmias and heart rate (HR) are increasingly used for screening,
diagnosis, and monitoring of HR and rhythm disorders such as atria fibrillation (AF). These apps involve either the use of (1)
photopl ethysmographic recording or (2) a handheld external electrocardiographic recording device attached to the mobile phone
or wristband.

Objective: This review seeks to explore the current state of maobile phone apps in cardiac rhythmology while highlighting
shortcomings for further research.

Methods: We conducted a narrative review of the use of mobile phone devices by searching PubMed and EMBASE from their
inception to October 2018. Potentialy relevant papers were then compared against a checklist for relevance and reviewed
independently for inclusion, with focus on 4 all ocated topi cs of (1) mobile phone monitoring, (2) AF, (3) HR, and (4) HR variability
(HRV).

Results: The findings of this narrative review suggest that there is arole for mobile phone apps in the diagnosis, monitoring,
and screening for arrhythmias and HR. Photoplethysmography and handhel d el ectrocardiograph recorders are the 2 main techniques
adopted in monitoring HR, HRV, and AF.
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Conclusions: A number of studies have demonstrated high accuracy of a number of different mobile devices for the detection
of AF. However, further studies are warranted to validate their use for large scale AF screening.

(JMIR Mhealth Uhealth 2019;7(2):€11606) doi:10.2196/11606

KEYWORDS

mobile phone apps; atrial fibrillation; heart rate; arrhythmia; photoplethysmography; el ectrocardiography; mobile health

Introduction

Over the past years, there has been a significant increase in the
number of maobile phone apps focusing on cardiovascular
diseases. These apps are designed to monitor cardiovascular
risk factors such as obesity, smoking, sedentary lifestyle,
diabetes, and hypertension as well as to prevent and manage
chronic conditions such as atrial fibrillation (AF) [1-5]. There
are currently more than 100,000 available maobile health apps
on iTunes and Google Play aswell as more than 400 wearable
activity monitors [6]. Approximately 64% of adults possess a
mobile phone in the United States, and 62% of mobile phone
ownersusetheir phonesto access health information and obtain
education about diseases and health conditions [6]. Previous
research has reported the benefits of using mobile health in
modifying behavior to improve cardiovascular health through
dietary management, physical activity promotion, smoking
cessation, weight control, blood pressure control, cholesterol
management, and blood sugar measurement [7-12]. However,
there remains some ambiguity when it comesto the use of such
apps in heart rate (HR) and HR variability (HRV) because of
the lack of reliable statistical tests used in studies and the lack
of standardized recommendations from professional bodiesin
terms of screening and monitoring of these parameters, as
highlighted by Pecchiaet al recently [13].

Currently, mobile phone-based photoplethysmography (PPG)
and handheld electrocardiograph (ECG) recorders are the 2
main concepts adopted in monitoring HR, HRV, and AF [14,15].
PPG isan optical technique that detects heartbeats by analyzing
changesin skin color and light absorption. Using a mobile app,
the PPG sensor detects variations in light intensity via
transmission through or reflection from the tissue (the
reflectance and transmittance model). Thevariationsin the light
intensity are related to changes in the blood perfusion of the
tissue, and based on these changes, heart-related information
can beretrieved [14,16]. Similarly, the handheld ECG recorder
is also based primarily on a mobile phone and mobile phone
app interface. However, an additional external component, an
ECG sensor unit, isrequired for the app to function adequately.
This will then allow for a standard lead | ECG to be recorded
[15]. For the purpose of this review, the term handheld ECG
recorder will refer specifically to the mobile phone app
involving an external ECG sensor component, which is not
required by the PPG approach.

Studies have been conducted using mobile phone apps, such as
AliveCor, to detect arrhythmias such as AF[17-19], atrid flutter,
atrial and ventricular premature beats, bundle branch blocks,
and ST-segment abnormalities[20]. Asthe use of maobile phone
apps in cardiovascular care is a rapidly evolving field, this
literature review seeksto act as a checkpoint, encapsul ating the

http://mhealth.jmir.org/2019/2/e11606/

current state of mobile phone-based PPG and ECG recorders
in monitoring HR, HRV, and AF. Thiswill put into perspective
what has been effective and applicable along with the relevant
challenges encountered to better navigate future research
projects into this niche.

Methods

Overview

A PubMed and EMBASE search that primarily concerned the
use of mobile phone apps for monitoring HR, HRV, and AF
was conducted. The following search string was employed:
(“mobile applications” OR “smartphone” OR “digital health”)
AND (“atria fibrillation” OR “heart rate”). The search period
was determined as beginning from the earliest available
publicationsin the databases to October 14, 2018. No language
restrictions were included.

The search results were subsequently transferred to Microsoft
Excel (Microsoft Corp, Redmond WA), and al potentialy
relevant reports were retrieved as complete manuscripts and
abstracts and assessed for compliance with relevance to the 4
core principles of this narrative review: (1) mobile phone apps,
(2) HR, (3) HRV, and (4) AF. Overall, 3 authors (CL, FW, and
TT) independently reviewed each publication and report, and
findings were agreed upon by consensus with input from 2
senior researchers (BY and GT). A total of 1006 papers were
found, and 822 publications were excluded after screening due
to irrelevance and noncompliance with principles explored.
Thus, 124 papers were used for this narrative review
(Multimedia Appendix 1).

Results

Atrial Fibrillation and Other Arrhythmias

Atrial Fibrillation—KardiaMobile App

The KardiaMobile app, developed by AliveCor [21], is a
commonly used device in studies investigating the monitoring
of AF. The equipment comprises afinger pad sensor for the | eft
and right hands, which is attached to the mobile phone, and an
app that receives the transmitted information. A 2017 study by
Tu et a gives a detailed account of the technology used by the
device [22]. When fingers are placed on the sensors, recording
begins. Using a 19,000 Hz center frequency and a modulation
index of 200 Hz/mV, electrica activity is transmitted to the
mobile phone via ultrasound signal frequency modulation to
obtain the ECG trace. The frequency and modulation index
signal that istransmitted to the microphone of the mobile phone
are digitized at 44.1 kHz and 24-bit resolution, respectively.
The app isthen ableto produce an ECG trace from the received
signal (300 samples/second, 16-bit resolution), which can either
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be viewed asiit is produced or be stored as a PDF file for later
viewing. Onthebasis of the absence of Pwavesand irregularity
of the RR (R waveto R wave) interval, the associated algorithm
within the app produces a potential AF diagnosis[22].

The Lau et a study [23] took a group of 109 patients, 39 of
which werein AF, and used the AliveCor algorithm to analyze
the rhythms, obtaining a sensitivity of 87% and specificity of
97% when compared with interpretation by a cardiologist. The
algorithm wasthen altered by increasing the weighting of absent
P waves in the diagnostic process, and recordings were
conducted on this same set of patients. The optimized algorithm
wasfound to have a sensitivity of 100% and specificity of 96%.
A second set of 204 patients, with 48 having known AF, were
then analyzed by the optimized algorithm, which obtained a
sensitivity of 98% and specificity of 97% in this second dataset.
Other studies have largely found the sensitivity of the AliveCor
deviceto beintheregion of 90% to 98%, with specificity values
ranging from 29.2% to 99% in various studies[24-29]. However,
a study on the use of AliveCor in inpatients in cardiology and
geriatric wards only found a sensitivity of 54.5% and 78.9%,
respectively, for these groups [26], whereas another study
published in 2017 used the AliveCor a gorithm asacontrol and
found a sensitivity of 71.4% for AliveCor [30]. A study of
13,222 patients identified 101 participants to have previously
undiagnosed AF, with 65.3% of these patients reporting no
symptoms before this diagnosis [24]. Within the field of
pediatrics, accurate single-lead ECG tracings were al so obtained
in both healthy children and children with arrhythmic
abnormalities [31]. The device is generally well tolerated, and
patients report that it is easy to use [27]. Implementation of the
AliveCor in community health care settings has also been
investigated. Patients generally responded positively to the
suggestion of an ECG being conducted by a pharmacist while
they were attending the pharmacy for other purposes [32].
However, some patients were unwilling to have this conducted
for the fear of discovering something was wrong. In a primary
care setting, the use of AliveCor waswell received by patients,
but the staff had some reservations about being involved because
of aself-perceived lack of knowledge [33)]. Patients also report
that they felt more confident in managing their AF by using the
app [27,34]. The AliveCor device [18,35-37] has also been
incorporated with patient education to increase the knowledge
of the patients about AF [38]. Mobile apps have been extended
to monitor paroxysmal AF for intermittent anticoagulation [39].
This evidently raises public health issues of systematic and
opportunistic screening. In arecent evaluation of the European
Heart Rhythm Association Consensus on screening AF,
opportunistic screening was recommended for individual saged
above 65 years and younger patients at high risk of stroke [40].
Assuch, itisimportant to understand local screening guidelines
before systematic or opportunistic screenings commence as
large number of false positives yields unnecessary, expensive,
and potentially harmful follow-ups that might affect patients
mental health.
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Atrial Fibrillation—CardiioRhythm App

The detection of AF by analysis of finger and facial PPG signals
using the CardiioRhythm mobile phone app has been tested in
2 recent studies. In the study by Chan et a [30], finger PPG
waveforms of 20-seconds duration were captured 3 times using
an iPhone 4S equipped with the CardiioRhythm app and
compared with the AliveCor single-lead ECG as referenced.
Finger PPG waveforms were captured using the light emitting
diode flash of the iPhone and the camera, which detected
reflected light to measure the arteria pulsation. These
waveforms were recorded at 30 Hz, with the duration of each
recording being 17.1 seconds, and werefiltered with abandpass
filter using arange of 0.7 Hzto 4.0 Hz. AF was diagnosed from
thisif 2 of the 3 PPG recordingswereirregular. Thiswasdefined
as alack of repeating pattern, using a Support Vector Machine
to classify the waveforms as similar or nonsimilar to other
waveforms. Analysis of the diagnoses put forward by the
CardiioRhythm app in this study showed asensitivity of 92.9%
and specificity of 97.7% in detecting AF compared with a
sensitivity of 71.4% for the AliveCor device that was obtained
by this study. This study found the specificitiesfor the 2 devices
to be comparable. Thefirst prospective, international, 2-center,
clinical validation study (DETECT AF PRO) based on similar
finger PPG technology was also conducted recently to
demonstrate the feasibility of such apps alone with a 5-min
sensitivity and specificity of 91.5% and 99.6%, respectively
[41].

In another study by Yan et a, the CardiioRhythm app was used
toanalyzefacial PPG signalsin 217 patientsrecorded using the
front camera of an iPhone 6S without physical contact (Figure
1) [42]. Overdl, 3 successive 20-second recordings were
acquired per patient. Pulse irregularity in 1 or more PPG
readings or 3 uninterpretable PPG readings were considered a
positive AF screening result. The CardiioRhythm facial PPG
app demonstrated a sensitivity of 94.7% and specificity of
95.8%. The positive and negative predictive values were 92.2%
and 97.1%, respectively.

Atrial Fibrillation—FibriCheck App

A recent study conducted by Mortelmans et al [43] used the
PPG app FibriCheck. The patient places the left index finger
over theflashlight and camera, holding their finger horizontally
and keeping the finger in placefor 1 min. To ensure an accurate
reading, the screen becomes red when appropriate contact has
been made, and the practitioner manually commences the
measurement. The amount of light that is reflected onto the
camera is then captured and used to calculate the variation in
local arteriole blood volume pul se variation. The rhythm of the
pulseisthen identified based onthe RR interval. The app inthe
mobile phone then judges the quality of the signal based on the
detection of the pulse. If the detection was masked with noise,
or beats were absent, these recordings were not included in the
app’s analysis. When measurements were detected as a good
signal, these data were interpreted by the AF algorithm.
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Figure 1. (A) Patient setup; (B) cardiioRhythm app facia photoplethysmography analysis interface; and (C) complete facial photoplethysmography

signals report.

A

Concurrently with the PPG measurement, a single-lead ECG
was taken and analyzed by the FibriCheck app. Selection of the
datatook place based on quality, and good quality measurements
were analyzed by the AF algorithm using variability between
RR intervals to detect irregularities. The FibriCheck app was
used on an iPhone 5S. With 242 participants, this study found
a sensitivity of 98%, specificity of 88%, and accuracy of 93%
for the FibriCheck algorithm when the data were obtained via
PPG. Interpretation by the app of the single-lead ECG performed
better, yielding a sensitivity of 98%, specificity of 90%, and
accuracy of 94% when compared with standard ECG. When
comparing the 2 methods by false-positive results, when
analyzed by FibriCheck, 8 false positives were produced from
a trace obtained by PPG measurement and 11 false positives
were produced from atrace obtained by a single-lead ECG.

Atrial Fibrillation—Other Methods of Detection

Some studies have looked at the use of theinertial measurement
unit, using modern microelectromechanical (MEMS) sensors
already present in mobile phones, to detect AF [44]. The patient
is advised to lie supine and place the maobile phone on their
chest. The accelerometer of the maobile phone, which detects
the orientation of the phone, can detect cardiogenic movements
of the chest. The movements detected are those caused by the
opening of the aortic valve, and so, the interval between each
successive valve opening is recorded and considered to
determine the presence of AF. This yielded a sensitivity of
93.8% and specificity of 100% in the detection of AF. A similar
study used the MEMS sensors of mobile phones to obtain
measurements, which when analyzed by machine learning
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methods found a sensitivity of 98.5% and specificity of 95.2%
in its best performing method [45].

Thefeasibility of producing awearable sensor that records HR
and transmitsinformation to amobile phone app was examined
[46]. Theway thisapp identifies AF issimilar to the FibriCheck
app. Asan example, a42-year-old male admitted with new-onset
AF of undetermined duration was deemed appropriate for
electrocardioversion because of his FitBit Charge HR device
recording the time at which increased HR was observed,
allowing the onset of AF to be identified [47]. In a study by
Yan et a, the diagnostic accuracy of the CardiioDeepRhythm
app, adeep convolutional neural network for detecting AF from
the PPG signal acquired using an off-the-shelf wrist-worn device
(EmpaticaE4, Milan, Italy), wastested in 51 in-hospital patients
reporting a sensitivity and specificity of 93% and 94%,
respectively [48]. These findings demonstrate the promising
value of PPG sensorsfor ambulatory AF monitoring. Krivoshe
et al [49] conducted a study investigating the use of PPG in AF,
with a view to implementing the technology in a smartwatch;
the protocol for thistrial was published as an abstract during a
conference [50]. Table 1 summarizes the sensitivities and
specificities of the apps in AF detection. Despite some studies
conducting direct comparisons between different technol ogical
modalities [30], it is till done with reference to the gold
standard of a conventional 12-lead ECG within a short period.
This is especially important because none of the new app
technol ogies have been properly integrated into the wider health
care network as compared with the 12-lead ECG, which is a
validated instrument commonly available within primary and
secondary care settings.
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Table 1. Sensitivities and specificities for the 5 main technologies applied in atrial fibrillation detection.

Modealities Sensitivity (%) Specificity (%)
Origina AliveCor agorithm (finger pad sensor) 54.5-98.0 29.2-99.0
Optimized AliveCor agorithm (finger pad sensor) 98-100 96-97
CardiioRhythm (finger PPG?) 92.6-92.9 94.8-97.7
CardiioRhythm (facial PPG) 94.7 95.8
CardiioRhythm (wristband PPG) 93 94

FibriCheck (finger PPG) 98 88-90

Inertial measurement unit (chest accel erometer) 93.8-98.5 95.2-100

8PPG: photoplethysmography.

Heart Rate and Heart Rate Variability

Heart Rate

There has been considerable innovation in the use of mobile
phone apps for the purpose of HR monitoring in adults. In
particular, numerous studies have investigated the potentia of
2 specific methods—seismocardiogram (SCG) and PPG—in
producing accurate HR measurements. Landreani et al, for
instance, described the application of SCG and
ballistocardiogram (BCG) signals for HR monitoring apps in
mobile phone—embedded accel erometers[51]. Thisisachieved
by determining the RR interval of sufficient amplitude and
subsequently detecting thefiducial peak from the SCG and BCG
signals. In PPG, the accuracy of this method was aso
demonstrated in a study by Alaleef et al, who found a 99.7%
accuracy and maximum absolute error of 0.4 beatsmin [52].
The accuracy and feasibility of PPG signalsfrom mobile phone
apps aso varied between different types of PPG apps. In
Parpinel et al’s study, higher feasibilities and accuracies were
found for contact PPG—-based apps compared with the
noncontact PPG—based ones [53]. Koenig et al [54] found that
their algorithm using PPG to assess HR had a consistent
accuracy when compared with ECG (correlation index R>.99).

Gold Standardsand Validation of Mobile PhoneHeart Rate
Apps

Although there is currently no consensus on the gold standard
for the validation of HR apps, Vanderberk et a suggested the
comparison of the HR on mobile phone apps with an ECG
system via RR intervals. With regard to the actual accuracy of
these mobile phone apps, there was no significant difference
(P=.92) found between the interval measurements of the HR
app and the ECG system, suggesting that the HR apps have a
comparable accuracy with ECGs[55]. Thisisfurther supported
by a recent comparison of 3 HR apps against simultaneous
standard ECG monitoring, which found an acceptable
correlation. However, accuracy became questionablein specific
cases of irregular rhythms such as AF [56].

Heart Rate Appsin Different Fields

The use of HR apps has been tested in different clinical settings.
In a specific app reviewed by Chaudhry et a, named Unique
Heart Rate Monitor, PPG was used for the measurement and
categorization of workout intensity. It also allows subjects to
check their HR in responseto medical therapy [57]. Theclinical
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use of HR apps during exercise was al so assessed by numerous
studies. In particular, some studies noted that the measurement
accuracy tended to differ at different exercise intensities. In 1
study, the app had higher measurement errors at increased
exercise intensities when compared with  Holter
echocardiography monitors; however, it had similar accuracy
to the Holter monitor at resting and recovery stages [58]. Yan
et a presented similar findings, athough the correlations
between thefacial PPG—estimated HR and ECG HR had smaller
variations (r=.997 on resting compared with r=.982 with
postmoderate intensity exercise) [59]. Furthermore, it was also
found that both iOS and Android operating systems, with the
same HR app, had concurrent validity with an FT7 Polar HR
monitor at rest and at postexercise time points [60]. Although
many studies reported the use of mobile phones as the media
for measuring and interpreting HRs, some studies used mobile
phone apps as a feedback system rather than the actual HR
sensor. By using Bluetooth communication, subjects had their
HR measured by a specially devised HR sensor at different
exercise intensities, and this information was transferred via
Bluetooth back to the mobile phone for analysis based on
existing information during the pre-exercise period [61]. In
addition, some cardiac HR monitorshaveabuilt-in a ert system
with real-time bradycardiaand tachycardiaarrhythmiadetection.
In the study by Golzar et al, users reported almost zero delays
with data transmission and a 91.62% performance accuracy in
comparison with regular ECG monitoring [62].

Apart from using HR apps for exercise HR monitoring, other
studies also investigated the potential use of HR monitoring to
reduce the exercise-induced risk of hypoglycemia. Thisisdone
within the context of control-to-range closed-loop artificial
pancreas systems. By integrating HR as part of the feedback
system in the Android app, it was found that the inclusion of
HR monitoring better controlled blood glucose decline during
exercise (P=.02) and resulted in fewer hypoglycemic events
during exercise (P=.16 for none vs 2 events) [63].

The use of camera-based PPG has a so been suggested for use
in other age groups, including infants and newborns. Although
the method has reported inaccuracies because of subject
movements throughout the day, Kevat et a found that this
method of HR measurement had increased clarity and precision
in neonates receiving phototherapy [64]. Although this specific
application of PPG may have potential usein pediatric patients,
the inaccuracies of this method remain. Thus, when PPG is
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compared with normal ECG monitoring, different phone apps
had lower accuracies for HR measurements using the finger or
toe but higher accuracies at the earlobes. HR measurements
wereinaccurate above 120 bpm [65]. These results suggest that
thetechniqueisstill evolving and requires considerableresearch
beforeimplementing it asa standard alternative to regular ECG
HR monitoring for pediatric populations.

Apart from HR measurements in neonates and children,
Android-based HR apps have a so been devel oped to track and
increase adherence to certain activities such as breathing
awareness meditation. In the study by Gregoski et al, atension
tamer HR app used PPG via phone camera lens to transmit
time-stamped HRs back to the hospital server for real-time
adherence collection [66]. However, the very small sample size
prevents definite conclusions to be drawn. The inaccuracies of
these maobile phone apps were also found in the context of fetal
HR monitoring by Soffer et al, who reviewed 30 unique apps
and found that over 33% of the apps did not put disclaimers
and/or provided false medical information [67].

Although PPG has been widely investigated, the use of mobile
phonesto generate phonocardiograms (PCGs) has been reviewed
by many investigators such as Chen et al, who used iPhone 4S
to record heart sounds from subjects at rest or postexercise and
used these sounds for HR calculation in PCGs via the
peak-based detection method [68]. Although the use of this
Web-based PCG-template extraction and matching was found
to be accurate, further research needsto be doneto validatethis
finding.

Heart Rate Variability

Apart from HR, HRV measurementsin mobile phone apps have
also been extensively researched. Sometimes coined as the RR
interval, HRV is the measure of the variation in time intervals
between heartbeats, usually with reference to ventricular
contraction. Classically, HRV ismeasured using the ECG using
mainly the time-domain and frequency-domain approaches
introduced in 1996 [69,70].

With the use of PPG, Bolkovsky et a used both Android and
iPhone mobile phonesto obtain RR intervals and subsequently
deduce HRV viacomplex HRV agorithms. Although the results
were statistically same asthe ECG gold standard, themainissue
was the insufficient sampling rate in both phones (20 Hz in
Android and 30 Hz iniPhone), which was below the suggested
rate of 250 Hz [71]. mobile phone PPG has al so been advocated
by Plewset al, who reported almost perfect correlations of PPG
with the ECGs (R=.99), with an acceptable technical error of
estimates and trivia differences in standardized differences
[72]. The accuracy and reliability of mobile phone PPGs have
also been validated in other studies; in some cases, mobile phone
PPGswerefound to have comparabl e accuracieswith commonly
used HRV computer software programs (R=.92) [73]. Other
methods of HRV measurement have also been studied, such as
seismocardiography. Although sampling frequency from mobile
phone devices accounted for a significant source of error, RR
seriesmeasurements differed by lessthan 10 msin some studies,
suggesting the comparable accuracy of thismeasuring technique
[74].
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Although many studies support mobile phone PPG, common
errorsin using this low-cost technology include frequent noise
and artifacts in measurement. To reduce the impact of noise,
however, Huang et a proposed the use of a continuous wavel et
transform denoising technique to extract the pulse signal and
subsequently deduce the RR intervals in the denoised signal.
The experiments showed low mean absolute errors of only 3.53
ms, highlighting the efficacy of this proposed method in
reducing mobile phone PPG errors. The use of this technique
for error reduction should thus be investigated further [75].

Although methods have been proposed to reduce the impact of
noise and artifacts in HRV measurement, other studies have
investigated the effect of mobile phone models on the SD of
beat-to-beat error measurement (SDE) of HRV indices. In 1
study, 2 different mobile phone models (Samsung S5 and
Motorola) showed significant device influence in the supine
posture measurement, with the M otorolamodel having ahigher
SDE than the Samsung S5 [76].

Application of Heart Rate Variability

In 1 case report, La et a reported the potential use of HRV
measurement analysisin monitoring concussed athletes aswell
as assessing their capacity to return-to-play [77]. Via an
AliveCor mobile phone ECG app, HRV parameters were
statistically significant in symptomatic and recovered concussed
athletes. However, the study noted that this difference was
affected by the severity of traumatic brain injury, whereas other
similar studies reported no difference in HRV parameters
[78,79]. Other studies also proposed the potential use of mobile
phone-derived HRV in athletic training programs; for instance,
collection of daily HRV data on mobile phones using ultrashort
HRV measures provides trainers with numerical indicators on
athlete coping and adaptation [80]. Similar studies by Flatt et
al also found that measuring the log-transformed root mean
sguare of successive RR intervals (RMSSD) multiplied by 20
(INRM SSDx20) obtained by mobile phone apps were sensitive
markersto the changesin training load in soccer team’straining
program [81].

HRV by mobile phone apps have a so been used as an accurate
predictor of acute mountain sickness (AMS) at high altitudes.
In 1 study, Mellor et al reported lower HRV scores in those
with mild and severe AM S compared with those without AMS
(P=.007) and found that areduction in HRV greater than 5 had
an 83% sensitivity and 60% specificity of identifying severe
AMS. Asthisisthefirst study of itskind, further studies should
be conducted to confirm these findings [82].

HRV measurement by mobile phone appswas al so investigated
with regard to the autonomic nervous system and mental health.
For instance, Heathers et a found that pulse rate variability
(PRV) could be measured by mobile phone substitutes with
accuraciesranging from 2% to 5% for low- and high-frequency
spectral power, respectively [83]. Mobile phone apps, thus, may
play afuturerole in psychophysiological research. In addition,
mobile phones have also been used in stress classification via
the use of night-time HRV data and as a monitoring tool for
mental stress in different psychological settings [84,85]. The
drawbacks of these studies, however, are the fairly low
accuracies (59%) and that the HRV measurementswere confined
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to ultra-short periods. The potential for long-term measurement
should thus be investigated [85].

Other Arrhythmias

Although alarge proportion of the research hasinvestigated the
use of mobile apps to detect AF, other arrhythmias have been
investigated. A study presented in abstract in 2016 by Dimarco
et al [86] used the AliveCor device to investigate 148 patients
who had reported pal pitations for arrhythmias. The device was
used as an dternative to ambulatory monitoring.

An ECG trace was obtained using the device, and the trace was
then interpreted by a cardiologist. The traces obtained were of
suitable quality to diagnose arrhythmias, with diagnoses of
supraventricular or ventricular ectopy in 27.4% of patients,
sinus tachycardiain 18.6%, AF in 7.1%, and supraventricular
tachycardia in 5.3%, which could be managed appropriately.
In the remaining 41.6%, they could be reassured that they
remained in sinus rhythm.

When the AliveCor device was used to measure corrected QT
(Q wave to T wave) interval in those with sinus rhythm and
antiarrhythmic drugs, results suggested that it was comparable
with 12-lead ECG [87]. With asensitivity of 64% and specificity
of 97%, this suggested that the device could be used to monitor
thosewith arrhythmias. A study comparing the AliveCor device
with a 14-day event monitor found that the device was
equivalent to the event monitor in detecting AF and premature
atrial contractions (PAC) but was dightly less effective in
identifying episodes of premature ventricular contractions (PV C)
[88].

The Smartphone Pediatric ElectrocARdiogram trial [89]
investigated the use of the AliveCor device in pediatric patients
with known paroxysmal arrhythmias. The device produced a
trace, which was then reviewed by a cardiologist. Of the 240
traces recorded by 20 patients, 231 were suitable for diagnostic
purposes. A total of 35 patients were initially included in the
trial; 15 of these patients did not transmit ECGs. Of the suitable
traces, sinus rhythm was detected in 43% of the traces.
Moreover, 29% displayed sinus tachycardia, supraventricular
tachycardia was present in 16%, and AF was present in 8%.
Furthermore, 98% of parents of patients involved in the trial
reported greater comfort in managing their child’s arrhythmia,
with 93% expressing a desire to continue using the device.

A study by Mc et a [90] assessed whether the Pulse Waveform
Analysis app could distinguish sinus rhythm and AF from PAC
and PV C. The patient covered the cameraand lamp of aniPhone
4S with their finger for 2 min, allowing a pulse waveform to be
recorded and avideo of blood flow to be recorded. A total of 3
statistical techniqueswere then used in combination—RM SSD,
Poincare plot, and Shannon Entropy (ShE)—to distinguish AF
from ectopic beats. Resultsfor each of the arrhythmiaswere as
follows: for AF, a sensitivity of 97%, specificity of 93.5%, and
accuracy of 95.1%; for PAC, asensitivity of 66.7%, specificity
of 98%, and accuracy of 95.5%; and for PV C, a sensitivity of
73.3%, specificity of 97.6%, and accuracy of 96%. A similar
study assessed the use of a mobile phone app identifying PVC
using RR intervals, finding a sensitivity of 90.13% and
specificity of 82.52% [91]. A study using similar methods found
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that the best results were obtained when RM SSD and ShE were
combined to analyze the trace. When these 2 techniques were
combined in a study of 76 participants, the results were 100%
accurate for detecting AF and 96.05% accurate for detecting
sinus rhythm [92]. Using simulated ECG signals from the
Massachusetts Institute of Technology—Beth Israel Hospital
arrhythmia database, a study tested the ability of an Android
program to detect arrhythmiasfrom ECG traces[93]. Theanalog
ECG traces were converted to a digital format and then made
available for transmission via Bluetooth. The Pan-Tompkins
algorithm [94] was then used to identify RR intervals to
determine the heartbeat. The algorithm produced an accuracy
of 98.98% at detecting sinus rhythm and an average accuracy
of 98.34% at detecting 7 different possible heart rhythms.

Discussion

Limitations

The main limitations of this narrative review are the lack of
focus on more specific arrhythmias beyond normal sinusrhythm
and AF. However, normal sinus rhythm and AF are
epidemiologically the most common types of heart rhythm;
hence, it isimportant to establish a strong foundation for these
appswith these rhythmsfirst. Second, itis common for narrative
reviewsto circumvent important criteriato mitigate bias because
of the lack of a rigorous evidence-based methodology. This
inevitably leadsto sel ection bias based on expert opinions. This
bias was addressed in this narrative review by adapting the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses criteriato select relevant publications. In doing
s0, al evidence pertaining to theissues discussed in thisreview
has been considered to provide a balanced understanding and
discussion.

Photoplethysmography

Despite being effective in accessing HR and HRV, the
applications of PPG monitoring are limited by multiple
confounders such asfinger pressure, skintone, light intensities,
and user movement leading to artefactual measurements[95,96].
Assuch, thiswill have animpact on thefeasibility and reliability
of mobile phone-based PPG within clinical practice. A
minimum sampling rate is necessary for clinicaly accurate
measurements—30 Hz for HR and 200 Hz for HRV
measurements [97,98]. However, the frame rate of mobile
phones usually operates around 30 Hz, which is a major
limitation identified by Bolkhovsky et al [71]. It was proposed
that using cubic interpolation, the second derivative, and the
zero-crossing algorithm instead of minima detection would
overcome this limitation and alow for better HR detection
[99-102]. A filter is required to remove artifacts without
compromising the original signal when conducting a
time-domain analysis to evaluate small variations occurring in
normal-to-normal intervals [103]. Examples of filters are
independent component analysis using accelerometer data to
remove artifacts [104] or employing a fourth-order bandpass
filter [99,101]. A heating problem was aso noticed by
GarciaAgundez et al when testing their agorithm, which
resulted in complaints about the discomfort of holding the
mobile phone [102]. Furthermore, although the SCG
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accelerometers could be used without supporting ECG signals,
HR detection was only possibleif patients were motionless and
supine, leading to considerable variability in data collection
because of different measurement positions. There were aso
difficulties encountered in setting appropriate R-peak thresholds
and in comparing the data with simultaneous ECG signals (the
gold standard technique) [105,106]. Another area to consider
isthe use of PP (P wave to P wave) intervals and PRV instead
of theRR interval and HRV. Although most studiesuse RR and
HRV approaches with supporting literature that time domain,
frequency domain, and Poincare plot HRV parameters computed
using RRinterval and PPinterval methods showed no significant
differences, the PP variability wasfound to be accurate (0.1 ms)
compared with RR variability [107]. Furthermore, most studies
usualy compare between normal sinus rhythm and AF
However, a simple ectopic will be able to derange specificity
to unacceptable levels. In this respect, more research needs to
done to evaluate the impact of short-term arrhythmic
abnormalities on PPG-based and single-lead ECG—based AF
detection modalities.

Handheld Electrocardiograph Recorders

Handheld single-lead ECG recorders, which correspond to the
standard lead |, do not cater to potential positional variability.
For example, in cases where the heart is positioned more
vertically, the amplitude of the QRS complexes may bereduced
and comparable with the amplitude of artifacts [15].
Furthermore, asingle recorded lead | ECG also does not allow
for differentiation between types of narrow and wide complex
QRS tachycardia [15]. Although small studies have been
conducted to show that it is plausible to use asingle-lead ECG
to diagnose the ST-segment el evation acute coronary syndrome
[108], itisnot sufficient to warrant routine clinical use. In some
situations, new materials and sensors (eg, biopatches) have
allowed these ECGs to be recorded from atypica places (eg,
mastoid ared) [109] and under different environmental
conditions such as after immersion in water or in areas with
magnetic fieldsbetween 1.5 and 3 T (during magnetic resonance
imaging) [110-113]. Novel biopatches have also allowed other
parameters such asrespiratory rate, body position, temperature,
and quality of sleep or physical activity to be monitored, which
aids in excluding ST depression caused by increased physical
activity or changes in body position [19,114,115]. However,
when this is coupled with fewer leads, not only will there be
suboptimal signal-to-noise ratio but signals generated might
also be different from those produced by standard ECG leads
[15]. Furthermore, the utility of biopatches comes with a
drawback of having a short intersensor distance, which could
potentially compromisethe quality of the Pwaverecorded [15].

Health Care Infrastructural | mplementation

Despite being a promising concept, there are currently clear
limitations to the use of mobile phone apps for HR, HRV, and
AF monitoring. Looking beyond the technological drawbacks,
thereislittle evidence as to how mabile phone monitoring will
be matched with health care infrastructural changes to allow
for such data to sync with the electronic medical record
[116,117]. Furthermore, not all patients will have the same
device or mobile phone, which may result in different recorded
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results. Special clinical attention also has to be given to
incidental findings of ECG abnormalities such as ventricular
and supraventricular tachycardia in asymptomatic low-risk
patients [15]. The impact of app use on health care servicesis
also not to be underestimated. The necessity for a health care
professional to confirm arrhythmias detected by these appswill
result in a significant burden on services. Given the transient
nature of some arrhythmias, an app with a high specificity is
likely to be more beneficial to avoid over investigation and
treatment of patients, reducing the impact on existing services.

A recent large-scale community AF screening program on more
than 10,000 patients aged above of 65 years was conducted,
proving the feasibility of integrating this technological
within-health care servicesto identify with new AF [118]. The
main drawback illustrated by this study is the lack of
downstream management pathways. Thisrai sesthe medico-lega
aspect of introducing mobile phone apps. First, there must be
an understanding as to how these apps will support decision
making or purport to intervene in clinical decisions. This, in
turn, will lay the foundation for arobust government framework
to evaluate its effect on clinica outcomes and potential
unintended consequences [119,120]. A deeper engagement in
this respect was raised in January 2016 when 2 class action
lawsuits were filed against such manufacturers, calling into
guestion the reliability and accuracy of these devices and apps
[121]. Perhapstheissueisin classifying these devices and apps
as certified medical devices. Despite the intuitive need for
medical devices to be of high quality, local regulations for
medical devices have to be followed. Such regulations range
from the Medical Devices Framework concept of intended
purpose to the risk-based case-by-case approach employed by
the US Food and Drug Administration [122].

Looking specifically at the European regulations, the Medical
Device Directive was replaced by the new Medical Device
Regulation. Although the new regulatory framework till
revolves around intended purpose, the bar for medical device
classification has been lowered because of abroader definition
assigned to the term medical purpose. In short, despite the
undisputed potential of such apps in the detection of
arrhythmias, adhering to appropriate laws and regulations
remains a significant hurdle to address [123].

Conclusions and Future Directions

In this study, we conducted a narrative review of the literature
surrounding the usage of mobile phone apps in the monitoring
of HR and rhythm. Thefindings of thisnarrative review suggest
that there is a role for mobile phone app in the diagnosis,
monitoring, and screening of arrhythmias and HR. The usage
of apps in specific situations, such as during and following
exercise or to measure corrected QT interval following the
administration of medications, has also shown a role for the
apps in more specific scenarios. Although the majority of
literature reviewed focused on adult patients, the use of PPG
apps in pediatric and neonatal patient populations requires
further studies.

Some problems identified with the use of these devices have
included patient movement resulting in artifact and in positional
variability in patient usage affecting results. This has been
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demonstrated in studies investigating both adult and pediatric
patients [89]. There is aso an issue regarding consistency and
availability of mobile phones, with variation in the devices used.
Within the context of HR monitoring and AF detection, given
the impressive degree of sengitivity (>90%) and specificity
(>90%) in most cases or apps, neither sensitivity nor specificity
is more important than the other. Instead, it is important for
both sensitivity and specificity to be maintained at a high level
or be on par with the standard ECG, especially in patients with
pacemakers or implantable cardioverter defibrillators [124].
Therefore, further studies are required to address these issues
before they can be routinely implemented. As such, there are
little implications for current practice at this point.

Moving forward, further large-scale validation studies ooking
beyond normal sinusrhythm and AF arerequired. For example,

Lietd

it is important for these apps to not mistake malignant
ventricular ectopics as sinus rhythm or AF as it will be
potentially harmful to patients. With regard to AF detection,
multiple studies have been conducted to validate its feasibility.
Perhaps it would be best to start conducting large-scale AF
screening programs. Doing so will help address the following
points: (1) the medico-legal aspect of implementing these apps
as valid medical devices for systematic and opportunistic
screening nationally, (2) the cost-effectiveness of identifying
new AF patients through such a screening program, and (3)
refinement of a suitable management pathway for new AF
patients identified through this process. Such an initiative has
the potential to reduce AF burden internationally and increase
the efficiency of picking up AF in the community. Within the
clinical setting, apps used by patients can prompt clinicians to
perform further investigations such as a confirmatory ECG.
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Abstract

Background: Tuberculosis (TB) management can be challenging in low- and middle-income countries (LMICs) not only
because of its high burden but also the prolonged treatment period involving multiple drugs. With rapid development in mobile
technology, mobile health (mHealth) interventions or using a mobile device for TB management has gained popularity. Despite
the potential usefulness of mHealth interventionsfor TB, few studies have quantitatively synthesized evidence on its effectiveness,
presumably because of variability in outcome measures reported in the literature.

Objective: Theaim of this systematic review wasto eval uate the outcome measures reported in TB mHealth literaturein LMICs.

Methods: MEDLINE, EMBASE, and the Cochrane Database of Systematic Reviews were searched to identify mHealth
intervention studies for TB (published up to May 2018) that reported any type of outcome measures. The extracted information
included the study setting, types of mHealth technol ogy used, target population, study design, and categories of outcome measures.
Outcomes were classified into 13 categories including treatment outcome, adherence, process measure, perception, technical
outcome, and so on. The qualitative synthesis of evidence focused on the categories of outcome measures reported by the type
of mHealth interventions.

Results. A total of 27 studies wereincluded for the qualitative synthesis of evidence. The study designs varied widely, ranging
from randomized controlled trials to economic evaluations. A total of 12 studies adopted short message service (SMS), whereas
5 studies used SM Sin combination with additional technol ogies or mobile apps. The study populationswere also diverse, including
patients with TB, patients with TB/HIV, health care workers, and general patients attending a clinic. There was a wide range of
variationsin the definition of outcome measures across the studies. Among the diverse categories of outcome measures, treatment
outcomes have been reported in 14 studies, but only 6 of them measured the outcome according to the standard TB treatment
definitions by the World Health Organization.

Conclusions. This critical evaluation of outcomes reported in mHealth studies for TB management suggests that substantial
variability exists in reporting outcome measures. To overcome the challenges in evidence synthesis for mHealth interventions,
this study can provide insights into the development of a core set of outcome measures by intervention type and study design.
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Introduction

Tuberculosis (TB) is one of the deadly infectious diseases that
have claimed millions of lives worldwide. According to the
World Health Organization (WHO), globally, there were 10.4
million new TB cases causing approximately 1.2 million deaths
in 2016 [1,2]. The mortality rate of TB is disproportionately
higher in low- and middle-income countries (LMICs). Over
95% of TB desths occurred in these countries, and 7 LMICs
(India, Indonesia, China, Philippines, Pakistan, Nigeria, and
South Africa) accounted for 64% of thetotal burden [3]. Infact,
previous studies have shown that there is empirical evidence of
positive associations between poverty indicators and TB
incidence both at the macro and individua levels [4].
Considering the vicious cycle of poverty and TB, aleviating
the burden of TB is more challenging for the LMICs because
it requires adequate resources for “prolonged treatment with
multiple drugs [5]." The 6-month course of first-line therapy
can be burdensome with the possibility of adversereactionsand
the treatment of multidrug-resistant (MDR)-TB requires more
toxic and expensive drugs [6]. For example, the cost of
bedaquiline, a second-line medication to treat MDR-TB, was
US $3000 per treatment in middle-income countries and US
$900 in low-income countries [7]. In fact, premature
discontinuation of the treatment, which can lead to MDR-TB,
iscommon among TB patients not only for its toxicity but also
for socioeconomic costs associated with it [8]. Therefore, the
management of TB isnotorioudly difficult especially in LMICs.

In this context, using maobile devicesfor TB treatment has been
recognized as an innovative approach for LMI1Cswhere mobile
subscription rates have dramatically increased over the past
decade. Mobile health (mHealth) interventionsinvol ving mobile
devicesin the management of TB havethe potential for reducing
costs of information delivery and improving the quality of
communication [9]. mHealth can be useful for TB treatment
adherence support such as short message service (SMS) for
medication reminders or mobile apps for remote directly
observed treatment (DOT) strategy [10,11].

Degspite the potential of mHealth interventions for improving
TB management, the empirical evidence on its effectivenessis
mixed. Some studies have demonstrated the effectiveness and
feasibility of themHealth interventionsfor TB [12,13], whereas
others have shown no significant impact [14,15]. Moreover, no
study has attempted to synthesize the results quantitatively to
rigorously evaluate the effectiveness of mHealth in TB
management. Presumably, one of the reasonsfor such difficulty
in synthesizing and evaluating the findings comes from wide
variations in the outcomes reported from the mHealth studies
for TB.

To respond to this knowledge gap, this study aimed to
systematically review previous mHealth studies for TB
management and critically eval uate and categorize the outcome
measures for different mobile technologies and study designs.
The goal of this study was to provide researchers insights into

http://mhealth.jmir.org/2019/2/e12385/

the devel opment of acore set of outcome measuresfor mHealth
interventions intended to improve TB treatment adherence. In
doing so, the study can facilitate the evidence synthesis of
mHealth interventions for TB.

Methods

Search Strategy and Review Process

Electronic databases (MEDLINE, EMBASE, and Cochrane
Database of Systematic Reviews) were searched to identify
peer-reviewed studies of mHealth interventions for TB. The
systematic search was supplemented by reviewing relevant
review papers identified from the initial search. The search
strategy for the study population includes key terms describing
LMICs such as “resource poor” or “developing country.” The
search strategy for the mHealth intervention combined multiple
keywords such as “mHealth” and “text-messaging.” Asfor the
target disease, “tuberculosis” “TB,” “multi-drug resistant
tuberculosis” and “MDR-TB” were used as search terms. No
restrictions were applied to the publication type or publication
date, but the language filter was applied to identify studies
published in English. The search included articles published up
to May 2018. Thefull search strategy isavailablein Multimedia
Appendix 1.

Furthermore, 3 authors (ShL, YL, and SmL) independently
reviewed the retrieved studies throughout the selection process.
Each study identified from the databases was screened by 2
reviewers and then a full-text review was conducted for the
potentially eligible studies. The disagreement on the selection
processwas resolved by the other authorswho were not involved
in the review of the specific study under discussion.

Eligibility for Review

Theinclusion criteriafor this systematic review were asfollows:
First, studies conducted in the context of LMICs, as defined by
the World Bank’sincome cutoffs[16]; second, studiesinvolving
an intervention using mobile devices (ie, mHeal th intervention);
third, the target disease of the study should be TB or MDR-TB;
fourth, studies designed to evaluate the effectiveness or benefits
of mHealth interventions for TB (eg, observationa study,
mixed-methods study or implementation project, randomized
controlled trial [RCT]); fifth, studies reporting more than one
type of outcome; finally, only full-text studies published in
English were considered eligible. In addition, the authors
attempted to identify individual studies from reviews or
systematic reviews, which were included in this study.

Data Extraction and Analysis

The qualitative synthesis of evidence focused on the outcome
measures reported in each type of mHealth intervention.
Information about the study setting, mHealth technologies used,
target populations, and types of outcome measures was
extracted. To classify the diverse types of detailed outcome
measures, the following categories were used: (1) treatment
outcome; (2) treatment outcome as defined by WHO; (3)
adherence; (4) process measure; (5) perception; (6) technical
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outcome; (7) health outcome; (8) quality of life; (9) knowledge;
(10) cost-effectiveness; (11) cost; (12) psychosocial outcome;
and (13) mortality. Some explanations about these measures
are provided in the next few paragraphs.

Thetreatment outcomeincludes any outcome measurethat deals
with the result of TB treatment, such as sputum smear
conversion or microscopy test result. The treatment outcome
following the WHO definition was separately categorized [17].
The WHO definition was developed to make a distinction for
treatment outcomes between the drug-susceptible TB and
drug-resistant TB, which are mutually exclusive groups.
According to the WHO definition, any patient with TB should
belong to either group and then 1 of the 7 treatment outcome
cohorts: (1) cured; (2) treatment compl eted; (3) treatment failed;
(4) died; (5) lost to follow-up; (6) not evaluated; and (7)
treatment success. The WHO definitions for each of these 7
categories differ between the drug-susceptible TB and
drug-resistant TB as described in Multimedia Appendix 2.

The adherence outcome includes medication adherence or
treatment adherence. The process measure is any outcome
measure related to treatment process, including the receipt of
diagnostic test, attendance to appointments, or reporting of
adverse events. The perception indicates any outcome measure
that captures the user’'s thoughts on mHealth for TB
management. The technical outcome relates to the outcome
measures that investigate the technical feasibility such as
processing times or system installation. Health outcome, quality
of life, knowledge (eg, patients’ understanding of the disease
or the technology), cost-effectiveness (ie, the extent to which
an dternative provides value for money), cost (ie, costs
associated with an intervention from different perspectives),
psychosocial outcome, and mortality outcomes are additional
categories which are self-explanatory.

Risk of Bias: Quality Assessment

To evaluate the quality of individual studies included for our
review, risk of biaswas assessed with the existing tools. Asthis
systematic review includes various types of studies, it is
important to have a coherent set of quality assessment toolsfor
different study designs. Therefore, we used the modified version
of the Critical Appraisal Skills Program (CASP) that provides
the checklists specific to various types of studies ranging from
RCTs and qualitative studies to economic evaluation [18]. In
case of mixed-methods studies whose CASP tool has not been
developed yet, the quality assessment criteriafor mixed-methods
studiesfrom the previous study were employed [19]. The quality
assessment of studiesis presented in Multimedia Appendix 3.

Results

Overview of Included Studies

Among the 312 studies identified after removing duplicates,
260 articles were excluded during the screening process based
on the titles and abstracts. Therefore, 52 articles were assessed
for eligibility through a full-text review. Of those, 27 studies
were included for the qualitative synthesis of evidence. A flow
diagram for the selection process, based on the Preferred
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Reporting Items for Systematic Reviews and Meta-Analyses
guidelines, is provided in Figure 1 [20].

Qualitative Synthesis of Evidence

Table 1 presents the results of qualitative synthesis of the
mHealth studies for TB management. Approximately, half (15
out of 27) of the studies were conducted in African countries.
The study designs were diverse, including 6 RCTs, 5
mixed-methods studies, 1 cohort study, 3 qualitative studies, 4
observational studies, 6 implementation projects, and 2
economic evaluation studies. The types of mHealth technologies
utilized were diverse as well: 12 studies employed SMS, 6
studies used mobile app, 5 studies used SMS plus other
technology, 3 studies utilized phone calls, and only 1 study
applied mHealth for mobile data collection. With regard to the
study population, a majority (20 out of 27) of the studies were
targeted for TB patients or TB/HIV patients, but there were a
few studiesthat examined the experience of health care workers
or general patients at the clinic for TB test results notification.

In terms of the outcome measures, there was a wide range of
variants in their definitions even within each category of the
outcomes. For instance, both Mohammed et a and Bediang et
al defined treatment success as the primary outcome measure
of SMSintervention for TB medication adherencein their RCT,
but they defined treatment success differently [15,22].
Mohammed et a defined it as “the sum of patients clinically
reported as cured (ie, a patient whose sputum smear or culture
was positive at the beginning of treatment but who was smear-
or culture-negativein thelast month of treatment and on at |east
one previous occasion) or treatment completed (ie, a patient
who completed treatment but who does not have a negative
sputum smear or culture result in the last month of treatment
and on at least one previous occasion)” [22]. On the contrary,
Bediang et a defined treatment success as “having completed
6 months treatment and having negative sputum smears at 5
months” [15].

Summary of Outcome Measures

Table 2 summarizes the types of outcome measures reported in
theincluded studies, using the categories defined in thisreview.
The most frequently reported outcome type was treatment
success. Approximately half of the studies reviewed (14 out of
27) included treatment outcome but only 6 studies among them
followed the WHO definition for the treatment outcome
(Multimedia Appendix 2). The second most frequently reported
category was perception on the mHealth intervention (13 out
of 27). Other categories reported were diverse and included
technical outcome, medication or treatment adherence, process
measure, etc. However, there was substantial variability within
each category of outcome, as shown in Table 1. For example,
acceptability and satisfaction within the perception category
were defined differently from one study to another
[15,28-30,32,35,36,40,44]. Also, SMS-only intervention studies
did not focus on technical outcome [12,15,22,29,30,32,35,
36,42,43,45,46] whereas studies involving other mHealth
technologies such as an app or mobile data collection did so
[21,28,33,37,39-41]. On the contrary, outcomes related to cost
or cost-effectiveness were reported only via studies involving
SMS[29,45,46].
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Figure 1. Flow diagram for selection process following the Preferred Reporting Itemsfor Systematic Reviewsand Meta-Analyses (PRISMA) guideline.
mHealth: mobile health; TB: tuberculosis.
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Table 1. Summary of included studies.

Source Country Study design Mobile Population ~ Outcome measures Outcome Purpose
health tech- category
nology
Blaya, 2009 Peru RCT? Mobiledata Healthcen- Processing times, frequency of errors, the  Technical For laborato-
[21] collection ters number of work-hours expended by data  outcome ry data col-
collectors lection
Mohammed, Pakistan RCT sMsP TBC patients Primary: clinically recorded trestment suc-  Treatment  For medica-
2016 [22] cess based upon intention-to-treat; Sec- outcome, ad-  tion adher-
ondary: treatment outcomes (WHO defini-  herence, ence

tions®), self-reported medication adherence, health out-
self-reported psychological and physical ~ €0mMe
health measures

Bassett, South Africa  RCT proto- SMSand Patients at Primary: treatment completion; Secondary:  Treatment For appoint-
2013 [23]; col (2013);  phonecalls clinic mortality, receipt of CD4 count and TB test outcome, ment and
Bassett, RCT (2016) results, and repeat CD4 countsfor thosenot  mortality, test result re-
2016 [24] antiretroviral therapy (ART)—€ligible at processmea- minder and
baseline sure psychosocia
support
Huang, 2017 China Cluster RCT Mobileapp TB patients  Primary: TB treatment result (WHO defini-  Treatment For Bracelet-
[25] protocol tions"); Secondary: treatment adherence ~ Outcome, ad- - and self-di-
(the percentage of patientsreceiving T8~ Nerence, rected obser-
treatment who missed fewer than 5% of knowledge,  vational ther-
doses), self-reported adherence, knowledge Q0L apy
about TB, quality of life (QoL)
Bediang, Cameroon RCT proto- SMS TB patients  Primary: cure rate (absence of Koch's Treatment For medica-
2014 [26]; col (2014); bacilli in the sputum), treatment success outcome, ad-  tion adher-
Bediang, RCT (2018) (having completed 6 months treatment and  herence, pro- ence
2018 [15] having negative sputum smears at 5 Cess mea-
months); Secondary: treatment adherence  sure, percep-
(drug prescriptions collected and doses tion

taken), attendance to appointments, punctu-
aity of appointments, treatment outcome

(WHO definiti onsd), the number of partici-
pants who devel op resistance, satisfaction

Khachadouri- Armenia RCT proto- SMSand TB patients  Primary: physician-reported treatment out- Treatment For medica

an, 2015 col phone calls come (WHO definitions®); Secondary: pa-  Outcome, tion adher-
(27 tients knowledge, depression, QoL, within-  knowledge,  ence

family TB-related stigma, family social ~ Psychosocial
support, self-reported treatment adherence  OUtCOMe,
QoL, adher-

ence

Chaiyachati, SouthAfrica Mixed-meth- Mobileapp Headthcare Primary: proportion of weekly adverse Processmea- For adverse
2013 [28] ods study workers events forms submitted vs expected by mo-  sure, percep-  eventsreport-

bile health care workers; Secondary: accept-  tion, techni-  ing

ability (perceived comfort levelswithusing cal outcome

mobile phone technology), quality of ad-

verse events monitoring, proportion of re-

portable adverse events being captured;

Technical outcomes: phone usage patterns,

technical problems experienced

Howard, Lesotho Mixed-meth- SMS TB/HIV pa Primary: ART initiation, retention, and TB  Processmea-  For treat-
2016 [29] ods, cluster- tients, health  treatment success; Secondary: timeto ART  sure, treat-  ment adher-
randomized careworkers initiation, adherence, changein cluster of ~ ment out- ence
trial protocol differentiation 4 (CD4) count, sputumsmear  come, adher-
conversion, cost-effectiveness, acceptability  ence, cost-€f-
fectiveness,
perception
http://mhealth.jmir.org/2019/2/e12385/ JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 2 |€12385 | p.99

(page number not for citation purposes)

RenderX


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

JMIR MHEALTH AND UHEALTH Lecetd

Source Country Study design  Mobile Population  Outcome measures Outcome Purpose
health tech- category
nology
Iribarren, Argentina Mixed-meth- SMS TB patients  Primary: feasibility (access to mobile Processmea For treat-
2013 [30] ods study phones, familiarity with texting, rate of sure, percep-  ment adher-
(including participant refusal, suboptimal TB under-  tion, adher-  ence
RCT) standing), and acceptability (feeling cared  ence, treat-
for patient’streatment, self-reporting adher-  ment out-
ence); Secondary: initial efficacy (mi- come

croscopy test result from positive to nega-
tive, treatment outcome)

Hirsch- Lesotho, Mixed-meth- Phonecalls TB/HIV pa Thenumber of call attempts per participant Processmea- For medica-
Moverman, Ethiopia ods; imple- tients, for each month, completeness of monthly  sure tion adher-
2017a[31] mentation TB patients calls, success rates, challenges ence
science
study
Hirsch- Lesotho Mixed-meth- SMS TB patients, Primary: thenumber of child contactsisoni- Treatment For medica-
Moverman, odsimple- health care  azid preventivetherapy (IPT) initiation, IPT  outcome, tion adher-
2017b [32] mentation workers, completion; Secondary: HIV testing, yield perception,  ence and ap-
science caregivers of active prevalent TB among child con- processmea  pointment
study, clus- tacts, acceptability, and utilization of com- sure reminders
ter-random- munity-based intervention components
ized tria
protocol
Nguyen, Vietnam Cohort study SMSand TB patients  Primary: proportion of patients completing Treatment For medica-
2017 [33] mobile app all doses of self-administered treatment; outcome, tion adher-

Secondary: proportion of videos uploaded  technical ence
as scheduled, proportion of patientsdiscon-  outcome,

tinuing using Video DOT (VDQT) process mea-
sure
Daftary, Ethiopia Qualitative  Interactive  HIV patients Perceptionsand attitude, perceived benefits Perception  For preven-
2017 [34] study voicere- and challenges tive therapy
sponse adherence
(IVR)
Albino, 2014 Peru Qualitative  SMS TB patients  Perceptions and acceptability Perception  For treat-
[35] study ment adher-
ence
Nhavoto, Mozambique Qualitative SMS TB patients, Usefulness, perceived benefits, ease of use, Perception  For treat-
2017 [36] study Health care  satisfaction, risks of the SMS system ment adher-
workers ence
Hoffman, Kenya Observation- Mobileapp  TB patients  Primary: technical feasibility (patient and ~ Technical For Mobile
2010[37] al study health provider receptivity toremotedirect- outcome, Direct Obser-
ly observed treatment [DOT]); Secondary: perception  vation of
patient preferences and receptivity to receiv- Treatment
ing TB health message on a mobile phone
deSumari- Tanzania Observation- SMS HIV pa Quantitative: percentage of dosestakenon Processmea- For medica-
de Boer, al pilot study tients, TB time, percentage of sent reminders(divided sure, adher-  tion adher-
2016 [12] patients by total intake prescription), percentage of  ence, percep- ence
correct reminders (after missed doses), per- tion
centage of incorrect reminders (after open-
ing the pillbox but the signal was not sent),
percentage of extraopenings, percentage of
missed doses, percentage of adherencewith
the exclusion of dosesthat were taken after
areminder; Qualitative: general experience
with using the device
Garfein, Mexico, Observation- Mobileapp  TB patients  Primary: adherence rate (the number of Adherence, For VDOT
2015 [38] USA al pilot study medication dosesobserved invideosdivided  perception
by the number of doses expected during the
treatment period); Secondary: perceptions
of VDOT
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Source Country Study design  Mobile Population  Outcome measures Outcome Purpose
health tech- category
nology
Dwolatzky, — South Africa Observation- Mobileapp Patientsat Time taken to locate the households Technical For locating
2006 [39] al pilot study clinic outcome patients
homes by
global posi-
tioning sys-
tem and per-
sonal digital
assistant
Ha, 2016 Botswana Implementa- Mobileapp TB patients  Cases screened for contact tracing, timere-  Technical For contact
[40] tion project quired to complete TB contact tracing per  outcome, tracing

contact, quality of datacollected, user satis-  perception
faction with usability, operational consider-

aions
Cowan, Mozambique Implementas SMSand Hedlthfacili- Systeminstallation on computers, develop-  Technical For remote
2016 [41] tion project mobileapp ty ment of Web-based interface and automated  outcome monitoring
SMSand email messages, test resultsupload- solution

ed to the system, SM S natifications sent to
key personnel, the number of users

Ku- Thailand Implementa- Phonecalls TB patients  Cure rates, completion rates, failurerates ~ Treatment For medica-
nawararak, tion project and success rates, conversion rates outcome tion adher-
2011 [14] ence
Lorent,2014 Cambodia  Implementa SMS Genera pop- TB casedetection- smear-positivity, clinical  Processmea-  For test re-
[42] tion project ulation TB treatment uptake-timeto treatment ini- sure, treat-  sult notifica-
tiation outcome-treatment outcomes (WHO  ment out- tion
definitions™), delay in linkage to care come
Mahmud, Malawi Implementas SMS Headlth care  Operational net savings, worker time Processmea  For continu-
2010 [43] tion project workers gained, patient enrollment sure ity of care
Narasimhan, India Implementa= SMS and TB patients ~ Treatment completion and curerates(WHO  Treatment For medica-
2014 [44] tion project  phone cals definitions™), treatment adherencerates, ~ Outcome, ad-  tion adher-

adverse drug reaction rates, stigmaassociat- here_nce, per- ence
ed with TB, patient satisfaction, usageof ~ CepUoN
the mHealth initiative

Broomhead, SouthAfrica Cost mini-  SMS TB patients  Smear conversion rate, TB curerate, re- Treatment For treat-
2012 [45] mization duced average cost per patient outcome, ment adher-
anaysis cost ence
Hun- Thailand Cost-effec-  SMS TB patients  Disability-adjusted life years (DALY'S) Healthout-  For medica-
changsith, tive-ness averted, costs (health care perspective), ef- come, treat-  tion adher-
2012 [46] anaysis fects of interventions, successrate, failure  ment out- ence
rate, transfer out rate, death rate come, cost,
cost-effec-
tive-ness

8RCT: randomized controlled trial.

bSMS: short message service.

°TB: tuberculosis.

%World Health Organization definitions: presented in Multimedia Appendix 2.
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Table 2. Reported outcomes by mHealth intervention type.

Leeetd

Intervention  Categories of outcome measure
type (number . .
of studies) and Treat-  Treat- Adher-  Process Ffercep- Techni- Health QoLb Knowl- CosF-ef- Cost Psychoso— Mortality
reference ment out- ence measure tion ca out- out- edge fective- cia out-
out- come by come  come ness come
come  \WHO?
definition
Short message service (SM'S; 12 studies)
[22] 0c 0 O _d — — O - — - — —
[15] O 0 0 O O — — R — — R — —
[29] O — O O O — — S — 0 - = —
[30] O — 0 O O — — R — — R — —
[32] O — — O O — — S — — - = —
[35] — — — — O — — R — — R — —
[36] — — — — 0 — — - — — - — —
[12] — — 0 O O — — R — — R — —
[42] O 0 — O — — — S — — - = —
[43] — — — D — — - - - — - - —
[45] O — — — — — — S — — — —
[46] 0 — — — — — O B — 0 o — —
SM Splusothers (5 studies)
[24] O — — O — — — R — — R — O
[27] O 0 O — — — — O O — — O —
[33] O — — O — 0 — R — — R — —
[41] — — — — — 0 — S — — - = —
[44] O 0 0 — O — — R — — R — —
M obile app (6 studies)
[25] 0 0 0 — — — — O O — - = —
[28] — — — 0 0 — - — — - — —
[37] — — — — O 0 — B — — - = —
[38] — — a — 0 — — - — — - — —
[39] — — — — — 0 — B — — - = —
[40] — — — — 0 | — - — — - — —
Phone calls or interactive voice response (3 studies)
[31] — — — 0 — — — - — — - — —
[34] — — — — O — — - - — - - —
[14] O — — — — — — S — — - = —
M obile data collection (1 study)
[21] — — — — — | — - — — - — —

AWHO: World Health Organization.

bQoL: quality of life.
Tick marksindicate that the specific category of outcome measure was reported.

doutcome measure was not reported.
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Discussion

Principal Findings

This systematic review critically evaluated the outcomes
reported in mHealth studiesfor TB management in LMICs. The
reason why rigorous evidence synthesis is warranted is that
recent literature for TB reports mixed results despite the rapid
implementation of mHealth technology for TB management.
The fragmented pieces of evidence on the effectiveness partly
resulted from the wide variations in the definitions of outcome
measures in TB mHealth interventions. Even though treatment
outcome has been reported by many studies, they often did not
adopt the standard definition recommended by the WHO [17].

The WHO definition of TB treatment outcome is part of an
effort to standardize outcome measures for TB at the global
level. To promote the use of standardized sets of outcome
measures for TB, WHO provided the standard definitions and
classifications of TB intermsof diagnosisor treatment outcomes
[17]. The intention for this standardization effort was to
coordinate international comparison of TB treatment outcomes
through health information systems. However, the findings of
our review revealed that mHealth studies for TB have not
comprehensively adopted this standardized approach for TB
treatment. Only 6 out of 27 interventions chose to report the
treatment outcome according to the WHO definition.
Interventionsinvolving phone calls, interactive voice response,
or mobile data collection did not consider the WHO definition.

Our findings also suggest that, to rigorously evaluate the
effectiveness of mHealth interventions for TB, future studies
should be carefully designed with regard to the selection of
outcome measures. Indeed, using standard definitions for
outcome measures within some commonly reported categories
canimprove comparability acrossdifferent studies. As assessed
in this study, examples of such categories include treatment
outcome (preferably using the WHO definition), perception,
process measure, adherence, and technical outcome.

The value of this systematic review can befound inits potential
to motivate and facilitate consensus on standard definitions of
outcome measures used in mHealth interventionsfor TB so that
such effort can guide more effective mHealth intervention
designs for improving TB management. Although current
literature shows considerable variability in the definition of
outcome measures, discussion and coordination among
researchers can promote standardized methods in measuring
outcomes. Specifically, the outcomes should be comparable,
promote transparent communication, and maintain consistency
in terminology. Coordination at the global level is necessary to
develop a core set of outcome measures for TB mHealth
interventions by study design and technology type utilized.

When choosing a core set of outcome measures with standard
definitions, there are additional issues to consider. First, the
time point for reporting outcome measures should be clinically
meaningful and feasible [47]. Second, adetailed description of
the measure should be provided, such as cal culation method or
definitions. Third, a clear explanation on the target population
for each outcome measure can be useful. For example, some

http://mhealth.jmir.org/2019/2/e12385/
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outcome measures may be more appropriate for MDR-TB
patientsrather than TB patients on their first-linetherapy course.
Finally, long-term outcome measures should be considered to
establish fundamental evidence for TB mHealth interventions.
The long-term outcomes can be related to physica,
psychosocial, or mental health. Despite its importance, our
review showed that only 2 out of 27 studies reported long-term
health outcomes, Mohammed et a, reported self-reported
psychological and physical health measures [22] and
Hunchangsith et a, reported DALY s averted [46].

Another issueto consider isrelated to evidencefor cost. Asthis
study suggested, insufficient evidence exists in terms of
cost-effectiveness or cost of mHealth interventions for TB
management. Those previous studies that have evaluated the
cost-effectiveness or cost of mHealth interventions only
considered SMS as mHealth channels and did not consider or
evaluate other mHealth channels and technologies. However,
other mHealth channels and technol ogies such as mobile apps
or global positioning system are now available for TB patients
[48]. Therefore, future studies need to assess the
cost-effectiveness of such channels and technologies for
improving TB management in LMICs.

This study has some limitations. First, the database used for
identifying relevant studies is limited to the 3 most frequently
cited sources, namely MEDLINE, EMBASE, and Cochrane
Database of Systematic Reviews. Grey literature or other sources
of information can supplement our findings. To complement
thislimitation, we attempted to identify additional related studies
from relevant systematic reviews searched from our study.
Second, the effectiveness of the mHealth interventions for TB
was not quantitatively evaluated because of the heterogeneity
of the outcomes reported.

Degspite these limitations, this study provides an overview of
the currently reported outcome measures for mHealth
interventionsintended to improve TB management in the context
of LMICs. Theresultsfrom thisreview can be used asastarting
point for discussion to adopt standardized definitions within
different categories of outcome measures for future mHealth
interventions for TB management in LMICs.

Conclusions

This systematic review of mHealth studiesfor TB suggeststhat
substantial variability exists with regard to the definitions of
outcome measures across studies. Our review highlights that a
standardized method for measuring the different outcomes is
warranted to improve comparability of outcome measures across
studies for a more rigorous and reliable evaluation of the
effectiveness of mHealth interventions for TB. In doing so, the
coordination among researchers and the development of acore
set of outcome measures based on standardized methods would
be necessary. Our study provides useful information for
researchers to better assess the effectiveness of mHealth
interventions for TB. In addition, the study provides insights
into the possibility of developing acore set of outcome measures
by intervention type and study design based on a standardized
or coordinated set of methods.
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Abstract

Background: Smart homes are considered effective solutions for home health care for the elderly, as smart home technologies
can reduce care costs and improve elderly residents’ independence. To develop agreater understanding of smart homesfor health
care services (SHHSs), this study accentuated the necessity of ecological approacheswith an emphasis on environmental constraints.
Thisstudy wasbased on 2 rationales: (1) usersareinclined to perceive the service quality and service experience from environments
(ie, servicescape) owing to theintangibility of health care and the pervasiveness of smart home technologies, and (2) both service
domains are complex adaptive systems in which diversified and undefined service experiences—not only afew intended service
flows—can be generated by complex combinations of servicescape elements.

Objective: This study proposed the conceptual framework of a Smart Servicescape Wheel (SSW) as an ecological approach
delineating the extensive spectrum of environmental constraintsin SHHSs.

Methods: The SSW framework was established based on aliterature review.

Results: Generally divided by perceptible and imperceptible servicescapes, the SSW consists of the perceptible Physical scape
(ie, hardware components, environmental cues, and human states) and Social scape (ie, servicerelationships and social relationships)
as well as the imperceptible Datascape (ie, computing intelligence, databases, and communication networks). Following the
ecological approach, each category of the SSW is subdivided and defined at the level of components or functions.

Conclusions: The SSW's strengths lie in the various application opportunities for SHHSs. In terms of service planning and
development, the SSW can be utilized to (1) establish the requirements for SHHS development, (2) associate with work domain
analysis by defining component layers, and (3) understand the real contexts of SHHSs for the enhanced prediction of diverse
service experiences. Regarding service management, it can be applied to develop measurement items for the operation and
evaluation of SHHSs.

(JMIR Mhealth Uhealth 2019;7(2):€12425) doi:10.2196/12425

KEYWORDS

health care information management; system analysis, smart homes for health care services; ecological approach; conceptual
framework; smart servicescape wheel

of common chronic diseases (eg, heart disease, stroke, cancer,
dementia, and diabetes), the demand and costs required for the
care of elderly people areimmensely growing [1,2]. To diminish
these care costsin arelatively effective way, the solution focus
is shifting away from formal care in hospitals and care centers

Introduction

Growing Needsfor Informal Carefor the Elderly

Increased life expectancy and declining birthrates have caused
the rapid expansion of an aging population. Moreover, because
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toward informal carein personal home environments|[ 3] because
of the cost-effectiveness of informal care and lessintrusiveness
inone'spersonal life[4,5]. Elderly people often require frequent
and immediate medical interventions to prevent emergencies
through continuous monitoring of their physiological parameters
and activities [6]. This continuous monitoring, which might
cause a significant financial burden in the case of formal
inpatient care, can be realized more comfortably through
informal care using a smart home platform [7]. Highly
developed information and communication technologies can
make home environments intelligent and provide remote,
nonintrusive health care monitoring [6].

Smart Homes as Effective Solutions for Home Health
Care Servicesfor the Elderly

Smart homes are being realized using ubiquitous computing
andinternet of things (10T) technol ogy, which connects devices
and systems[8,9]. Previous studies have characteri zed the smart
home as integrating technol ogies such as (1) home automation
that allows devices and systems to be controlled automatically,
(2) communication networks that connect the key electrical
appliances and services, (3) remote access and control that
allows the system to be operated at a distance, and (4) home
intelligence that is aware of users’ individual contexts[10-13].
With those characteristics, scholars have defined the smart
home's purpose as providing a better home life experience by
promoting safety, security, comfort, communication, and
entertainment through technical management in the home
environment [14,15]. Meanwhile, other scholars have pointed
out the concerns over ethical and legal issues of smart home
technologies regarding privacy, security, and confidentiality
because of the highly identifiable nature of data [16-21].
Nevertheless, with a judicious approach to their ethical and
legal risks, smart homes could be effective for continuous and
remote monitoring of elderly health and for disease prevention,
and they can reduce the costs of care for the aging generation
while improving their independence and quality of life
[2,3,22,23]. Various terms have been utilized to describe this
technology, such as health smart home [24,25], U-health smart
home [26], ubiquitous health care [6,27,28], and smart homes
inor for (elderly) health care[2,3].

Meanwhile, the focus of previous research on smart homes has
primarily been on the development and application of smart
home technologies within the boundaries of computer science
and engineering research [11,12,15,29-32] because smart home
production is inherently technology-intensive [33]. Likewise,
according to several literature reviews about health carein smart
homes [2,3,22,34], smart homes for health care have largely
been investigated from the perspective of technology
application. Such studies have analyzed and classified literature
on smart homesfor health care according to the types of sensors,
network or communication technologies, and the algorithm
models of data processing [2,3,12].

However, health care services are cocreated by elderly residents
experiences, and their experiences directly influence the
perceived quality of the health care service [35,36]. Moreover,
health care service experience is shaped by the interactions of
elderly userswith numeroustouchpointsin the context of service
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[37]. In this sense, the viewpoints of service experience and
service context are substantial in health care service, but they
have not actively been engaged in research on smart homes for
health care. Therefore, we accentuated the service experience
and context perspectives of health care in smart homesin this
study. To be consistent in our use of terminology, we adopted
the term smart homes for health care services (SHHSs) and
established an operationalized definition encompassing both
technical and experiential viewpoints as follows: SHHSs are
residences integrated with ubiquitous computing and IoT
technol ogy, which have the characteristics of home automation,
communication network, homeintelligence, and remote control
and access by authorized health care personnel. They provide
informal health care services such as real-time and long-term
health monitoring, disease prevention by detecting anomalies,
and unobtrusive activity support that does not interfere with
individuals quotidian activities; thus, they reduce care costs,
enable a satisfactory service experience in a private and
comfortable home environment, and improve theindependence
of elderly residents.

Why Do We Focuson Service EnvironmentsRegar ding
theHealth Care Service Experiencesin Smart Homes?

The academic perspective of service experience originatesfrom
service management research. In thisfield, the significance of
service environments and service context engaged with service
experience has been emphasized, as the service provision and
service interactions occur in such environments and contexts
[38]. First, serviceinteractions, widely called service encounters
[39] in service management research, are direct or indirect
interactions between customers and service providers. Service
interactions have been underscored because they can be
diversified according to individual customers varied past
experiences and preferences as well as probable differences
between service providers [40]. Second, service environment,
which Bitner defined as the servicescape [41], is the physical
and social environment wherethe serviceinteractionstake place,
and the servicescape can influence the different waysin which
customers perceive and experience a service [41,42]. Finally,
service context refers to the social and cultural structures, such
associa normsand institutions, which could influence the way
a service's stakeholders interact with each other [43,44].
Therefore, service experiences are created by the service
provisions and service interactions in association with diverse
service environments (ie, servicescapes) and are concurrently
profoundly influenced by service context [38]. In other words,
service experience could be cocreated by multidimensional
combinations of those 3 layers—service interactions,
servicescapes, and service contexts.

The main focus of this study—the servicescapeisafundamental
and componential level in the creation of service experiences
as it can serve as an inducing or restricting factor on usage
behaviors. Consequently, it can influence the service user’'s
emotional response, perception of theintangible service quality,
sati sfaction with the whol e service experience, and intention of
continuous usage [42,45-48].

In line with the significance of servicescapes in service
experience, the servicescape perspective is aso required for
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SHHSs, which hasthe characteristics of both health care services
and smart services. Generally, health care is a credence-based
service and patients tend to have difficulty assessing the
technical quality of service (ie, the professional credibility of
medical care) [36]. Instead, functional quality (ie, the service
quality as it relates to the physical environment—the
servicescape) is the primary determinant that affects patients
perception of the health care service process[35,37]. Regarding
smart services, intelligent devices and environments
communicate and collect datain real time based on advanced
networks and pervasive computing technology [49,50], but data
transfer and technological elements are invisible or intangible
to service users. Furthermore, direct i nteractions between users
and service providers (ie, service encounters) are largely
supplemented or replaced by interactions with smart devices
and environmental elements. Consequently, users are inclined
to perceive the service quality and service experience from the
environments of smart services—namely, the smart servicescape
[51]—thus, from the direct, visible, and tangible interactions
with the smart servicescape. In this way, health care services
and smart services commonly have a particular significance of
servicescape from the viewpoint of service experience; for this
reason, this study used the concept of smart servicescape for
SHHSs.

The importance of the smart servicescape in SHHSs can be
supported from another perspective; the ecological approach
for a complex adaptive system. Rouse defined a complex
adaptive system as a nonlinear and dynamic system that is
composed of independent and intelligent agents whose behavior
patterns emerge rather than being designed into or controlled
by the system [52]. He also stated that one cannot force or
command such systemsto abide by behavioral and performance
directions. The health care service falls under this system
because of its diversified stakeholders and interests [53].
Meanwhile, the smart home can a so be regarded as a complex
adaptive systemfor 2 reasons. Firgt, it isadynamic and therefore
complex system consisting of diversified intelligent agents (ie,
smart devices and environments) based on real-time
communication. Second, the smart homeis an adaptive system
that is continuously customized in accordance with the emerging
behavioral patterns of its resident users because it is a private
space where usage behaviors cannot be easily controlled to
comply with service providers' intended directions. The SHHS
can, therefore, be considered a complex adaptive system.

Ecological Approach to Smart Homesfor Health Care
Services

Then how can service experiencesin acomplex adaptive system
such asan SHHS be understood? In theresearch field of service
management or service design, service experiences have been
analyzed and profiled, adopting service blueprinting or customer
journey maps. Service blueprinting, pioneered by Shostack [54],
isadiagrammatic approach in which the key activitiesand their
linkagesinvolved in service delivery are plotted. It clarifiesthe
series of customer actions, physical evidence, and frontstage
and backstage interactions to emphasize the perspective of
service users [55,56]. Customer journey maps are also a
diagrammatic method in which customers' steps in engaging
with multipletouchpointsin aserviceareillustrated [57]. These
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maps conceptualize service experiences as a chronological
process of a customer’s journey with a service provider [58].
These approaches can provide an understanding of the sequential
flow of tasksin a serviceitinerary (ie, the customer’s journey)
that a service provider has intentionally designed. However,
they may not be suitable for describing a complex adaptive
system such as SHHSs, because diversified—hence unintended
and undefined—behavioral patterns can be generated given the
specificities of SHHSs (ie, multiple stakehol ders, private home
circumstances, and perpetual service duration for continuous
health monitoring).

For this reason, the SHHS requires the ecological approach.
This approach, which originated from Barker and Gibson’'s
ecological psychology theory [59,60], considers environmental
and socia factors as parts of a system. According to this
approach, individual s are surrounded by acomplex combination
of physical and social variables that operate in both direct and
indirect ways to influence human activities [61,62]. Vicente
advocated for the ecologica approach in the field of
human-computer interaction (HCI) and claimed that a work
analysisfor complex sociotechnical systems needsto start with
and prioritize environmental constraints[63]. Vicente classified
the demands (or constraints) of human worksinto (1) cognitive
constraintsrelevant to human cognitive systems such as mental
models and (2) environment constraints that constitute the
context in which humans are situated, such as their physical
and social realities[63]. The dominant viewpoint in psychology
and HCI has been the cognitivist approach, which emphasizes
cognitive mental models such as the sequential flow of an
instructional service itinerary. Alternatively, the ecological
approach leadsto the analysis of environmental constraints, and
it enables individuals to understand the real context that may
shape actual behaviors (ie, behavior-shaping constraints) [64]
and allowsthem to deal with unexpected and variable situations
[63]. Given that SHHSs are complex adaptive systemsin which
diversified and undefined behavioral patterns can be generated
by complex combinations of contextual and environmental
factors, the ecological approach isappropriate for understanding
service experiences in SHHSs by identifying the smart
servicescape. Considering the necessity of the ecological
approach to SHHSs, this study proposed aconceptual framework
of smart servicescape to delineate complex environmental
elements of SHHSs.

Fundamental Conceptsfor the Framework: Smart
Servicescape

Ahead of investigating the smart servicescape, the concept of
servicescape needs to be clarified. As briefly mentioned in the
Introduction, Bitner [41] defined the servicescape asaman-made
physical and social environment in which service encounters
are framed. Bitner emphasized the effects of physical
environments and classified theminto 3 dimensions: (1) ambient
conditions (circumstantial attributes, such as temperature, air
quality, noise, music, and odor); (2) space and function (the
arrangement and layout of the machinery, equipment, and
furnishings); and (3) signs, symbols, and artifacts (visible
communicators on the exterior and interior) [41]. Since then,
many scholars have explored the categorization of servicescapes
in diverse service sectors (eg, restaurants, leisure, hospitality,
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and health carefacilities) [45,47,65-67]. Furthermore, the social
servicescape has also been underlined including social or
noncommercial relationships, such as direct interactions with
service providers, indirect interactions with other customers,
socia density, and connectedness [42,68].

Founded on the notion of servicescape embracing physical and
social aspects, we had proposed the concept of smart
servicescape regarding smart services in a prior study [51].
Analyzing the cases of smart home service experiences, new
dimensions, including datascape, wereintroduced to reflect the
key characteristics of smart services(ie, real-time datacollection
and the continuous data exchange of intelligent objects) [51].

Meanwhile, several studies have been conducted on the
architecture of smart homes in association with health care
services [2,3,6,26]. Researchers have commonly proposed a
four-layer architecture for SHHSs even though their detailed
elements or labels differ. Generally, they have agreed on the
layers of (1) sensors and actuators, (2) communication or
network, (3) computing or data processing, and (4) services.
Thelayer of sensorsand actuatorsisrelevant to physical devices,
such as the units of home automation and home control,
biosensors, and environment sensors. The communication layer
refers to the wired or wireless home networking required for
information gathering, service discovery, and appliance
discovery. The computing and processing layer pertains to the
information analysis and machinelearning technol ogy engaged
in knowledge management and decision making. Finally, the
service layer varies from the types of health care services to
those of health care service providers and organizations.
Although the layered architecture representsthe overall structure
of the SHHS well, the criteriafor classification of the 4 layers
are not clearly defined. Moreover, the aforementioned studies
have been conducted in computer science and engineering fields;
therefore, the research focuslies more on atechnical perspective
investigating which types of technologies are applied in each
layer. The ecological approach has been absent from previous
studies; particularly, the perspective of service experience and
that of smart servicescape have not yet been investigated in
SHHSs.

The Smart Servicescape Wheel

The Focus of the Smart Servicescape Wheel

To infuse the ecological approach with the understanding of
service experiencesin SHHSs—in other words, to delineate the
extensive spectrum of environmental constraintsin the complex
adaptive system of SHHSs—we introduced a conceptual
framework of the smart servicescape, the Smart Servicescape
Wheel (SSW), asillustrated in Figure 1.

The Smart Servicescape Wheel for SHHSs globally classifies
conventional servicescapes, such as the Physical scape and
Social scape as perceptible servicescapes. The Datascape, which
is a distinctive characteristic of smart services, is categorized
asan imperceptible servicescape becauseits elementsare hardly
perceived by elderly residents unless they are intentionally
visualized with certain service objectives. Moreover, the
interactions that occur between the service user (ie, the elderly
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resident) and the perceptible servicescape can usualy be
recognized asdirect interactions, such astheinteractions of the
elderly with smart devices (eg, physiological monitoring
devices) or caregivers (eg, clinicians at health care centers and
medical staff at hospitals). However, a large part of the
interactions in the smart servicescape can hardly be perceived
by the resident. These ambient interactions [69] are among the
Datascape, Physical scape, and Socia scape without the user’s
direct intervention. Subsequently, the whole scope of direct and
ambient interactions congtitutes the cyber-socio-physical
interactions [70].

Nevertheless, the focus of the SSW from the ecological
perspective is not on the interactions diversely shaped in the
spectrum of smart servicescape but on the detailed servicescape
elements, namely the environmental constraints themselves.
Moreover, the environmental constraints should be defined
independently of any particular device, event, task, or interface
because the ecological approach’simplication liesin designing
a diverse spectrum of future service practices combining the
environmental constraintsrather than in designing asingleflow
of a service [63]. This implication implies that the smart
servicescape elements need to be defined at the level of
componentsor functions. Founded on thisrationale, the Physical
scape consists of (1) hardware components, (2) environmental
cues, and (3) human states; the Social scapeis composed of (1)
service relationships and (2) socia relationships, and the
Datascape comprises (1) computing intelligence, (2) databases,
and (3) communication networks. Accordingly, this section will
discuss in detail each component of the SSW which is
categorized in Table 1.

Physical Scape

Hardware Components

The SHHS depends on data-collecting equipment and devices
to monitor the state of residents and their environments [12].
At the level of components rather than devices, the hardware
components consist of sensors and actuators [2,6,26]. Sensors
are used to detect states and changes in the residents and their
environments by measuring environmental or physiological
parameters, and they are often seamlessly integrated into the
living space and equipment [3,71]. Adopting the taxonomy of
sensors by Amiribesheli et a [3], sensorsare classified into (1)
physiological sensors, (2) environmental sensors, (3) multimedia
sensors, and (4) binary sensors.

First, physiological sensorsarerequired to monitor aresident’s
health condition. They acquire diverse biometric data (eg, body
temperature, weight, blood pressure, pulserate, blood glucose,
and respiration—namely physiological cues, to be discussed in
a later section) through various forms of medical equipment
(eg, electrocardiography, electromyography, and
electroencephal ography) [3,12,72,73]. Second, environmental
sensorsare utilized to detect environmental datain smart homes,
such as light, noise, temperature, and humidity—namely the
environmental cues to be explicated in the following section.
Light sensors that assess the illumination intensity and
temperature sensors that measure data for heating or cooling
air are commonly used [12,74]. Third, multimedia sensors
include cameras and microphones to collect audiovisual data
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[3]. Audiovisua data enable the behavior monitoring and
activity recognition of residentswith high accuracy [75,76], but
it involves privacy concerns[77]. Finaly, binary sensors' output
dataarein adiscrete state of 0 or 1. These sensorsare commonly
used to detect the state of objects or residents because of the
simple form of data and the unobtrusivenessin residents’ daily
lives [3]. Common binary sensors include passive infrared
sensorsthat collect dataabout residents’ movements or stillness
[78], contact switch sensors that detect the state of objects (eg,

Kang et d

opening and closing of door), and radio-frequency identification
(RFID) tags that identify objects and people to track their
locations [79].

As another hardware component, actuators are required to
respond to commands or feedback from residents or to perform
curated service actions decided from computing intelligence (to
be explicated in the Datascape section), such as the control of
ambience or home appliances[2].

Figure1l. Smart servicescape wheel for smart homes for health care services.
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Table 1. Smart servicescape elementsin smart homes for health care services.

Smart servicescape categories Smart servicescape elements in SHHSS Literature
source
Per ceptible servicescape
Physical scape
Har dware components
Sensors Physiological sensors; environmental sensors; multimedia sensors; binary sensors [2,3,12]
Actuators Actuators for device control [2]

Environmental cues
Ambience cues

Object-state cues

Human states

Physiological cues

Location or movement cues
Activity or behavior cues
Social scape
Service relationship

Saocial relationship
Imper ceptible servicescape
Datascape
Computing intelligence

Data collecting

Data reasoning

Service curating
Database

Primary database

Secondary database

External database

Communication network
In-home network
Bridging platform

Secured communication
channel

Light; sound or noise; scent or odor; temperature and humidity; ventilation and radiation [2,12]

Equipment status (eg, home appliances); space status (eg, home security and energy [16]
management)

Body temperature; weight; blood pressure and pulse rate; blood glucose; respirationand  [12,16]
sweating

Resident’s location and movement; other person’slocation [3]

Habitual or regular activities; abnormal behaviors [3]

Professional caregivers,; cliniciansat health care centersb; doctorsand nurses at hospitals; (3]
staff at security or emergency centersb; staff at local welfare or community service centers’

Informal caregivers (eg, family members and neighbors) [3]

Resident health or activity monitoring; home environment (safety and security) monitoring;  [12,22]
data patternizi ngb

Activity recognition and behavior prediction; anomaly and emergency detection [2,3,22]

Home environment assistance; alert and emergency management; telemedicine service  [12,22]

Environmental data; physiologica data [2,3,12]
Situation or context data?; activity data and behavioral patterns (3]
Clinical database”; cloud service” N/AC

Body area network; persona area network; wireless sensor network; local areanetwork [2]
I nternet; mobile communication [2]

Security-related technology [2

8SHHSs: smart homes for health care services.

b These elements were newly added. Most of the paper sources for the elements of smart servicescape were literature review papers. The terms of
elements were attuned to maintain consistent terminology, and the category labels were newly established in this study.

°N/A: not available.

Environmental Cues

usualy detected by environmental sensors. Object-state cues
involve (1) the equipment status (eg, the opening/closure or

The second category of the physical scape, environmental cues,  on/off of home appliances and the location of personal items)
iscomposed of ambience cuesand object-state cues. Ambience  [3,12] and (2) space status (eg, home security or energy
cuesinclude light, sound/noise, scent/odor, and air quality (ie,  consumption status) [22], which are normally detected by binary
temperature, humidity, ventilation, or radiation), and they are  sensors. Ambience cues and object-state cues captured by
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pertinent sensors are collected as input data for home
environment monitoring, and they can also appear as output
results of service curation by computing intelligence (to be
explained in the section of Datascape). For instance, anincrease
in a bathroom’s humidity level, the opening and subsegquent
closure of the bathroom door, and an increase in water
consumption can all be interpreted as the resident’s shower (or
bath)-taking activity. Consequently, monitoring service functions
can be activated to prepare for possible emergencies, such as
dips or falls. Although the data collected from environmental
cues may be straightforward, the interpretation to capture the
full activities or behavior patternsrequires additional knowledge
of the environment and context.

Human States

Human states are essential elements as a target of health care
services with rea-time long-term health monitoring.
Physiological  cues, location/movement cues, and
activity/behavior cues constitute this category. First,
physiological cuesare captured by diverse physiological sensors
and collected as biometric data. Body temperature, heart rate,
blood pressure, respiration rate, and body weight are the
frequently monitored basic parameters [72,73]. Blood glucose
can be regularly monitored for diabetic patients;, oxygen
saturation of blood or sweating can be measured, for instance,
to monitor an elderly resident’s physical status during remedial
exercises. Second, location or movement cues can aso be
detected by multimedia sensors (eg, video cameras) or binary
sensors (eg, presence or motion sensors and pressure sensors).
For example, when the resident is in a bedroom, his or her
location can be detected by a closed-circuit television camera
or amotion sensor installed intheroom’sceiling or more simply
by pressure sensors equipped in a bed or foot mat. Location
cues can be tracked for the individual that is being cared for or
multiple residents, including other family members or
cohabitants. The location of a third person (eg, visitors) can
also be considered depending on service functions. Finally,
activity/behavior cues can be considered advanced data derived
from the interpretation of the former physiological cues and/or
location or movement cues combined with environmental cues.
For instance, a cooking activity can be detected combining the
resident’s location in the kitchen by pressure sensors on a
kitchen mat, his or her movement by a motion sensor in the
kitchen, the opening/closing of a refrigerator door, the on/off
of agas stove switch, and so on [3]. In thisway, habitual/regular
activities, such as cooking, dining, sleeping, resting, or bathing,
can be detected. At the sametime, abnormal behaviors, such as
slips or fals, can be captured based on irregular events, such
as a sudden impact on a foot mat or an unusual duration of
standing in locations [6,26].

Social Scape

Service Relationship

In the circumstances of SHHSs, the residents themselves are
thevery target of health monitoring service. Therefore, they are
included in the Physical scape as the source of human states.
Meanwhile, the resident can interact with diverse stakeholders
of health care services in service relationships. Professional
caregivers visit the resident’s home regularly or irregularly to
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provide professional care services. Clinicians at health care
centers are those who directly monitor the residents' health
status and provide consultationsto maintain the resident’s health.
Doctorsand nurses can al so be contacted through atelemedicine
system; they may be interested in receiving updates about the
progress of the resident’s disease based on health-monitoring
data [3]. Meanwhile, other service relationships exist that are
not directly relevant to health or medical services. When
emergencies or security problems occur, the staff at security or
emergency centers can be contacted by the residents or family
members, or they can be automatically informed by an
intelligent SHHS system detecting abnormal behavior. Staff at
local welfare centers or community service centers may also be
apart of nonmedical service relationships, and their visitsto a
resident’s home are important to check the living conditions of
elderly people who live alone.

Social Relationship

In addition to service relationships, social relationships can be
included in the social scape for those who work as informal
caregivers. For instance, family members who live apart from
the elderly resident, friends, neighbors, or any acquaintances
can build informal relationships by routinely or irregularly
contacting the elderly residents or by visiting them. Such
relationships could be meaningful because the informal
caregivers can help elderly residents engagein affective relations
with emotional support for their daily lives.

Datascape
Computing I ntelligence

Aspreviously noted, the Datascape is adistinctive characteristic
of smart services as an imperceptible servicescape, and
computing intelligence isaforemost part of Datascape that can
make health care services smart by intelligent processing.
Computing intelligence is composed of 3 elements, data
collecting, data reasoning, and service curating, and the
computing process in SHHSs also follows this order.
Meanwhile, it seems that those elements of computing
intelligence might be considered more as functions rather than
servicescape elements. However, Datascape is considered an
imperceptible environment in the SSW, so the collecting and
processing of data that are inevitable parts to constitute the
Datascape will also be regarded as environmental elementsin
this conceptual framework.

First, data collecting is an initial phase in which primary data
related to human states (ie, physiological cues and
location/movement cues) or environmental cues (ie, ambience
cues and object-state cues) are gathered. The collected data are
patternized and stored in a database to be analyzed for the next
reasoning phase. For instance, data from sensors that detect
environmental cues can be patternized using the following
format: Detection [Date] [Hour] [Sensor number] [Object
code] [Location code] [3]. Subsequently, the collected primary
data are used to (1) monitor the residents’ health status and
activity and (2) monitor the safety and security of the home
environment.

Second, data reasoning uses avariety of knowledge engineering
and data processing algorithms [3,12], such as artificial neural
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networks [80], fuzzy logic [81], hidden Markov models [82],
and context-based reasoning [83] to analyze the primary data.
The aforementioned algorithms are used to learn and develop
models for the resident’s behavioral and physiological patterns
aswell as the home environmental patterns [2]. Consequently,
data reasoning aims to (1) recognize the resident's daily
activities, (2) predict the resident’s behaviors based on activity
recognition, and (3) detect anomalies or emergencies as the
activities are carried out [3,22,84,85].

Finally, service curating is a substantial element of computing
intelligence because it implies the final service solutions in
SHHSs that have been generated from extensive interactions
among the smart servicescape elements. Moreover, the service
curating elementsare directly experienced and perceived by the
resident as health care services. According to the process of
datareasoning and the decision-making process[2,26], computer
intelligence can curate final solution services, such as (1) home
environment assistance (eg, temperature control, gas/power
control, or door opening/locking), (2) alert/emergency
management (eg, a reminder to take pills, a warning when the
gasison, or an emergency call to family members/care centers),
and (3) telemedicine service (eg, a progress check of chronic
diseases, aconsultation of health training status, or a prescription
for medications).

Database

As the second category of the Datascape, the database is
composed of aprimary database, secondary database, or external
database. First, the primary database stores environmental data
and physiological datadirectly collected from relevant sensors
or devices. It isusually alocal database, and it provides those
datato central servers—the computing intelligence—as inputs
for further processing. Second, the secondary database
accumulates the analyzed output data from the computing
intelligence, such as situation/context data, activity data, and
behavioral patterns. As the secondary database becomes
strengthened by data accumulation cycles, the recognition
accuracy of activities or behavioral patterns can be augmented
by machine learning through computing intelligence [3,86,87].
Finally, the external database can be accessed by the database
of SHHSswith authorized personnel’s permission, for instance,
to accessaclinical database such as personal electronic medical
records (EMRs) from health care centers. Moreover, a generic
database such as cloud services can be accessed and utilized by
SHHSs.

Communication Network

The sensorsand actuators of the hardware componentsin SHHSs
are connected with computing intelligence and the database
through a communication network [3,12]. Consequently, the
environmental cues and the human state cues captured by the
sensors are transmitted to the central computing server over a
wired and/or wireless communication medium [2].

In-home network refers to the communication platform that
provides datacommunication inside the smart home. Body area
network (BAN), personal area network (PAN), wireless sensor
network (WSN), and local areanetwork (LAN) can beincluded
in this category, in order of range[2,12]. Physiological sensors
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integrated in wearable devices usualy worn by the resident
form the BAN. In addition to the wearable on-body sensors,
diverse sensors on personal devices can be connected through
RFID or Bluetooth, forming the PAN. The BAN or PAN can
be connected with other environmental sensors and actuators
through the WSN (eg, ZigBee) [88]. The central platform of
computing intelligence can communicate with any sensors and
actuators in the smart home using the WSN to collect data or
send feedback for pertinent actions [2]. Consequently, those
short-range and low-powered communication platforms of
in-home networks form the LAN using a technology such as
Wi-Fi.

Moreover, bridging platforms, such as the internet and mobile
communication, are cost-effective and readily available solutions
for remote communication to access the external database [12]
and transmit various types of data, such as text, image, voice,
and video [3]. Furthermore, secured communication channels
[12] arerequired particularly for health care servicesto transmit
data to/from the clinical database, such as personal EMRs in
health care centers, because of privacy and authentication issues
[89].

Discussion

How to Apply the Smart Servicescape Wheel

Implications for Service Planning and Devel opment

As previously noted, the value of adopting the ecological
approach by proposing the SSW liesin delineating the extensive
spectrum of environmental constraintsin the complex adaptive
system of SHHSs. Diversified and undefined service experiences
can be generated by multifaceted combinations of smart
servicescape elementsthat could influence and shapethe domain
of users behavior. Therefore, the SSW defined the smart
servicescape elements at the level of components or functions.
Founded on this conceptual framework, it would be worthwhile
to suggest how to apply the SSW in research or practice for the
development of SHHSs.

First, the SSW can be utilized to establish requirements for
developing SHHSs. When service planners and developers
contempl ate elementsto combineto provide appropriate service
functions and service contexts, the SSW can serve as a map or
alist of candidates to demonstrate various and possible options
for smart servicescapes. It can help service planners and
developers to consider the various types of perceptible
servicescape elements—namely, thetypes of sensorsor actuators
and the types of information (eg, information from
environmental cues, human dstates, or socia scape
relationships)—and their diverse combinations. Associated with
their types and combinations, the types of imperceptible
Datascape elements would be determined, such as the types of
input or output data in terms of database, the types of data
modeling and decision-making algorithms regarding computing
intelligence, and the types of service curation. Moreover,
depending on the service curation types, the pertinent elements
of aPhysical scape or Socia scape can be selected for activation
in response to planned actions.
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Second, the SSW can be applied in association with work
domain analysis (WDA). Founded on the ecological approach,
WDA is a part of cognitive work analysis that identifies the
functional structure of asystem (ie, awork domain) independent
of activities [63,90,91]. WDA's worth lies in the fact that the
separation of structure from activities helps bring an important
source of order to the analysis of complex adaptive systems
such as SHHSs [92]. The WDA requires the determination of
physical resources, technical functions, domain functions,
domain values, and system purpose [92]. Therefore, the SSW
can provide candidate elements for the layer of physical
resources—and partially includes the layer of technical or
domain functions in case of the elements of computing
intelligence. In accordance with the specific properties of service
concepts in SHHSs, service planners/developers can select
relevant smart servicescape elements and connect them to
pertinent functions and values to realize an intended service
purpose effectively. Conversely, based on the various
combinations of smart servicescape elements, innovative
functions or values of service domains can be newly defined,
and a novel service system can be proposed.

Finally, the SSW can contribute to the understanding of real
contexts in SHHSs and the anticipation of diversified service
experiences. The extensive spectrum of environmental elements
illustrated by the SSW can support the anticipation of possible
behavioral patternsin theresident’s service experiences. Diverse
combinations of the smart servicescape elements and their
subsequent patterns of user behaviors can be accumulated in
the database and learned by the computing intelligence
employing machine learning technologies. Consequently, this
process can improve the accuracy of behavior prediction and
enhance the appropriateness of service curation in SHHSs.

Implications for Service Management

From the perspective of service management, the SSW can be
utilized to develop measurement items for the operation and
evauation of SHHSs. To determine the items to evaluate
services, the SSW can serve asacomprehensivelist of elements
to be considered. If the detailed eval uation measurement scales
are developed, it could be applied in various ways such as to
(1) diagnosethe current state of service operation, (2) determine
improvement points by identifying weaknesses in terms of
components, functions, and services, (3) enhance the pertinence
of actions against unexpected events or service failures, and (4)
strengthen the thoroughness of SHHS management. Moreover,
this kind of evaluation can find an opportunity to extend its
application domains toward other services based on SHHSs.

Limitations and Future Research

Degspite the value and opportunities presented by the SSW,
several limitations of the framework stem from its focus and
conceptual nature. As noted in the Introduction, service
experiences could be cocreated by multidimensional association
among 3 layers: servicescape, service interactions, and service
contexts. However, thefocus of the SSW islimited in describing
detailed servicescape elements rather than in determining the
interactions that occur between those elements or defining
probable influences from/on social and cultural structures (ie,
service context). For the sake of service planning and
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development, the other 2 layers of service interactions and
service contexts need to be profoundly investigated.

First, in terms of the service interaction layer, the next phase
after defining the environmental components and functions
could bethe establishment of detailed interactions and activities
shaped by the combination of smart servicescape elements.
Direct interactions such as those between the service user (ie,
the elderly resident) and the perceptible servicescape need to
be identified. Furthermore, the ambient interactions among the
imperceptible and perceptibl e servicescapes (ie, the Datascape,
Physical scape, and Social scape) without the user’s direct
intervention require a more comprehensive exploration
considering the ambient characteristic of smart services. The
layer of service interactions might allow us to consider
innovative ways of direct and ambient interactions for more
natural and user-centered experiences of SHHSs.

Second, regarding the service context layer, socia and cultural
structures such as social norms and institutions could influence
the ways of service interaction and experience formation.
Particularly, social structuresand institutions pertinent to SHHSs
need to be investigated in terms of ethical and legal issues
because persona data collected through smart home
technologies require a great degree of protection [17,20].
Therefore, norms, regulations, policy, and legislation systems
in association with privacy, security, and confidentiality issues
in SHHSs would require high attention in future research [93].

Third, as the SSW is a theoretically established conceptual
framework, further empirical studiesto evaluate the validity of
the framework are needed; it should be applied in the
development of a new system of SHHSs or in the analysis of
real use cases of SHHSs. Moreover, becausethe SSW isdefined
at the conceptual component or function level, it is limited in
its elucidation of real products or systems that could be the
complete combination of smart servicescape elements.
Therefore, further research on the association of the SSW
components to describe the cases of actual products or systems
could be possible.

Finally, although the aspect of Social scape was covered less
extensively than other scape categoriesin this study, it does not
mean that it is less significant. The Social scape has been
investigated largely from the perspective of stakeholders in
service research, and the stakeholders in SHHSs would be
complicated considering their intricate relationships. Therefore,
it could be required to explore the interplays of Social scape
parties in association with the elements of Physical scape and

Datascape.
Conclusions

This study asserted the value of an ecological approach with
emphasis on environmental constraints for understanding
SHHSs. This study is based on 2 rationales. (1) users tend to
perceive service quality and service experiences through the
servicescape because of the intangibility of health care and the
pervasiveness of smart home services and (2) both service
domains are complex adaptive systemsin which diversified and
undefined service experiences—not only afew intended service
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flows—can be generated by complex combinations of
servicescape elements.

Accordingly, the conceptual framework of the SSW was
proposed as an ecological approach delineating the extensive
spectrum of environmental constraints in SHHSs. Generally
divided into perceptible and imperceptible servicescapes, the
SSW consists of the perceptible Physical scape (ie, hardware
components, environmental cues, and human states), the Social
scape (ie, service relationships and social relationships), and

Kang et d

the imperceptible Datascape (ie, computing intelligence,
database, and communication networks).

The strengths of the SSW lie in its various application
opportunities. The SSW can be utilized in service planning and
development to (1) establish the requirements for SHHS
development, (2) associate with WDA by defining component
layers, and (3) understand thereal contexts of SHHSsto enhance
the prediction of diverse service experiences, as well as in
service management to develop measurement items for the
operation and evaluation of SHHSs.
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Abstract

Background: More aternatives are needed for recording people’s normal diet in different populations, especially adults or the
elderly, as part of the investigation into the effects of nutrition on health.

Objective: The aim of this study was to compare the estimated val ues of energy intake, macro- and micronutrient, and alcohol
consumption gathered using the EVIDENT |1 smartphone app against the data estimated with a food frequency questionnaire
(FFQ) in an adult population aged 18 to 70 years.

Methods: Weincluded 362 individuals (mean age 52 years, SD 12; 214/362, 59.1% women) who were part of the EVIDENT
Il study. The participants registered their food intake using the EVIDENT app during a period of 3 months and through an FFQ.
Both methods estimate the average nutritional composition, including energy intake, macro- and micronutrients, and alcohol.
Through the app, the values of the first week of food recording, the first month, and the entire 3-month period were estimated.
The FFQ gathers data regarding the food intake of the year before the moment of interview.

Results: Theintraclass correlation for the estimation of energy intake with the FFQ and the app shows significant results, with
the highest values returned when analyzing the app’s data for the full 3-month period (.304, 95% CI 0.144-0.434; P<.001). For
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this period, the correlation coefficient for energy intakeis.233 (P<.001). The highest value corresponds to alcohol consumption
and the lowest to the intake of polyunsaturated fatty acids (r=.676 and r=.155; P<.001), respectively. The estimation of daily
intake of energy, macronutrients, and a cohol presents higher valuesin the FFQ compared with the EVIDENT app data. Considering
the values recorded during the 3-month period, the FFQ for energy intake estimation (Kcal) was higher than that of the app (a
difference of 408.7, 95% Cl 322.7-494.8; P<.001). The same is true for the other macronutrients, with the exception g/day of
saturated fatty acids (.4, 95% Cl -1.2 to 2.0; P=.62).

Conclusions. TheEVIDENT appissignificantly correlated to FFQ in the estimation of energy intake, macro- and micronutrients,
and alcohol consumption. This correlation increases with longer app recording periods. The EVIDENT app can be a good
alternative for recording food intake in the context of longitudinal or intervention studies.

Trial Registration: Clinical Trials.gov NCT02016014; http://clinicaltrials.gov/ct2/show/NCT02016014 (Archived by WebCite

at http://www.webcitation.org/760i8EL 8Q)

(JMIR Mhealth Uhealth 2019;7(2):€11463) doi:10.2196/11463
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Introduction

Background

Within the framework of intervention studies, the analysis of
current or recent dietary intake can be approached with awide
variety of methods. In general, these methods are based on either
arecord of actual food intake over several daysor an estimation
using toolsthat assessthe frequency of consumption of different
foods [1]. Food frequency questionnaires (FFQs) allow us to
estimate normal food consumption habits over arelatively recent
period (months or years) by recording the frequency and amount
with which the foods included in a set list are eaten. This type
of questionnaire is most frequently used in epidemiological
studies because they are cheap, simple, fast, and alow individual
intake to be estimated with just 1 administration. The main
drawback is that they usually do not have complete data, their
list of foodsisfinite, and they require specific information from
the population of interest, including the main sources of nutrients
in the normal diet of the zone in which the study is conducted
[2,3].

The review by IlIner et a [2] suggests that food data collected
with cell phones could improve collection compared with using
conventional records because of the possibility of recording in
real time. In addition, higher intraobserver reliability has been
observed in comparison with written formats. Estimates of
dietary intake based on records made in periods of 3 to 7 days
could reduce costs. However, validity still appearsto belimited
when estimating an individual’sintake [4], given the necessary
prior training and increased effort involved in data processing.

Different apps have proven their validity against aconventional
method such as 24-hour recall. The apps Easy diet diary, My
meal mate, and Food now obtained good correlations and a
nonsignificant difference for energy intake [5-7] and small
differences of means for some food groups [8]. In addition,
other apps such asMy fithess PAL or e-DIA correlate positively
regarding the consumption of certain food groups[8,9], although
they may overestimate that of carbohydrates and lipids,
especialy in individuals with a higher energy intake [9]. All
these apps, however, have been validated in arelatively young

http://mhealth.jmir.org/2019/2/€11463/

audience and little is known about the behavior of older
smartphone users.

Research into the effect of food on health requires new tools
and technol ogiesto quantify food intakein avalid, flexible, and
simple way [3]. However, more evidence is needed before
recommending the app of these alternatives for recording the
normal diet of different populations, especially among adults
or theelderly [2]. Inthe EVIDENT Il study [10], an app for the
recording of dietary patterns was developed, which, in addition
to promoting the adoption of healthy lifestyles by the user, can
be useful for gathering data regarding food intake and their
subsequent use in nutritional intervention studies.

Objectives

The objective of thisstudy wasto compare the estimated values
of energy consumption, macro- and micronutrients, and alcohol
collected with the EVIDENT Il smartphone app in a week, a
month, and 3 months, with the data estimated by means of a
frequency questionnaire of food consumption in an adult
population aged between 18 and 70 years.

Methods

Study Design and Population

Participants were selected from among those included in the
EVIDENT Il clinical trial intervention group [10]. The objective
of this study was to assess the effectiveness of adding the use
of asmartphone app to brief lifestyle improvement counseling
(physical activity and eating habits) in a sample of the adult
population. Overall, 6 groups from the Red Espafiola de
Investigacion para Actividades Preventivas y Promocion de la
Salud en Atencidon Primaria (REDIAPP; Spanish Research
Network for Preventive Activities and Health Promotion in
Primary Care) participated in the study. Subjects aged between
18 and 70 years were included. Subjects were excluded if they
were unable to do exercise or follow the Mediterranean diet, or
if they met any of the exclusion criteria. These criteriawerethe
known presence of coronary or cerebrovascular atherosclerotic
disease; heart failure; moderate or severe chronic obstructive
pulmonary disease; musculoskeletal disease involving limited
walking; advanced respiratory, renal, or hepatic disease; severe
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mental disease; or a treated oncological disease diagnosed in
the last 5 years [10]. Of the 415 subjects in the intervention
group (brief counseling + smartphone app) of the EVIDENT II
study [10], 53 did not use the app to record their diet; hence,
for the study presented in this manuscript, 362 subjects were
included. This sample size allows the detection of a correlation
coefficient of .15 or higher between the energy intake estimated
by the FFQ and that estimated with the app, accepting an apha
risk of .05 and a betarisk of .20 in a bilateral contrast.

Variables and M easurement | nstruments

Estimation of Average Daily Nutritional Composition
With the EVIDENT App

The EVIDENT app is a smartphone app developed by the
computer company CGB and the Grupo de Investigacionen
Atencion Primariade Cagtillay Ledn (Castillay Ledn Primary
Care Research Group) of the REDIAPP (intellectual property
registration number 00/2014/2207).

The app alowsthe user to enter information regarding lifestyle
habits such as diet. Within the app, foods are organized by
groupsthat include dairy products, eggs, meat, fish, vegetables,
fresh fruits, pulses, cereals, oils and fats, pastries, cakes and
cookies, processed foods, snacks, beverages, bread, nuts, pasta,
rice, salads, seafood, sauces, soups, and creams. The app was
configured with the characteristics of each participant (age, sex,
weight, and height). The subjects were required to enter their

Figurel. EVIDENT app main screen and selection of dishes.
. PR
evident®

Select the meal
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food intake daily (breakfast, midmorning snack, lunch, afternoon
snack, and dinner) and select dishes and foods from the app
menu (Figure 1). In the case of breakfast, midmorning, and
afternoon snacks, the user selects each of the foods and their
quantity listed on the app in the standard measures used by the
reference population (Figure 2). For the lunch and dinner record,
thetype of dish and the size are selected (Figure 1). Other foods
consumed at different times are recorded with the meal closest
to them in time. On completing the daily record, the user is
provided with 2 types of information by the app (Figure 3). The
first covers the average nutritional composition of the
corresponding day in terms of energy intake and macronutrients.
This information was estimated using food composition tables
and serving sizes provided by the user. The second concerns
the nutritional composition of each ingested food corresponding
to the portion size selected. In addition, each individual receives
general weekly notificationswith feedback messages about how
well the general recommendations regarding certain aspects of
the diet such as the consumption of fruits and vegetables or
olive oil are being applied. This study presents the daily
estimates of energy intake, consumption of macro- and
micronutrients, and alcohol during the first week of recording,
the first month, and the total time that individuals used the app
(3 months). The average daily energy intake is expressed in
Kcal, whereas the intake of macronutrients and acohol is
expressed in g/day. The micronutrients are expressed in terms
of their respective units of consumption.

evident®

Select the meal size:
Spaghetti al pesto

Tapa @

\ Small @

Medium@
Large @
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Figure2. EVIDENT app food menu.
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Figure 3. EVIDENT app feedback information.

Apple
Carbohydrates  73.87% PP

Fats 7.87%

Proteins 10.08% Breakfast
Saturated fat 8.17%

Fiber 25-30g 1 piec
Cholesterol 66.55 ize

mg Medium

108.16 Kcal

Carbohydrates >50%
Fats <35%

Proteins 10—15%
Saturated fat <10%

Fibre >22g/day
Cholesterol <300 mg/day

22.8¢
0.72¢
0.62 g

0.12g
Saturated fat Fat

Carbohydrates Proteins 4.04 g

http://mhealth.jmir.org/2019/2/€11463/ JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 2 [e11463 | p.125

(page number not for citation purposes)
XSL-FO

RenderX



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

JMIR MHEALTH AND UHEALTH

Estimation of Average Daily Nutritional Composition
With the Food Frequency Questionnaire (FFQ)

A self-administered FFQ validated for the Spanish population
was used [11]. This questionnaire covers 137 foods frequently
used among the reference popul ation, along with their standard
portion sizes. Thesefoods are organized into groupsthat include
dairy products, eggs, meat, fish, vegetables, fresh fruits, pulses,
ceredls, oils and fats, pastries and cakes, processed foods,
snacks, and beverages. Within each of these categories, acertain
number of products are included. After receiving instructions
from researchers, participants indicated the frequency with
which each item was consumed during the last year on a scale
of 9 response options (never or almost never, 1-3 timesamonth,
once aweek, 2-4 times a week, 5-6 times a week, once a day,
2-3 times a day, 4-6 times a day, or more than 6 times a day).
The questionnaire data were used to estimate daily energy
consumption expressed in Kcal and intake of macronutrients
and alcohol expressed in g/day. Micronutrients were quantified
intermsof their respective units of consumption. For this study,
we used data obtained from the FFQ conducted for 3 months.

Other Measurements

Data on the sociodemographic characteristics of the population
(age and sex); educational level and occupation; smoking and
personal history of hypertension, dyslipidemia, and diabetes
mellitus were collected.

Hypertension was considered present with figures of >140 mm
Hg systolic blood pressure and/or 290 mm Hg diastolic blood
pressure or if the subject was being treated with antihypertensive
agents[12]. Dyslipidemiawas determined with total cholesterol
of 2240 mg/dL or triglycerides of =200 mg/dL or lipid-lowering
drug treatment [13]. For diabetes mellitus 2, we applied the
American Diabetes Association criteria (glycated hemoglobin
>6.5%, fasting plasma glucose 2126 mg/dL, plasma glucose
>200 mg/dL after 2 hours during an ora tolerance test of
glucose, random plasma glucose =200 mg/dL, or the use of
antidiabetic treatment) [14].

Smoking history was assessed through questions about the
participant’s smoking status (smoker or nonsmoker). We
considered smokersto be subjects who currently smoke or who
stopped smoking less than 1 year ago.

Ethical Considerations

The study was approved by the clinical research ethics
committee of the Salamanca health care area (June 21, 2013),
and d| participants gave written informed consent in accordance
with the general recommendations of the Declaration of Helsinki
[15].

Statistical Analysis

Descriptive statistics regarding clinical and sociodemographic
characteristics of the studied population were expressed by
means and SDs for the continuous variables and frequency
distribution for the qualitative variables.

http://mhealth.jmir.org/2019/2/€11463/
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Concordance of the energy intake estimations produced by the
app and the FFQ per week, month, and 3 months was analyzed
using the intraclass correlation coefficient (ICC). In addition,
the Bland-Altman method was used to calculate the limits of
agreement between the 2 measurement tools. The comparison
of means regarding energy consumption, macronutrients, and
alcohol between the 2 measuring instruments was conducted
with the Studentt test. In addition, the Pearson correlation
coefficient was used to analyze the relationship between the
estimations of macro- and micronutrients and alcohol intake
from the 2 measurement tools and between the 3 estimates of

the app.

All analyses were performed with SPSS version 23.0 (IBM
Corporation, Armonk, NY, USA) and an alpha risk of .05 was
set asthe limit of statistical significance.

Results

Characteristics of the Study Population

Our sample comprised 362 individuals with a mean age of 52
(SD 12) years (214/362, 59.1% women). Regarding
cardiovascular risk factors, 35.9% (130/362) had adiagnosis of
arterial hypertension, 28.5% (103/362) had dydlipidemia, 20.4%
(74/362) were smokers, and 7.5% (27/362) had diabetes mellitus
type 2 (Table 1). Among the 362 participants, 235 (235/362,
64.9%) registered their food intake more than 61 days (2
months) on the app, 62 (62/362, 17.1%) between 31 and 60
days (between 1 and 2 months), and 65 (65/362, 18.0%) less
than 30 days (<1 month).

Comparision Between Food Frequency Questionnaire
and EVIDENT Smartphone App

ICC between the FFQ and app for the estimation of energy
intake at 1 week, 1 month, and 3 months shows a significant
association in al 3 cases, with the highest ICC yielded by the
3-month record (.304, 95% Cl 0.144-0.434; Table 2). The
Bland-Altman plot was used to analyze the concordance of
energy intake estimated by the FFQ at 3 months and the
EVIDENT app at 1 week, 1 month, and 3 months (Figure 4),
with a limit of agreement at 3 months of 408 Kcal (95% ClI
-1223 to 2040).

Figures for the estimation of daily energy, macronutrient, and
alcohol intakes are higher with the FFQ than those provided by
the EVIDENT app (Table 3). The lowest values for energy,
macronutrients, and alcohol were found after 3 months of data
recording. As can be seen, the value estimated through the FFQ
for energy (Kcal) was higher than that yielded by the app, with
a difference of 408.7 (95% Cl 322.7-494.8; P<.001). Thisis
repeated with the remaining macronutrients, with the exception
of saturated fatty acids (g/day), in which a difference of 0.4
(95% CI —1.2 to 2.0; P=.62) was observed. The average values
of energy, macronutrients, and alcohol estimates recorded with
the app can be seenin Table 4.
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Table 1. Baseline characteristics of the study population (N=362).

Baseline characteristics Statistics?
Age (years), mean (SD) 52 (12)
Females, n (%) 214 (59.1)
Work situation, n (%)
Works outside of home 196 (54.1)
Homemaker 48 (13.3)
Retired 70 (19.3)
Student 7(L9)
Unemployed 41 (11.3)
Educational level, n (%)
University studies 102 (28.2)
Middle or high school 184 (50.8)
Elementary school 76 (21.0)
Smoking, n (%)
Nonsmoker 168 (46.4)
Smoker 74 (20.4)
Former smoker 120 (33.1)

BMIbcategoria n (%)

BMI <25 97 (26.9)
BMI 2510 30 152 (42.0)
BMI >30 113 (31.2)

Hypertension, n (%) 130 (35.9)

Dyslipidemia, n (%) 103 (28.5)

Type 2 diabetes mellitus, n (%) 27 (7.5)

8Categorical variables are expressed as n (%) and continuous variables as mean (SD).
bBMI: body massindex.

Table 2. Intraclass correlation coefficient for energy intake.

Comparisons Intraclass correlation (95% Cl) P value
FFQ?and EVIDENT app: 1 week 203 (0.021-0.352) .02
FFQ and EVIDENT app: 1 month .267 (0.099-0.404) .01
FFQ and EVIDENT app: 3 months .304 (0.144-0.434) <.001
EVIDENT app (1 week, 1 month, and 3 months) .941 (0.929-0.951) <.001

3FFQ: food frequency questionnaire.
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Figure 4. Bland-Altman Plots with the differencesin energy intake estimation (Kcal) between the food frequency questionnaire (FFQ; 3 months) and
data records of the application (1 week, 1 month and 3 months). (a) Limit of agreement for the estimation of the energy intake between FFQ and
EVIDENT application (1 week): 374 Kcal (-1373 to 2121); (b) Limit of agreement for the estimation of the energy intake between FFQ and EVIDENT
application (1 month): 386 Kcal (-1291 to 2063); (c) Limit of agreement for the estimation of the energy intake between FFQ and EVIDENT application
(3 months): 408 Kcal (-1223 to 2040).
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Table 3. Comparison of consumption of energy, macronutrients, and alcohol between the food frequency questionnaire and EVIDENT app.

Nutritional composition

FFQ? mean (SD) Mean difference of FFQ-EVI- Mean difference of FFQ-EVI-
DENT app at 1 week (95% Cl) DENT app at 1 month (95% ClI)

Mean difference of FFQ-EVI-
DENT app at 3 months (95% Cl)

Energy intake (Kcal/day) 2467.3 (729.8) 374.0 (281.9t0 466.1)
Proteins (g/day) 106.9 (29.5) 20.2 (16.5t0 23.9)
Carbohydrates (g/day) 260.4 (88.1) 59.8 (49.6 to 70.0)
Fats (g/day) 103.8 (37.9) 9.0 (4.1t0 14.0)
Saturated fats (g/day) 30.2 (12.3) 0.1(-15to 1.8)b
Monounsaturated (g/day) 45.9 (17.6) 1.7 (-0.6to 4. l)b
Polyunsaturated (g/day) 16.9 (8.6) 4.4 (341t05.9)
Cholesterol (g/day) 458.8 (175.9) 125.5 (105.2 to 145.8)
Fiber (g/day) 27.5(10.5) 1.9(0.7t03.2)
Alcohol (g/day) 9.2 (13.3) 4.0(291t05.2)

386.2 (297.7 t0 474.6) 408.7 (322.7 t0 494.8)
20.7 (17.1t0 24.3) 21.5(18.0t0 25.1)
60.8 (50.9to 70.7) 63.8 (54.1t0 73.4)
9.8 (4.910 14.6) 105 (5.8t015.2)

0.1(-15t01.8)° 0.4 (-1.2t0 2.0)°

2.2(0.0t0 4.3)° 2.5(0.4104.6)
4.4 (34105.4) 45(35105.5)
127.2 (1075 to 146.9) 130.2 (110.9 to 149.4)
1.9(0.7t03.2) 25(13103.7)
3.9(2.8105.0) 3.8(2.7105.0)

3FFQ: food frequency questionnaire.
bp> 05.

Table 4. Estimation of the average daily consumption of energy, macronutrients, and alcohol with data collected through the EVIDENT app during

the first week, first month, and throughout the 3 months.

Nutritional composition

EVIDENT app 1 week, mean (SD) EVIDENT app 1 month, mean (SD) EVIDENT app 3 months, mean (SD)

Energy intake (Kcal/day) 2093.2 (602.5) 2081.1 (577.0) 2058.5 (557.9)
Carbohydrates (g/day) 86.7 (24.6) 86.2 (22.3) 85.4(21.9)
Proteins (g/day) 200.6 (60.5) 199.6 (58.6) 196.6 (57.6)
Fats (g/day) 94.7 (34.6) 94.0 (33.1) 93.2(31.7)
Saturated fats (g/day) 30.0 (13.9) 30.0 (13.9) 29.8(13.2)
Monounsaturated fats (g/day) 44.2 (15.7) 437 (14.1) 43.4 (13.5)
Polyunsaturated fats (g/day) 12.5(4.9) 125 (4.9 12.4 (4.8)
Cholesterol (g/day) 333.3(125.1) 331.6 (113.0) 328.6 (106.9)
Fiber (g/day) 25.5(8.3) 255 (8.3) 25.0(8.2)
Alcohol (g/day) 5.2 (7.7) 5.3 (7.6) 5.3(7.6)

Table 5 shows the correlations between the EVIDENT app’s
1-week estimates for daily energy intake and the consumption
of macronutrientsand acohol on the one hand, and the 1-month
and 3-month records on the other. The values for energy
correlate highly (r=.823 and r=.774; P<.001 dl), although the
highest correlations correspond to alcohol consumption (r=.894
and r=.865; P<.001), whereas the lowest correlations are those
regarding cholesterol intake (r=.757 and r=.669; P<.001).

Table 6 shows the correlations between energy, macronutrient,
and alcohol intakes recorded by the FFQ and the EVIDENT
app for the first week, the first month, and at 3 months. The
coefficients are higher when the FFQ is correlated with the

http://mhealth.jmir.org/2019/2/€11463/

3-month data of the app. Energy intake yields a correlation
coefficient of .233 (P<.001). The highest value corresponds to
alcohol consumption and the lowest to the intake of
polyunsaturated fatty acids (r=.676 and r=.155; P<.001),
respectively.

Among the micronutrients (vitamins and minerals), we found
significant correlations between FFQ and app estimates (Table
7). The highest concordance valueswere found for calcium and
vitamin C intake (r=.316 and r=.319; P<.001), respectively,
whereas the lowest correlations corresponded to phosphorus
and vitamin D (r=.106 and r=.110; P<.05), respectively.
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Table5. Correlation of the consumption of nutrients between the intake estimated by the EVIDENT app in thefirst week, registration of the first month,
and the record of the 3 months.

Nutritional composition Correlation of the consumption between Correlation of the consumption between
first week and first month first week and three months
Energy intake (Kcal/day) 8232 7742
Carbohydrates (g/day) 8452 .800%
Proteins (g/day) 7892 7222
Fats (g/day) .800% 7312
Saturated fats (g/day) 8252 7632
Monounsaturated fats (g/day) 7752 7152
Polyunsaturated fats (g/day) .8022 7332
Cholesterol (g/day) 7572 6692
Fiber (g/day) 8352 7772
Alcohol (g/day) 8947 8657
%<, 0L

Table 6. Correlation of the nutrient consumption between the estimated values with the food frequency questionnaire and the registration through the
EVIDENT app of the first week, first month, and 3 months.

Nutritional composition Correlation between FFQ?with first Correlation between FFQ with first  Correlation between FFQ with 3
week records by the app month records by the app months records by the app
Energy intake (K cal/day) 135° 202° 233°
Carbohydrates (g/day) 147° 224° .268°
Proteins (g/day) 172° .207° .204°
Fats (g/day) .165° .220° 232°
Saturated fats (g/day) 276° 201° 311°
Monounsaturated fats (g/day) 118° .220° .236°
Polyunsaturated fats (g/day) 111° .130° 155°
Cholesterol (g/day) 154° .193° .204°
Fiber (g/day) .204° .280° .314°
Alcohol (g/day) 647° 675° 676°
3FFQ: food frequency questionnaire.
bp< 05.
°P<.01.
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Table 7. Correlation of mineral and vitamin consumption between the values estimated by the food frequency questionnaire (FFQ) and data collected
through the registration of the EVIDENT app of the first week, first month, and 3 months.

Micronutrients

Correlation between FFQ?with first  Correlation between FFQ with first - Correlation between FFQ with 3

week records by the app month records by the app months records by the app
Minerals
Calcium (mg/day) 259° 295P 316°
Iron (mg/day) .190° 2540 259°
lodo (ug/day) 155P 1780 .198°
Magnesium (mg/day) 175P 2770 299P
Zinc (mg/day) 175° 210° 221°
Selenium (ug/day) .189° 244P 232°
Phosphorus (mg/day) .093 .109° .106°
Sodium (mg/day) 124° 1570 151°
Potassium (mg/day) 197° 2670 278°
Vitamins

Vitamin A (mcg/day) 141° 167° 166°
Vitamin D (mcg/day) .094 .092 .110°
Vitamin C (mg/day) 262° .308° 319°
Vitamin B1 (mg/day) 155P .189P 224P
Vitamin B2 (mg/day) 205" 244° 248°
Niacin (mg/day) 130° 181° 171°
Vitamin B6 (mg/day) 210° 236° 225P
Folic acid (mcg/day) 231° 2762 298P
Vitamin B12 (mcg/day) 139P 1962 .196°
Retinol (mcg/day) 163° 151P 162°
Carotenoids (mcg/day) 230° 275P 274°

3FFQ: food frequency questionnaire.

bp<.01.

®p<.05.

Discussion Theincreasing use of smartphones has produced an increasein

Principal Findings

Dietary records with the EVIDENT app yielded significant
intraclass correlation with the FFQ in terms of energy intake.
Similarly, the correlation between both instruments regarding
the estimation of daily macro- and micronutrients intake and
alcohol consumption was statistically significant. Furthermore,
the correlations between the val ues obtained with the FFQ and
with the EVIDENT app increase with longer app recording
periods. The results of this study allow us to hypothesize that
the use of electronic devices can be an alternative to FFQ for
food recording in the context of longitudinal or intervention
studies.

http://mhealth.jmir.org/2019/2/€11463/

the number of apps aimed at recording food intake. Many of
these apps[6,7,16,17] have been compared against atraditional
method of collecting information such as 24-hour recall with a
young population. These apps have in common a high
correlation for the estimation of energy intake, with small and
insignificant differences between the app and 24-hour recall
methods and with dlightly higher values recorded by 24-hour
recall for all measurements. The EVIDENT app’s estimates of
energy intake are significantly lower than those estimated with
the FFQ. The correlation between both instruments of
measurement is significant and rises asthe food recording period
using the app increases. However, this correlation is low
compared with other works [6,7,16,17]. There are several
explanations for this finding. First of al, the EVIDENT app
was compared with an FFQ rather than a 24-hour recall. This
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aspect is key to understanding the results. The 24-hour recall
consists of collecting the most detailed information possible
about the foods and beverages consumed in the preceding 24
hours. It isamethod widely used in cross-sectional studies, but
the great variety of available foods and ways of preparation
makes it more difficult to estimate the rations consumed. In
addition, one of the main limitations is that a single day of
analysisdoes not reflect the usual pattern of consumption. When
acomparison ismade with ameasuring instrument that explores
food consumption over a short period (24 hours), a high
correlation is expected asthefood intakein that periodislimited
and the time gap between the records of both toolsis closer, so
there is less risk of memory bias. FFQs, meanwhile, estimate
the nutritional intake over alonger in this case, 1 year. During
this period, variability in foods is much higher and may be
influenced by aspects such as seasonality or festivitiesthat could
alter food consumption. The FFQ seem to be agood instrument
to estimate the nutritional composition over long periods (1 year
or more) and the 24-hour recall in shorter periods (between 1
day and a week). However, for the estimation of energy and
nutrient intake in the context of clinical investigations, it is
necessary to use instruments capabl e of reporting beyond recent
intake. The results of this study suggest that the use of the
EVIDENT app can be a good measuring instrument for the
estimation of nutritional composition in the context of
longitudinal or intervention studies, although theimplementation
in clinical practice of this type of food registration tools could
be difficult if there is not enough motivation to register them
for long periods.

Comparison With Prior Work

Among the macronutrients, the highest correlation isfound for
carbohydrates and fiber and the lowest, athough significant,
for polyunsaturated fatty acids. However, the correlation
coefficientsmaintain similar valuesfor al dietary components,
which lend the app ahigh degree of cohesion. Again, the higher
the number of days recorded, the greater the correlation. The
estimation for energy intake and consumption of macronutrients
show higher values when FFQ is used, which reinforces the
conclusions of many other studies that indicate that FFQs may
overestimate food consumption compared with other assessment
instruments [18,19]. There are also notable differences in the
process of data collection between the 2 toolsfor estimating the
nutritional composition. Both the app and the FFQ collect the
same types of food. However, the amount of products available
for selection, within each category, is greater in the app. In this
way, for example, in the selection of fish, the app has a greater
range of productsto select, distinguishing between each of them
in a particular way. Although the FFQ tends to group more
products into subcategories such as blue fish, white fish, or
salted fish, not all fishes within the same subcategory have the
same nutritional composition. In this sense, the app could be
much finer in the estimation of macro- and micronutrients.

In the study conducted by Ashman et al [16], which also
analyzed the results obtained with an app and a questionnaire
for the estimation of micronutrient intake, moderate correlations
(r=.47-.94; P<.05in all of them) were found. However, among
other information, the study subjects contributed characteristics
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regarding the preparation of the food consumed, which may
have been influenced by subjective aspects linked to particular
preferences in cooking as well as to certain customs. The
population consisted of pregnant women, possibly under specific
care and dietary care regimes. Moreover, previous research has
shown that the 3 days, during which the app was used, would
not be a sufficient period to accurately estimate micronutrient
intake [20]. Regarding alcohol consumption, Ambrosini et al
[6], in line with our results, also found a moderate correlation
using an app and the 24-hour recall questionnaire. However,
the study concluded that the app may have underestimated the
consumption of alcohol compared with the 24-hour recall
guestionnaire. In addition, subjectsonly used the app for 4 days.
A possible explanation of the difference between the different
correlations found in the studies of Ashman and Ambrosini
[6,16], for the consumption of macro- and micronutrients, and
our study is that in the EVIDENT study, throughout the
registration period, participants received daily notificationswith
recommendations to improve their dietary habits. These
recommendationswere part of theintervention of the EVIDENT
trial and were aimed at achieving greater adherence to the
Mediterranean diet and better adaptation to the recommendations
for consuming macronutrients in the context of the usual diet.
Another aspect that can explain the results are the different
characteristics of the population studied in terms of age and
health. The samples studied by Ashman [16] and Ambrosini
[6] are relatively small (N=25 and N=50), with a young age
average (29 and 31 years, respectively), and with a high
percentage of women. However, the participants of the
EVIDENT study are between 18 and 70 years of age, with an
average of 52 years. In addition, the percentage of cardiovascular
risk factors (hypertension, diabetes, dydlipidemia, and smoking)
is dightly higher than in the general population. These
circumstances highlight the heterogeneity of this sample and,
therefore, the difficulty of finding more accurate correlations
of nutrients between the different estimation instruments.

Limitations

One of the main limitations of this study is the traditional
instrument to which the app’s records were compared, an FFQ.
This questionnaire was validated for the reference population
(Spanish population) and uses the nutritional composition data
of 137 normally consumed foods in Spain for the daily
estimation. The data involved are those of the year before the
interview. Other apps have used shorter periods (24 or 48 hours)
and have compared their results against 24-hour recall. These
studies have obtained better correlation results but these results
wereto be expected, given the very limited period during which
intake data were collected.

Conclusions

The EVIDENT app correlates significantly with FFQ in the
estimation of energy intake, macro- and micronutrients, and
alcohol consumption. This correlation grows as the app’s food
recording period increases. The EVIDENT app can be a good
alternative for gathering information on energy intake and the
consumption of macronutrients, in the context of longitudinal
or intervention studies.
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Abstract

Background: Periodic demographic health surveillance and surveys are the main sources of health information in developing
countries. Conducting a survey requires extensive use of paper-pen and manual work and lengthy processes to generate the
required information. Despite the rise of popularity in using el ectronic data collection systemsto alleviate the problems, sufficient
evidence is not available to support the use of electronic data capture (EDC) tools in interviewer-administered data collection
processes.

Objective: This study aimed to compare data quality parameters in the data collected using mobile electronic and standard
paper-based data capture tools in one of the health and demographic surveillance sites in northwest Ethiopia.

Methods: A randomized controlled crossover health care information technol ogy eval uation was conducted from May 10, 2016,
to June 3, 2016, in a demographic and surveillance site. A total of 12 interviewers, as 2 individuals (one of them with a tablet
computer and the other with a paper-based questionnaire) in 6 groups were assigned in the 6 towns of the surveillance premises.
Data collectors switched the data collection method based on computer-generated random order. Data were cleaned using a
MySQL program and transferred to SPSS (IBM SPSS Statistics for Windows, Version 24.0) and R statistical software (R version
3.4.3, the R Foundation for Statistical Computing Platform) for analysis. Descriptive and mixed ordinal logistic analyses were
employed. The qualitative interview audio record from the system users was transcribed, coded, categorized, and linked to the
International Organization for Standardization 9241-part 10 dialogue principles for system usability. The usability of this open
data kit—based system was assessed using quantitative System Usability Scale (SUS) and matching of qualitative data with the
isometric dialogue principles.

Results: From the submitted 1246 complete records of questionnaires in each tool, 41.89% (522/1246) of the paper and pen
data capture (PPDC) and 30.89% (385/1246) of the EDC tool questionnaires had one or more types of data quality errors. The
overal error rates were 1.67% and 0.60% for PPDC and EDC, respectively. The chances of more errors on the PPDC tool were
multiplied by 1.015 for each additional question in the interview compared with EDC. The SUS score of the data collectors was
85.6. In the qualitative data response mapping, EDC had more positive suitability of task responses with few error tolerance
characteristics.
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Conclusions: EDC possessed significantly better data quality and efficiency compared with PPDC, explained with fewer errors,
instant data submission, and easy handling. The EDC proved to be a usable data collection tool in the rural study setting.
Implementation organization needs to consider consistent power source, decent internet connection, standby technical support,
and security assurance for the mobile device users for planning full-fledged implementation and integration of the system in the

surveillance site.

(JMIR Mhealth Uhealth 2019;7(2):€10995) doi:10.2196/10995
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Introduction

Scientific Background

In most of the low- and middle-income countries, millions of
people born and die without registration in any legal and
statistical records. Health and social policy planning and
evauations are performed with statistical assumptions for
unrecorded lives [1,2]. The lack of a fully functiona civil
registration system in those countriesforce themto rely on other
interim measure data sources such as censuses, Health and
Demographic Surveillance Systems (HDSSs), and Demographic
and Health Surveys (DHS) programsto understand popul ation-
level health determinants[3,4]. Conducting any survey inthose
countries requires extensive use of paper-pen and manual
processesto managethedata[5]. Paper data collection processes
arelabor intensive, time-consuming, susceptibleto errors, incur
high printing and running costs, and are cumbersome and
uncomfortablefor field datacollection [6,7]. The need to support
the paper process and the recent advanced popularity of mobile
devices fortified the development and use of electronic data
collection methods in community health and clinical research
works. Electronics devices such as persona digital assistants
[8-10], mobile phones [11,12], and tablet computers are
noticeably tested for their potential rolein replacing the standard
paper-based tools [7]. The anticipation is that electronic data
capturing tools may overcome substantial limitations of the
paper-based system through saving time, improving the data
quality, and minimizing overall cost [6,7,9,13,14]. Duethe fast
evolution of information technology and the heterogenicity of
infrastructuresin different countries, eval uations of such systems
require periodic and setting context evidence to support the
growing claims on their efficiency, effectiveness, and impacts
[15,16].

Rationale for the Study

The recent emerging research outputs are expediting the use of
electronic data collection methodsin lower- and middle-income
countries. However, most of the available evidence cannot
surpass the common critics on the quality of mobile health
(mHealth) evidence. The critic shares 2 major points: First,
there is little to no field-based study for quantifying the
interaction of dataquality and data capture technol ogies. Second,
rigorous scientific research designs such as randomized
controlled trials are few in number and type [17-20]. The
majority of the research papersarework experience reportsand
simple descriptive one-arm studies [21-23]. Moreover, the
comparative studies are from research conducted at a different
time [7,9,11] or surveys that are not conducted on field and
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rather conducted in the hospital and clinic settings [10,12,24].
The presence of an interviewer adds an additional breadth to
the multifaceted interaction among the survey questionnaire,
the respondent, and the survey delivery approach, which can
result in different approach effects. Therefore, use of smart
devices such as atablet computer to support interviewer-based
survey questionnaires would be explored separately. There are
experiences of using mHealth for data collection in Ethiopia
[7,25,26]. According to the authors literature review and
expertise, thereisalack of comparative trial evaluation studies
on the effect of data capture tools on the quality of the datain
interviewer-administered surveys conducted in demographic
and surveillance sites.

Therefore, in this study, we evaluated mobile electronic data
capture (EDC) tools and compared them with the traditional
standard paper-based system on the quality of recorded
responses from rural community household respondents.

Objectives

The purpose of this study was to compare data quality
parameters in the data collected using mobile electronic and
standard paper-based data capture tools from Dabat Health and
demographic surveillance sites in northwest Ethiopia.

The study’s primary research question was:

« Isthe error rate of data collected by an EDC tool less
compared with paper and pen recorded data?

The secondary questions were:

« Isthere alearning effect in the use of EDC through the
course of the data collection period?

« Isan electronic mobile-based data collection tool usable to
the data collectors in Dabat hedlth and demographic
surveillance sites?

Study Context

Organizational Setting

Thisevaluation research wasimplemented at Dabat HDSS, & so
called the Dabat Research Center, in northwest Ethiopia. The
surveillance siteis a member of the INDEPTH global network
of HDSSs, which has 42 health research centers as members
and 47 HDSSfield sitesin 18 low- and middle-income countries
in Africa, Asia, and Oceania [27]. The surveillance center
established in 1996 aims to generate community-based
representative evidence through a continuous longitudinal data
collection process. The surveillance is run by the College of
Medicine and Health Sciences, which is one of the
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colleges/faculties of the University of Gondar in Ethiopia. Dabat
district, the surveillance site, is one of the 21 districtsin North
Gondar Administrative Zone of Amhara Region in Ethiopia.
According to the INDEPTH Network, Dabat HDSS isworking
with 69,468 participants [28].

System Details and System in Use

A 30-page paper questionnaire, in 8 subthematic sections, was
developed by a team of researchers at the Institute of Public
Health a the University of Gondar, Ethiopia. The
comprehensive survey was called “integrated survey on
maternal, childhood, nutrition, and disability in Dabat Health
and Demographic Surveillance System (HDSS).” The themes
addressed pregnant women, young females, children aged less
than 5 years, and people with disabilities. The number of
guestions in each subthematic questionnaire varies from 15 to
63, and each interviewer can use at least one of them or a
combination of subthematic questionnaires based on the
respondent’s category of cases. Most of the overal items
(88.25%) were closed-ended questions.

Open Data Kit Questionnaire Development

Open Data Kit (ODK) was chosen to develop the EDC system
using an open-source app. ODK has an open suite of tools used
to design the form, collect, and aggregate the data. Similar
experience was observed in a couple of recent studies [7,29].
The exact copy of the paper questionnaire was converted to its
electronic replicaform using Excel and XL SForm. After passing
thetechnical validity, the form wasuploaded to the server. Each
data collector can get a new blank form for the first time with
an authorized log-in to the server. For multiple-choice questions,
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single question per screen is displayed on the tablet screen,
whereas for questions in a tabular form, many questions per
screen are shown on the screen. From overall questionnaire
items, only the respondents household identification (ID),
personal ID, and data collectors’ and their supervisor's name
wererequired. The questionnaire is designed to filter numbers,
assist date function, and check for skip patterns to prevent
significant typing and data format errors. No other error
controlling functionalities were incorporated because of the 2
data collectors per interview design nature of this study. The
data entry fields were restricted to option buttons, check boxes,
or empty fields (Figure 1).

After completing each interview, the data collector can use the
“Edit Saved Form function for any valid correction and can
use the “ Send Finalized Form function to send the form to the
server instantaneously. The third generation maobile internet
network was used to connect each tablet computer to the server.
In the case of limited network connectivity, submissions of the
saved data were transferred when the data collectors were in a
good network coverage area.

For this survey, we used the TechnoPhantem? tablet computer.
The device islocally manufactured in Ethiopia with an inbuilt
Ethiopian national working language called Amharic. A fully
charged tablet has abattery life of approximately 48 hours. We
have restricted the functionalities of many unnecessary appsin
the devicesto savethe battery lifetime. To test the natural course
of electricity infrastructure in the areas, we have not used extra
battery or power banks as a reserve power source to charge the
tablets.
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Figure 1. Screenshot examples of the type of questions; multiple choices (A), number (B), single select (C), and date (D) presented in the electronic
data capture tool used for the survey in Dabat Demographic and Health Surveillance site in June 2016, northwest Ethiopia. Trandlation of the Screen:
(A) 217: Which of the signs of pregnancy complications or danger sign of pregnancy have you encountered during postnatal period? bleeding, fever,
vaginal gush of fluid, incontinency, and other (describe); (B) 204: Birth weight for the last child (if it was measured); (C) 213: Where did you give birth
for your last child? home, hospital, health center, health post, and other (please mention it here); and (D) 218: When was the last child delivered?
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Methods

Study Design

We conducted a field-based, prospective, randomized,
controlled, crossover tria to investigate the error rate as an
indicator of data quality. Moreover, usability evaluation using
System Usability Scale (SUS) and semistructured questionnaire
(MultimediaAppendix 1) interviewswere conducted to observe
the user impression in use of EDC.

The evaluation study started after the approval by the Ethical
Committee of the University of Oldenburg (vote-number
148/2016, chair Professor Griesinger) and the ethical vote of
the University of Gondar, Research and Community Service
Gondar, Ethiopia(vote-number O/V/P/RCS05/501/2015, signed
by TT Adefris). The data are kept confidentially and the
electronic copy of the data is stored in the Department of
Medical Informatics of the University of Oldenburg

Study Participants

Oral consent was obtained from the participants and data
collectors after the objective of the research was explained
briefly. Data collectors, who were permanently employed to
Dabat DHS site and contractually employed for this integrated
survey, were our research participants. The datacollectors main
task was to travel house to house and conduct a face-to-face
interview with the persons living in selected Kebeles (smallest
administrative unit) of Dabat district.

From 13 towns chosen for the overall survey, 6 towns were
selected for our specific research based on accessibility of
internet coverage and electric power supply in the town or
nearby towns. On the basis of this, 12 data collectors, who were
assigned to work in 6 towns, were involved. On each survey
day, the interviewer was randomly selected to have either a
tablet computer or a paper questionnaire based on computer-
generated orders of tool usersin the study period.

Study Flow

The evaluation trial started after the technical team at the
University of Gondar, Department of Health Informatics in
Ethiopia managed the form creation, ODK Collect app
installation on the tablet, and server configuration. Following
this, we trained data collectors for 2 days on the basic tablet
computer use, EDC functionalities, and questionnaire content.
After incorporating comments from the participants on the
functionality of the system, we performed pretests of the system
for 2 daysintownsoutsidefrom our trial area. The pretest phase
showed some critical deficits of the system, and we have
discovered unseen system errors, such as unnecessarily required
items that significantly delay the data collection time. They
were removed, and many decimal point items were corrected.
A mini user manua using the local language was prepared and
given to the interviewer along with working procedures.

The 2-interviewer pair, one with tablet computer and the other
with paper questionnaire, went together to each household and
sat next to each other to conduct the interviews (Multimedia
Appendix 2). In a given interview, one of the data collectors
leads and asks the questions, whereas both fill in the data
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independently and concurrently. For each interview day, the
schedule of field data collectors were generated according to a
computer-generated random order. The order defined the date
and the data collection tool—EDC or paper and pen data capture
(PPDC)—for each data collector in a team. The interviewers
did not know the generated order in advance. Upon the
supervisor notification, the paper and tablet devices were
exchanged between the interviewers.

To evaluate the electronic tool, we used the first month of the
comprehensive survey meant to address alarger population for
approximately 4 months. Our actual data collection period was
from May 10, 2016, to June 3, 2016. At the end of the
field-based data collection period, the usability questionnaire
was given to each data collector. Moreover, their satisfaction
and opinion during the system use were asked by using a
semistructured interview questionnaire (Multimedia Appendix
3).

Outcome M easures or Evaluation Criteria

We chose the overal data quality errors (missing and
inaccuracy) asindicators of dataquality. It indicatesthe existing,
missing, or inaccuracy errorsfrom the data collected using either
paper or electronic tools. The following are the evaluation
criteria:

»  Overdll errors: Thisindicatesthe existence of one and more
error types from the total records in a questionnaire (how
many of the records have one or more items with errors
fromthetotal records). For the pen and paper questionnaire,
we usethe original responses recorded by the data collectors
before correction isgiven from the supervisor or data passes
to cleaning and data entry phases.

« Missing: It represents missing answers or questions with
no answers in questionnaire completed by the interviewer
and submitted to the supervisor or to the server.

« Inaccuracy: It represents any problematic items or
incompatible values in the data. It includes decimal point
errors, invalid date, or text-unreadable values.

«  Quantitative SUS evaluation: Response from the 10-item
guestionnaire based on a 5-point Likert scale was
summarized. The system was considered usable if the
overall SUS score was >67 (ranging from 0-100) [30].

« Qualitative isometric: The analysis is based on the
International Organization for Standardization (1SO)
9241-110 dialogue principle. The 7 dialogues were based
on the description in the studies [31,32]. Transcribed
interview response was related to the 6 dialogue principles
and summarized witha“+” and“-" notation if theinterview
response fits positively or negatively, respectively.

Methodsfor Data Acquisition and M easurement

The data collectors with paper questionnaires hand over
completed questionnairesfor their respective supervisorsdaily.
To identify the potential errors in a given paper-based
guestionnaire, the supervisors used error extraction sheets and
recorded al identified errors before giving correction,
comments, and suggestions back to the data collectors. For the
EDC system, the completed questionnaires were directly
submitted to the server. The administrator has privileges to

IMIR Mhealth Uhealth 2019 | vol. 7 | iss. 2 |€10995 | p.139
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

access and monitors the process daily and checks submissions
from all interviewers. Technical inquiries from the data
collectors or supervisors are replayed immediately by standby
technical members.

Electronically submitted data were downloaded on a weekly
basis in Excel format from the server and sent to an actual
research site where the counter paper-based questionnaire
remained. Furthermore, 2 technical assi stants compared the data
errors recorded on the extraction sheets and electronically
submitted data. Each item in the questionnaire was double
checked and the errors were noted accordingly.

Anonymized data from the study site were brought to a
department of the Medical Informaticsat the Carl von Ossietzky
University of Oldenburg. MySQL was used for the cleaning
and preparation of datafor analysis by 2 researchers.

To evaluate the software usability, we used the Amharic
language translated SUS questionnaire [30]. The 10-item
guestionnaire is based on a 5-point Likert scale and produces a
maximum score of 100 on the users’ impression on the EDC
tool. We chose SUS because of its shortness and the
understandable phrasing of questions even for noninformation
technology skilled persons such as our data collectors. The
results of our SUS questionnaire showed a Cronbach alpha of
.841 for reliability.

We aso used semistructured questionnaires to perform
face-to-face interviews with data collectors who were involved
inthistrial. Tape-recorded and noted data were then transcribed
for further analysis based on the dialogue principles defined in
the 1SO 9241-110 [31].

Methodsfor Data Analysis

Univariate analyses, to quantify errorsin data capture tools, was
performed by SPSS (IBM SPSS Statisticsfor Windows, Version
24.0) and R statistical software (R version 3.4.3, The R
Foundation for Statistical Computing Platform) was used to
perform ordinal logistics mixed regression model to see the
effect of some variableson the quality of the data. Asthe dataset
contains 2 values for each observation, a number of errors for
the tablet questionnaire and a number of errors for the paper
version, there are a lot of ties or dependencies between the
observations. To reduce theseties, we constructed anew variable
as the difference between the 2 numbers of errors. However,
this variable contains many zeros. We chose to resolve this
problem by categorizing the variable into the following 3
categories: fewer errors in the paper version than in the tablet
version, zero difference, and more errors in the paper version
than on the tablet. We assumed a dependence between the error
rates and the overall length of the questionnaire as well as
differencesin performance between groups of the 6 interviewers.
Consequently, we constructed amixed ordinal regression model
to explain the category of error differences along the length of
the questionnaire. The model contains random effects for the
individual performance of groups of interviewers. At the same
time, we estimated models that specialized on the influence of
the different types of questions and their quantities. For every
model, we used a regression equation with the following
structure:
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Error_diff cat = b_1 covariate + a_G1 covariate +
..taG6+e[1l]

“Covariate” stands for the different measures of the length of
the questionnaire and a_G1 to a_G6 denote the random effects
for each group. For the estimation, we used acumulative logistic
mixed regression model. Estimation was performed within the
software R using the add-on package “ordinal.” We tried to
include additional covariates in a forward selection process
though they were eliminated on the basis of the Akaike
Information Criterion. For each regression coefficient, we can
construct a test for statistical significance of the influence of
the corresponding covariate. We may test the hypotheses HO:
IB|=0 versus H1.: |B[%0 by constructing a confidence interval for
thelevel 1-a and check whether it includes the value from HO.
Hence, we can conclude whether we find a significant increase
in the error rate in either of the 2 methods.

For qualitative analysis, 2 computer scientist experts and 1
public health expert with a professional informatics background
independently mapped the qualitative responses to 6 of the 7
dialogue principles, and then later approved the category
together. When a difference arose, a physician and medical
informatics expert was consulted for an agreement.

The dialogue principles of 1SO 9241-110, namely, suitability
for the task, suitability of learning, controllability, self-
descriptiveness, conformity with user expectation (CUE), and
error tolerance (ET) is used to map the transcribed interview
result. To include many of the respondent views, we have
expanded the dialogue principles, mainly suitability for the
tasks, focused from the software and hardware context to include
socia and environmental contexts.

Results

Data Collectors Sociodemogr aphics

A total of 1246 respondents data were recorded through
face-to-faceinterviews using conventional PPDC tools, whereas
1251 respondents records were observed in the electronic
database. During data cleaning, we found that 5 of the records
submitted through EDC were found empty. We removed the
counter of 5 records from EDC because their records could not
be depicted in the paper record files using the same IDs.

A total of 12 interviewers, 4 male and 8 female, aged 21 to 32
years, participated in the study. Among these, 4 were nurses, 3
were information technologists, 1 was a person with a
background in social science, and the rest of the data collectors
had no specific professional background. Regarding their
educational status, the majority (8/12) had completed high
school and vocational school certificate or diploma. Their
experience as a field worker ranged from 2 months to 7 years
with a mean of 2.6 years. Moreover, 4 of the interviewers had
experience of using smartphones as a personal phone. None of
theinterviewers had previous experiencein using asmartphone
or tablet computers as a data collection tool.

Unexpected Events During the Study

Although we started our survey with 6 pairs of data collector
groups, unfortunately, one of the team terminated the study after
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2 weeksof the survey period. Theinterruption occurred because
of personal conflicts unrelated to the survey in the community.
The conflict caused the termination of data collection in that
area as the situation could not be resolved during the survey
period. Therefore, we completed the survey with the remaining
5 groups.

Study Findings and Outcome Data

Errors per Questionnaire

From the compl ete 1246 submitted questionnairesin both PPDC
and EDC tools, 522 (41.9%) of the PPDC questionnaires had
1 or more errors. From this, the mgjority with 175 (33.5%) of
the questionnairesthat had only 1 error followed by 112 (21.4%)
guestionnaires with 2 errors and 55 (10.5%) with 3 errors.

At EDC, 385 (30.9%) of the questionnaires had one or more
errors. Thus, the mgjority of 241 (62.5%) had only 1 error
followed by 76 (19.7%) questionnaires with 2 errors and 41
(10%) with 3 errors (Figure 2 and Multimedia Appendix 1).

Zelekeet a

Error Rate

Theoveral error rate, computed from the total error count over
thetotal number of asked items, was 1.14%, from which 0.73%
were missing and 0.4% of the rateswereinaccuracy errors. The
PPDC error rate was 1.67% (missing 0.92% and inaccuracy
0.75%), whereas the EDC error rate was 0.6%, of which 0.54%
were missing and 0.064% were inaccuracy errors (Table 1).

Error Rate Over Time/Learning Effect

Though Figure 3 shows no smooth pattern of mean error rate
increasing or decreasing over the study time, thereisavisible
difference observed between the 2 toolsregarding the error rate.
EDC has a constant error rate ranging below 1%, whereas the
overal and PPDC error rates swing between 1% and 1.5%,
respectively. There were random peaks of the error rates at
different points of time in the study period; the overall error
rate does not show aconstant trend of decrease or increase over
time (Figure 3). The statistical trend analysis also showed that
trends are not detected at the P<.005 level.

Figure 2. Frequency of error comparison among the electronic data capture (EDC) tools using tablet computer and paper and pen data capture (PPDC)
tools during a survey in the demographic survey sitein 2016, Dabat, northwest Ethiopia.
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Table 1. Error rate by types of errors and the tools used during asurvey in a
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demographic survey sitein 2016, in Dabat, northwest Ethiopia.

Error type Error type
Overall asked items (N=221,106), n (%)  Paper-asked items (N=110,691), n (%)  Tablet-asked items (N=110,415%, n (%)
Missing 1620 (0.73) 1020 (0.92) 600 (0.54)
Inaccuracy 901 (0.40) 830 (0.75) 71(0.10)
All errors 2521 (1.14) 1850 (1.67) 671 (0.60)

#The item difference results from the extra asked items in the paper questionnaire because of asking items that have to be skipped accordingly. This

applies to other tables, too.

Figure 3. Mean vaues of the overall error rates trend of electronics data capture tool (EDC) using tablet and paper and pen data capture (PPDC) tools
used during the survey in the demographic survey site in 2016, Dabat, northwest Ethiopia.
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Table 2. Error by item type and the tools used during a survey in ademographic survey sitein 2016, in Dabat, northwest Ethiopia.

Item types Paper Electronics
Total asked items Number of errors Total asked items Number of errors
(N=110,691), n (n=1850), n (%) (N=110,415), n (n=671), n (%)
Single select 46,660 466 (0.99) 46,427 145 (0.31)
Single select tabular 19,062 84 (0.44) 19,062 42(0.22)
Multiple selects 24,303 877 (3.60) 24,302 226 (0.92)
Numbers and dates 18,022 343 (1.90) 17,980 202 (1.12)
Free text 2644 80 (3.02) 2644 56 (2.11)

Freguency of Errors per Item Type

Nearly half (47.4%) of the errors in PPDC were found in
questions which had multiple option answers followed by
guestions with single choice answers (25.2%). At EDC,
two-thirds of the errorswere shared by multiple options, number
and date type question with rates of 33.6% and 30.1%,
respectively.
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In the paper questionnaire, questions that had multiple answer
options had arelatively higher rate of errors (3.65%), followed
by freetext and the number and date answerswith 3% and 1.9%,
respectively. In EDC, questions with free-text options had a
relatively higher error rate with 2.1%, followed by numbersand
date options answers (Table 2).
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Regression Results

In each estimated model, we found that the chance for a higher
number of errors in the paper version (in comparison with the
tablet version) increases with the length of the overall
guestionnaire. For each additional questionintheinterview, the
chances of more errors by using the paper tool were multiplied
by 1.015. We have obtained similar findings for the different
subsets of the questionnaire, where we found an increasein the
chances of additional errors in the paper version in each type
of the questions. The increase is minimal for single-item
guestions. The increase is strongest in the time and date
guestions, with an odds ratio of 1.084 per additional question.
None of the 95% Clsinclude an estimate of 0 and an odds ratio
of 1, respectively (Table 3). Hence, we can seethat each variable
measuring a number of items has a significant effect on the
comparative error rate.

System Usability Scale Test

The usability of the system among the data collectors was
measured based on SUS. The global scores can range between
0and 100, with 100 reflecting the highest usability. Theanalysis
yielded individual SUS scores between 67.5 and 100, and atotal
average score of 85.6. The graph for each SUS question depicted
that majority of the data collectors’ responses categorized from
“agree” to “strongly agree” for positively articulated questions.
Similarly, “strongly disagree” to “disagree” for the negatively
articulated questions (Figures 4 and 5).

Linked Qualitative I nterview Themes With the
International Organization for Standardization
9241—110 Dialogue Principles

As described in the Methods section, the qualitative interview
responses of the system users perception were transcribed,
thematized, and linked to one of the 6 1SO 9241-110 dialogue
principles (suitability for the task, suitability of learning,
controllability, self-descriptiveness, conformity with user
expectation, and error tolerance). Usersreported their perception
by comparing the advantage of the EDC tool with respect to
the disadvantage of paper-based questionnaire and vice versa.

According to the users' perception, EDC tools increased the
efficiency of the data collection process through faster data
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collection time, the possibility of instant data submission to the
research center server, and real-time work progress. Users also
perceived that EDC reduces potential data quality errors with
its automatic data validity checks and skip errors rules.
Furthermore, the EDC device was portable, lighter, and less
bulky than paper questionnaires; users claim that exposure to
EDC technology improved the skills of data collectors for
information technology use in the survey. On the other hand,
users also perceived the following about paper questionnaire:
(2) they are proneto readability errors during correction/editing
of respondent answers, (2) they can become out of stock while
in the remote survey area, (3) paper isheavy and easily wasted
during improper handling or storage, and (4) they can incur
higher duplication and operational costsfor larger surveys. The
perceived benefits of EDC combined with limitations of paper
guestionnaire wasinterpreted as—EDC had good suitability of
task, ET, controllability, and suitability of learning for the above
listed tasks.

Users also perceived that EDC possesses a high risk of losing
data because of intentional and unintentional technical mistakes
from the user or device failures. The fact that EDC needed
sustainable electricity and internet infrastructures for charging
the tablet computers and for facilitating instant data transfers
was also considered as atreat to work in underserved deep rural
towns. The data collectors raised a concern that the deep rural
towns usually have neither of them. However, users familiarity
with the paper questionnaire, easiness of paper to correct
guestionnaire related mistakes, lesser risk of losing data for
technical reasons, and | ess dependency on electricity or internet
infrastructures for daily operations were referred to as the
advantages of the PPDC tool. Thus, the disadvantages of EDC
coupled with perceived benefits of PPDC characterize EDC to
be less conformable with user expectation, controllability, ET,
and suitability for the above tasks.

The views of the interviewee were also further mapped based
on aspects explored during the interview, which include,
efficiency/speed, data recording and entry processes, data
management/operation, logistics and operation, concern,
learning, infrastructure, reported and solved challenges,
satisfaction, and confidence and future improvement (Table 4).

Table 3. Mixed model effect, ordinal logistic regression for the data collected by electronic data capture (EDC) and paper and pen data capture (PPDC)
tools used during a survey in the demographic survey site in 2016, in Dabat, northwest Ethiopia.

Covariate Regression coefficient b_1 Exponential (b_1) multiplicative changein chances SD (95% Cl)

Total number of items 0.015 1.015 0.0035 (0.008-0.021)
Number of single items 0.029 1.030 0.0074 (0.014-0.044)
Number of multiple items 0.042 1.043 0.0094 (0.024-0.060)
Number of single table items 0.023 1.023 0.011 (0.001-0.045)
Number of time and date items 0.081 1.084 0.017 (0.048-0.114)
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Figure 4. Usahility response for negatively articulated questionsin the System Usability Scale (SUS) used during a survey in the demographic survey
sitein 2016, Dabat, northwest Ethiopia

4. | think that | would need the support of a technical person
to be able to use this platform.

50% 50% 0% 0% 0% 33.33% 41.67% 25% 0% 0%

2. | think the system is unnecessarily complex.

1 2 3 4 5 1 2 3 4 5
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6. | thought there was too much inconsistency in this platform. 8. | found the platform very cumbersome to use.
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10. | needed to learn a lot of things before | could get going with this platform.
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Y,
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Figure5. Usahility questionnaire responsefor positively articulated questionsin the System Usability Scale (SUS) used during asurvey in ademographic
survey sitein 2016, Dabat, northwest Ethiopia.

. [ .
1. | think that | would like to use this system frequently. 3. I'thought the platform was easy to use
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5. | found the various functions in this platform were well integrated. 7. | would imagine that most people would learn to use this platform very quickly.
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Table4. Datarecorders’ perceptions and itsisometric dialogue mapping for data capture tool s used during ademographic survey sitein 2016, in Dabat,
northwest Ethiopia.

Aspect explored and data collectors’ or users’ perceptions EDC?dialogue
mapping (+/-)°

Efficiency or speed

Paper questionnaire takes less time than the electronic questionnaire, more data can be collected in lesstime, asitismore  grc_
familiar and easier to write on.

If the device isfree of interna software or hardware errors, working with tablet computer is relatively faster than paper, and ST+
this can save overall working time.

Data recording and entry processes

In the paper questionnaire, deletion or editing respondent response while editing written mistakes or incorrect responsecan 194 and ST+
cause readability errors. In tablet computers, we can easily delete or edit responses without causing readability errors.

With the paper questionnaire, we may forget the skip question pattern and ask the follow-up questions, but inthe caseof using € oy sp<f+
tablet device, thereis an automatic skip pattern function to lead the questioning order

In EDC, the data can reach the concerned bodies faster by jumping the double data entry clerk and other data management ~ ST+
processes compared with the paper-based system.

Data collected with EDC has fewer errors than paper questionnaires as the electronic form has an error controlling validity —ET+
mechanism.

Mistakes in questionnaire items were possible to erase or correct in EDC form, whereasin paper form, itispossibleto edit C- or ST+/-
or erase theitems manually.

A simple technical error in the table computer can affect the whole work. For example; in the case of unknown or uninten- C-and ET-
tional error in the device, thereisarisk of losing the whole data, and reinterviewing the respondent is a must.

Writing on tablet virtual keyboard, moving the cursor, and editing text fields were a challenge and took alonger time. On C-and ST-
paper questionnaire, the interviewer can easily write or circle the chosen item and pass to the next question.

ODK?Y collect app menus, such as get a blank form, fill the blank form, edit saved form, and send finalized form, that were ~ ST+ and SL+
easily understandable.

Data management or operation

Well-documented paper questionnaires or files can stay longer and are not proneto file corruption or deletion errorsasinthe  ST—and ET
case of electronic data collection system.

In the paper form, if mistakes were found a while after completing the interview, it can be corrected before submittingthe ~ ST+
questionnaire to the supervisor; however, in EDC, we do not have a chance to correct later as the data are sent instantly to
the server while we arein the study field.

Thereisahigh possibility of datalossin paper questionnaires because sheets of paper suffer from wear and tear during transit ST+
and storage.

Actual work progress of the data collectors was better monitored with daily and instant submission of the completed question- ST+
naire through EDC.

L ogistics and operation

The paper questionnaire runs out while we are in the field and sometimesiit takes longer to reach, which is not the casein ST+
EDC.

The tablet computer is small and easy to handle, whereas the paper questionnaire pack was heavy and bulky. Carrying paper ST+
packs house to house for longer distance was difficult and had physical stress.

Security concern: Data collectors feel insecure to work in rural areas aone with this expensive device. Furthermore, the device ~ ST-
or the data recorders might be forcefully stolen or may be attacked in case of theft attempt.

Learning opportunity: Data collector’s skill of tablet computer utilization wasincreasing day to day asfamiliarity withthesystem g h,
was growing.

Infrastructure

The battery capacity lasts a maximum of aone and a half days; during the study period, overnight charging of the tablet ST+
computer in or around the research town was possible.

Data collectors appreciated the role of paper-based system when their work was interrupted because their tablet battery was ET-
low or switched off or when the mobile data connection was interrupted.

Internet collection was adequate to send the data once a day during the study period. ST+
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Aspect explored and data collectors' or users’ perceptions EDC? dialogue
mapping (+/-)"

Sometimesin deep rural areas, electricity may not be available to charge the battery or adequate enough for theinternet network  ST—
coverage to be available.

Reported and solved challenges
Downloading a new form at the beginning of the study or during form updating was challenging. SDSand C-
Deleting partialy filled data was challenging. C-
Some questionsin EDC form were refusing to accept the decimal number during data collection in the first 2 days. CUE-
Unintentional and accidental touching of some settingsin the table computer changed the screen resolution settings, the date  C-
and time, and interrupted communication with the server.
Mobileinternet data bal ance was exhausted while the data collectors were in the remote areawhere charging the balancewas  ST-
not possible.

Satisfaction and confidence: The data collectors have better satisfaction with EDC and have confidence to work using thisdevice ST+

in future surveys.

Futureimprovement
The questionnaire details such as point, number, and legal value, should be well refined in EDC before implementation. CUE-
Asfrequent phone consultation for technical help may not be possiblein case of network problems, strong training isneeded CUE-UE

to troubleshoot simple errors by EDC users without technical team consultation.

3EDC: electronic data capture.
by corresponds to more and - corresponds to less.
CST: suitability of task.

4ET: error tolerance.

€C: controllability.

fsps: sel f-descriptiveness.

90DK: open datakit.

hsL: suitability for learning.

ICUE: conformity with user expectation.

Unexpected Observations

Most of the household face-to-face interviews went smoothly
except for afew incidences such asloss of internet connectivity,
unexpected el ectric power interruption in the area, and software
bugs. Recording geographic coordinates were part of the EDC
guestionnaire and was a required input. Detecting the global
positioning system (GPS) signals was sometimes a challenge
for our 3 survey sites. This required option had created a
substantial delay in the data collection process for 3 groups, as
further questions could not be asked without detecting the GPS
signals. As a quick solution, we removed the required option
from the app to resume data collection processes.

Discussion

Answer to the Study Questions

This study aimed to evaluate and compare the magnitude of
data quality errorsin the data collected with paper and pen as
well as EDC technologies. In addition, the usability of thetablet
computer to capture survey respondent datawas analyzed from
the perspective of data collectors. The answer for these study
guestions are arranged in magnitude of errors, learning effect,
guantitative SUS eval uation, and isometric qualitative evaluation
for system usability.

http://mhealth.jmir.org/2019/2/€10995/

Magnitude of Data Quality Errors

In DHS, data collection systems are expected to be sustainable,
easy to use, provide timely data, be reliable, and maintain data
quality. Our evaluation study demonstrated that a smart device
data collection system using the ODK platform outperformed
pen-and-paper systems across each data quality parameter for
DHS in Ethiopia. Data collected using tablet computers were
morelikely to have fewer errors compared with the conventional
paper questionnaire. Nearly half of the PPDC and one-third of
EDC questionnaires exhibited one or more errors in the
respondent answers.

The data collection mode features can affect response quality.
Face-to-face or personal-visit surveys have a high degree of
interaction with the respondent irrespective of the technology
use. Interviewers can al so support in clarification, probing, and
encourage the respondents to provide complete and accurate
responses [33]. The conceptual reasons why errors might be
less likely to occur when using technology, particularly when
human-technology interaction is inevitable, need further
explanation. Data quality in general possesses completeness,
plausibility, and validity dimensions. Addition of technological
support for face-to-face interview mode targeted on the
improvement of the completeness and plausibility data quality
dimensions. EDC timely avoids completeness and plausibility
errors through automated routing in complex questionnaires
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and detecting errors using range and consistency checks and
warning interviewers of invalid entries. Though improving
completeness and plausibility contribute to validity dimension,
further research is needed to assess the validity dimension. In
addition to improving the design of the instrument with
principles of human-computer interaction and user-centered
design, appropriate training on error recovery procedures to
avoid potentially deleterious consequences (eg, accidental
deletion of files) isimportant [33,34].

It is a very challenging task to find a theoretical base for the
superiority of technological support. We can think of the Charles
Friedman’s fundamental theorem for biomedical informatics.
It states that “a person working in partnership with an
information resource is ‘better’ than that same person
unassisted.” The literal trandation to us is “a field-based
interviewer who use electronics data collection system for the
survey will make fewer data quality errors than the interview
administrator without the electronic system.” Though full
consensus has not been reached on interpreting the theorem,
Friedman’s theorem is the most arguable applied theorem in
the informatics community [35].

Computing error rate, which considers the total number of
guestions, isimportant in case of bulky questionnaires such as
ours. For example, the error ratesfor PPDC and EDC toolswere
1.67% and 0.6%, respectively. This shows that most of the
submitted questionnairesin both tools had very few error counts
compared with the total number of asked items in a
guestionnaire. The majority, that is, 85% of EDC and 55% of
PPDC had less than 3 errors from 38 questions in the average
guestionnaire.

The low rate might be from 2 possible speculated effects; the
first is “being observed or supervised effect on the data
collectors and the second might be “inter-tool/interaction among
the data collectors. The data collectors feel that their
performance can be watched indirectly and making mistakes
can have an unintended consequence in their job. Extra care
might have been taken by the data collectors to avoid potential
mistakes while working. The intertool interaction between the
paired data collectors might affect the performance of one of
the data collector over the other pair. Though we have strictly
instructed the interviewers to avoid any side communication
during the interview, they might communicate indirectly in the
sense of helping each other during technical challenges. This
unwanted communication might neutralize the data quality of
impact of a tool over the other. Further analysis of paired
datasets in the same team supported this claim, where 3 of the
6 paired groups have similar magnitudes of errors between the
paired individuals. The effects were unavoi dable because of our
study design nature where the paired data collectors must
conduct the interview.

Missing and inaccuracy errors were analyzed separately, and
the percentagesindicate both types of errorswere more prevalent
in the paper-based system. Missing errors are more preval ent
than inaccuracy errorsin both tools. However, inaccuracy errors
in electronic-based data are quite low, 10.5% (71/671),
compared with apaper questionnaire, 81.37% (830/1020). This
might be because electronic form had partial programmed
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checking mechanisms such as skip pattern. On the other hand,
from the total errors count (671) observed in electronic data,
600 (89.5%) errorswere because of missing items. Thisaccounts
for 37% of the total errorsin both tools. Considering previous
experience and the nature of electronic device for minimal
tolerance of missing values, the magnitude seems quite high.
Thisisexpected because of the study design nature. In aresearch
design such as ours where 2 data collectors sit next to each
other, they start and finish the study at approximately the same
time, implementing all possible validation rulesand complicate
the study design. For example, in case the person with the tabl et
is leading the interview and the person with the paper follows
or vice versa, one of them does not have to wait for the other
for any mismatch reasons. Implementing strict validation rules
will createinterdependency or confusion among them. Thishas
been observed in our pretest phase, and hence, we have
deliberately omitted some of the validation rulesfrom the EDC.

The possession of more errors in paper compared with EDC
were also supported by our qualitative interview data. The
majority of the data collectors perceived EDC had minimized
the potential errors through inbuilt error controlling validity
tool and systematic routing with skip logic.

Learning Effect

A learning curve usualy describes technological progress
(measured generally in terms of decreasing error rate for EDC)
as afunction of accumulating experience with EDC over time.
It assumes that a technology’s performance improves with
experience when the technology accumulates. In this study, a
single data collector had a cumulative 2 weeks exposure in the
4-week study period. In this short time exposure, performing
early assessment is open to criticism as the users are not fully
proficient. Late assessment runstherisk that the data collectors
will draw their own conclusions about the pros and cons of the
new technology. In our case, both the statistical tests and
graphicdl illustrations did not depict any meaningful time pattern
on the error rate through the study period. This might be because
the interviewers were exposed equally to each tool at random
order to avoid any unnecessary learning effect on the quality of
the data, which can be sourced from uneven prolonged exposure
of the user to one of thetools.

System Usability Scale and | sometric Usability

SUS scores and impression of the data collectors from the
interview showed high usability and satisfaction in using EDC
for data collection with ausability score of 85.4. Datacollectors
stated that the system is easy to carry, they were ableto directly
submit the data to the server, and let them be familiar with the
information technol ogy; this encourages the implementation of
such systemsin resource-limiting settings.

Analysis of the qualitative interview based on the isometric
diaog principlesfor usability identified perceived strengths and
areas of improvements to implement the electronic data
collection system. For example, the system had better ET
because of its error controlling mechanism and less ET for its
high risk to lose the data.

The qualitative responses were triangulated with isometric
dialogue principles. The conceptual focus of these dialoguesis
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basi cally about the hardware and software capability system for
the given task. However, we tried to force some of the dialogue
principles to accommodate environmental and socia contexts
that are of particular importance to the research sites settings.
For example, responses such as, “we had a constant supply of
electricity and internet,” “I work relatively faster when | use a
tablet computer,” and “When | use a tablet, | will not worry
about finishing the questionnaire” were categorized under
suitability for task dialogue principle. The responses are neither
software interface issues nor hardware issues, rather, they are
social, economic, and infrastructural setting context to facilitate
the data collectors' tasks. This may imply that there could be
room to extend the dialogue principles on the importance of
local context issues where the system evaluation takes place.
Though mapping the qualitative interview cannot explicitly
show all the dialogue principles into the level of equal share,
relevant information can be drawn even with itslimitations. For
the future, a qualitative research design where the interview
guestions intended to include all the 6 dialogue principles can
yield a better understanding of the system usahility.

Tablet computers are valuableitemsin resource-limited settings;
thus, the device can be stolen or data collectors may betargeted
when conducting household surveys in insecure areas. The
potential incidence of theft and subsequent physical attacks or
fear of losing the device were frequently mentioned concerns
by the data collectors. Similar concerns were raised by other
researchersin South Africa; such types of insecure feelings may
create unintended resistance from the field interviewer. If the
system planned for scaled-up implementation in the routine
work, addressing their concern is an important step for
successful integration of the system in the area.

Strengths and Weaknesses of the Study

This study adopted an existing open source platform to develop
the electronic questionnaire and data submission and storage
configuration. This showed we could easily adopt the available
resources and save the human and material resourcesto develop
the new system from scratch.

The research design in this study is a crossover, randomized
trial, which helps to eliminate unnecessary learning trends and
shows the real effect of the devices accordingly.

The other possible strength of this study is the fact that the
survey showed the usability of the system using the quantitative
(SUS) and the qualitative interview supported by isometric
dialogues principles.

Pairing data collectors for a single interview may affect the
interdata collectors’ performance or tools may affect each other,
hence lowering the magnitude of actual errors. Due to the
inability to implement all the functions of the electronic error
controlling mechanism, such as required items for all, value
range determination in EDC might have contributed to some
preventable errors that existed in EDC.

Though interviewer effects appear not to affect most survey
items, literatures showed that interviewer characteristics effects
such asrace, ethnicity, and gender can nonetheless occur in all
interviewer-administered survey modes and can affect survey
findings. If these effects are replicated because of use of small
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number of interviews, it might result in a bias. For our study,
data collectors were randomly exposed to either an electronic
device or a paper questionnaire. Though the existence of bias
is unavoidable, we believe the effect is similar in both tools
[36].

Resultsin Relation to Other Studies

The overadl error rate in this study, 1.67% for PPDC tool and
0.6% for EDC is comparable with a study in Kenya that had
1% and 0.1% missing ratein paper and el ectronics, respectively
[11]. In addition, astudy with asimilar designin Indiarevealed
2% PPDC and 1.99% EDC error rates [29]. However, this
magnitude is lower compared with other similar studies (7%
and 1%, with no omission in EDC) [9], 3.6% PPDC and 5.2%
in EDC [37]. The difference might be an item selection
mechanism: the above studies calculated their error rate from
selected items in a given questionnaire, whereas this study
considered all itemsin the questionnaire, whichishighly likely
to inflate nonerror denominators for such types of typical huge
number of asked items (over 220,000). Furthermore, random
assignation of data captures tools for data collectors, whereas
the studies compare data collected from 2 different points in
time by various data collectors and nonrandomized methods.
Nonrandomized studies might possessinflated error influenced
by nonhomogeneous factors distributions among data collectors
and other characteristics of the study.

Many EDC studies that use the maximum potentia of error
control mechanisms such asrequired itemsfor all, logical skip,
or logical input values in EDC, reported O to less than 1% of
missing responses [14,38]. In our study, because of the design
nature mentioned earlier, we could not fully implement al the
error-controlling mechanisms in EDC. Under possible
circumstances, implementing the maximum potential of the
error preventing mechanism in the software is mandatory.

Our study and other related findings revealed there is a
statistically significant difference in the chance of having more
errors in paper-based records than in electronic data records
[7,9,11]. However, an equivalent research report from rural
India claims that there was no statistical difference in error
magnitude between the 2 tools, where EDC is as accurate as
PPDC [29]. In our study, the chance of having more errors
increased asthe number of questions asked increased. Our study
was unique in depicting this finding, because of the nature of
the survey. In this survey, al the household respondents were
not necessarily given the same type of questionnaires and
number of questions. The number of questions and the type of
the questionnaire depends on the type of public health cases
that existed in the household members interviewed by the data
collectors. The implication might be the length of the
guestionnaire, and this might be an important factor to be
considered in the decision of choosing the type of data capture
tools during design. Bulky questionnaires might be more suitable
for electronic records than a paper-based system.

The SUS scorevalue 85.4 and the qualitative interview isometric
dialogue mapping shows the system users, in our case data
collectors, use the system comfortably. These findings were
shared by other EDC users impressions in related researchers
[11,26,29,37,38]. At ask-technology fit study claimsthat users
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understand their system astools helping or hindering them from
performing their tasks. Usersreact positively to system features
that appreciate their mission-related demands [39].

Meaning and Gener alizability of the Study

Our study findings arein line with similar studies that used the
ODK app platform to develop the electronic form and the data
management settings and implemented in rural and urban
community household surveys, though thereisamethodological
difference. The quantitative and qualitative analysis depicted
that EDC is a usable and preferable data capture tool for the
field-based survey.

We believe the study might be generalized to rural community
setting research sites, with limited internet and el ectricity access.

Unanswered and New Questions

Working in a pair might put an “intersupervisor effect on the
data collector’s performance. In afurther study, we can assign
adata collector independently to work with EDC and avoid the
intersupervisor effect. Moreover, measuring the learning effect
of the technology after longer exposure with the system and
using appropriate statistical techniques might give a different
result.

Zelekeet a

Moreover, research considering organizational readiness
evaluation, working culture ateration, and its outcome
measurement in using this system in resource-limited settings
are tasks on the table. Further research is also necessary to
validate qualitative-based isometric usability questions in
different linguistic and communication culture settings.

Conclusions

The objectivist approaches of this study conclude that data
collected by using an electronic-based data collection system
had a significantly better quality compared with a paper-pen
data collection system explained by fewer errors.
Implementation of electronic data collection tools such as the
onestested in this comparative trial were found to be usable by
data collectors in the rura resource-limited settings.
Implementation of afull error-controlling function exhaustively,
setting a standby technical and monitoring team, and assuring
security concerns on the device will contribute to better
implementation of the electronic data collection system in the
resource limited-settings. Stakeholders of the health information
system particularly in a demographic and surveillance site can
adapt and use the existing open source mobile device platforms
in their routine data collection and management practices.
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Abstract

Background: Morethan 3.5 million Americanslive with autism spectrum disorder (ASD). Mgjor challenges persist in diagnosing
ASD asno medical test existsto diagnose this disorder. Digital phenotyping holds promise to guide in the clinical diagnoses and
screening of ASD.

Objective: Thisstudy aimsto explorethe feasibility of using the Web-based social media platform Twitter to detect psychol ogical
and behavioral characteristics of self-identified persons with ASD.

Methods: Datafrom Twitter were retrieved from 152 self-identified users with ASD and 182 randomly selected control users
from March 22, 2012 to July 20, 2017. We conducted a between-group comparative textual analysis of tweets about repetitive
and obsessive-compul sive behavioral characteristicstypically associated with ASD. In addition, common emotional characteristics
of personswith ASD, such asfear, paranoia, and anxiety, were examined between groups through textual analysis. Furthermore,
we compared the timing of tweets between users with ASD and control users to identify patterns in communication.

Results: Userswith ASD posted a significantly higher frequency of tweets related to the specific repetitive behavior of counting
compared with control users (P<.001). The textua analysis of obsessive-compulsive behavioral characteristics, such as fixate,
excessive, and concern, were significantly higher among users with ASD compared with the control group (P<.001). In addition,
emotional termsrelated to fear, paranoia, and anxiety were tweeted at asignificantly higher rate among userswith ASD compared
with control users (P<.001). Userswith ASD posted asmaller proportion of tweets during timeintervals of 00:00-05:59 (P<.001),
06:00-11:59 (P<.001), and 18:00-23.59 (P<.001), aswell asagreater proportion of tweetsfrom 12:00to 17:59 (P<.001) compared
with control users.

Conclusions: Socia media may be a valuable resource for observing unique psychological characteristics of self-identified
personswith ASD. Collecting and analyzing datafrom these digital platforms may afford opportunitiesto identify the characteristics
of ASD and assist in the diagnosis or verification of ASD. This study highlights the feasibility of leveraging digital data for
gaining new insights into various health conditions.

(JMIR Mhealth Uhealth 2019;7(2):€12264) doi:10.2196/12264
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Introduction

Autism spectrum disorder (ASD) is a group of developmental
disordersthat affect >3.5 million Americans[1]. Theincreasing
prevalence of ASD requires greater investigation and methods
to diagnose this disorder [2-5]. Diagnosing ASD is difficult, as
thereisno medical test to diagnoseit [6]. Inadequate screening
practices [7] and ageneral lack of awareness of symptoms can
lead to delays or misdiagnoses [8]. Symptoms of ASD can
sometimes remai n unnoticed in childhood as social and language
impairments can be subtle and difficult to detect [9].

The Diagnostic and Statistical Manual of Mental Disorders
(DSM-5), awidely used classification system, describes ASD
as a disorder characterized by marked impairments in social
interaction and communication accompanied by a pattern of
restricted, repetitive behaviors and activities [10]. However,
many of these behaviors may be mistaken for other disorders.
For instance, anxiety symptoms may be present in response to
social impairments and, as a result, may be considered social
anxiety without recognizing the underlying behaviors or the
presence of ASD [9]. Reportedly, anxiety is a source and
consequence of ASD behaviors and may be a signal to aid in
diagnoses[9,11]. In addition, research shows that personswith
ASD exhibit higher states of fear and phobia compared with
matched patients without ASD [12]. The presence and
identification of these symptoms may be markers for persons
with ASD coping with judgment faced by social situations
[9,13].

Furthermore, common repetitive behaviors observed among
persons with ASD may be confused with similarities of having
obsessive-compulsive disorder (OCD) [7]. Time-consuming
obsessionsand compulsionsfrequently characterize OCD-related
behaviors, however, patients with ASD can display repetitive
behavior, such as repetitive checking, washing, and counting,
which may appear to be compulsive obsessions[14]. Research
has found that patients with ASD have significantly fewer
compulsions than persons with OCD [15]. Other studies have
shown that behaviors like counting, checking, cleaning, and
ordering were also displayed less frequently in patients with
ASD compared with OCD individuals[16].

Appropriate and timely diagnosisof ASD ishecessary to provide
proper treatment and symptom management. Numerous
diagnostic tools exist today, yet many of these tools face
limitations and serve dightly different purposes [17,18]. For
example, the Autism Diagnostic Observation Schedule-Generic
(ADOS-G) isawidely used diagnostic tool that allows for the
inclusion of direct observational data that, for example, the
Autism Diagnostic Interview-Revised (ADI-R) lacks [19,20].
However, the ADOS-G often tendsto result in the overdiagnosis
of ASD [17]. Observational methods and parental interviews
have been deemed as helpful to further identify behaviors of
ASD, yet these symptoms may often go unnoticed [21,22].
Although multidisciplinary approaches have been considered
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most effective at producing an accurate diagnosis, these require
asignificant amount of time, resources, and information, which
is not always available [21,23].

Moreover, the use of multidisciplinary approaches extends to
different domains, aswell asnovel sources of information [24].
Recently, exploring digital data has emerged as a promising
method for examining human behavior and identifying
symptoms of various mental and behavioral conditions[25-27].
Dubbed as the “digital phenotype,” the collection of datafrom
social media, Web-based searches, and use of smartphones and
other digital devices can serve as a source of observational
information that can yield insights into the lived experiences
and everyday redlities of persons living with various health
conditions[27]. Thesedigital information sources can be further
harnessed to potentially detect symptomatic signals to aid in
identifying and diagnosing ASD.

Twitter has emerged as a potentialy vauable platform for
examining a wide variety of behavioral and mental health
conditions [25-26,28]. Exploring textua differences in
Web-based communication on Twitter is a commonly used
method of analyzing affective states and behavioral patterns
[29,30]. Previous studies have documented that Web-based data
may capture real-time projections of emotional statesand health
behaviors [26,31]. For example, drawing from anayses of
conversations on Twitter, it may be possibleto identify the onset
of depressive symptoms and detect mood and affective states
[32,33]. Given this promising evidence base, there may be
opportunities to leverage data from Twitter for identifying the
characteristics of ASD.

To date, few studies have used social mediafor studying ASD,
though it may be possible to leverage these popular platforms
and novel sources of Web-based data to contribute to a more
in-depth understanding of these disorders. A prior study
extracted data from Twitter to examine conversations about
ASD-related information, thereby demonstrating that thisis a
topic of frequent discussion on this platform [28]. It may be
especially important to consider the use of social media for
studying ASD given that arecent report highlighted that roughly
80% of adults living with ASD use popular social media
platforms [34]. In this study, our overarching objective is to
expand on this prior work and further our understanding about
whether publicly available social media data captured from
Twitter can yield insightsinto the presence of digital diagnostic
signals for ASD [27,35,36]. In addition, we aim to determine
the feasibility of informing a digital phenotype for ASD using
social media.

Twitter is a social networking service through which users can
post tweets that can contain up to 140 characters (increased to
280 charactersin November 2017). Twitter isaprominent social
medium, as evidenced by its>336 million monthly active users
[37]. Twitter isasource of observational datathat canyieldrich
data, including real-time thoughts, feelings, and attitudes, which
traditional surveys are typicaly unable to capture. Therefore,
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thisstudy aimsto comparethetextual patterns of communication
of Twitter users who self-identify as having ASD to a general
population of control usersto identify textual signalsrelated to
fear, anxiety, and paranoia, which have often been recognized
as a response to symptoms of ASD among individuals living
with the disorder [12]. Investigating discussion surrounding
these emotions for Twitter users with ASD can potentially
enable the detection of Web-based emotional signals that can
provide more information to better inform diagnoses of ASD.
In addition, this study aimsto explore common OCD behaviors
using the Yale-Brown Obsessive-Compulsive Scale (Y-BOCYS)
to understand whether these symptoms are present among
Twitter users with ASD and whether the presence or absence
of digital obsessive-compulsive symptoms could assist in
reducing misdiagnoses of ASD. Finally, we investigated the
timing of social media communications to explore differences
in patterns of social communication between Twitter userswith
ASD and control users. Information collected from Twitter as
anovel digital data source could potentially guide and assist in
the clinical diagnoses and treatment of ASD.

Methods

Data Collection

In this study, we retrieved data from the Twitter application
programming interface and collected meta-data such as Twitter
users' total number of tweets, number of followers, number of
friends, and favorites. We collected data from Twitter between
March 22, 2012 and July 20, 2017. The trajectories of ASD
symptoms are not stable and can fluctuate over the course of a
few months or even years, especially during developmental
periods. A 5-year period was selected to ensure that symptoms
would be detected even with fluctuations to capture these
detectable differences between the 2 groups. This study was
considered exempt from ethical review because only publicly
available Web-based data collected from the Twitter platform
were analyzed. We acknowledge the ethics of drawing in data
from users who self-identify as ASD. To ensure the privacy of
data from this group, data collected were aggregated and
analyzed at the population level and were anonymous in this
format. Furthermore, this study only used data from users who
consented on Twitter to disclose their data publicly (ie, no
privacy settings were selected by users) and are completely
public.

Twitter Users

We identified the cohort of Twitter users with ASD by
self-identification and explicit Twitter discussion of having
ASD. If users described or labeled themselves as autistic or
having ASD, then they were determined to be Twitter users
with ASD. We searched for terms relating to ASD in users
tweets, and users were considered Twitter users with ASD if
they tweeted or wrote a caption about their condition or
diagnosis of ASD. We used a previoudly validated approach to
recruit participants with behavioral disorders by Hswen et al
[25]. We retrieved tweets that contained one or more keywords
associated with ASD; these keywords were searched for in the
content of users' tweetsand information in their Twitter profile.
The keyword list is as follows: autism, autistic, Spectrum
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Disorders, #ASD, #ActualyAutistic, #AutismSpeaks,
#AutismSpeaks10, #AutismParent, #Autchat,
#AutismAwareness, #L1UB, aspergers, and aspies. To validate
if users did have ASD, 2 independent researchers coded users
if they had ASD or not and an agreement from 2 researchers
was necessary for auser to be labeled as a person with ASD. If
adisagreement occurred, athird researcher was used to tie break
the labeling of the user. To the best of our knowledge, thisis
the first study to identify ASD users through Twitter, and it is
an exploratory study for the identification and labeling of ASD
users by machine learning classification and manual curation.
A random sample was selected that did not have a self-identified
user caption or tweet mentioning ASD and served asthe control
group. Originally, 220 users with ASD and 220 control users
were selected. After filtering out bots and spam accounts and
inaccessible accounts (ie, accounts that were private, deleted,
deactivated, or banned), we enrolled 152 users with ASD and
182 control usersfor analysis.

Textual Analysis of Tweets Related to Fear, Anxiety,
and Paranoia

We examined the tweetsrelated to the emotions of fear, anxiety,
and paranoia through textual analysis. These emotions were
selected on the basis of previous research studies that have
identified these emotions as key differentiating emotions of
personswith ASD compared with matched popul ations without
an ASD diagnosis[12]. Weaimed to collect all discussion about
these 3 emotional states. The root keyword of the emotion was
expanded to al tenses and pluralities to capture the breath of
tweets related to that emotion (Table 1). Manual selection of
these terms was used to ensure that users were explicitly
referring to the emotion in their conversations, a procedure we
have applied in prior studies[25]. In addition, theterms*“ scare”
and “scared” were used in the category of fear as a qualitative
exploration of discussions around fear to expressfearful states.
Tweets from users with ASD and control users were queried
for all tweets that contained keywords for each category. The
number of tweets that contained each keyword was summed to
create the total number of tweets for each emotion category. A
tweet that contained instances of multiple words, such as
“anxious’ or “anxiety,” was counted as 1 tweet. Overlapping
keyword categories, such as a tweet that contained “anxious”
and “fear,” were counted as 1 tweet per category.

Tweets Containing Obsessive-Compulsive
Disorder—Related Keywords

To examine the presence of OCD-related tweets, we compiled
alist of key termsfrom symptom categorieswithin the Y-BOCS.
First developed by Goodman et al, this widely used checklist
comprehensively covers significant OCD-related behaviors
[38]. From the Y-BOCS, 13 categories were selected on the
basis of previousresearch that identified these specific behaviors
to be confused with symptoms of OCD and can be mislabeled
asan OCD diagnosis[14-16]. These OCD symptom categories
included the following: obsess; fixate; repeat; routine; freak;
clean; check; count; hoard; wash; worry; excess; and concern.
Stem words were expanded with the same methodology as
applied for emotion keywordsto conduct textual analysis(Table
2). For each category, the number of tweets containing these

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 2 [e12264 | p.156
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

terms was collected and summed to generate the total number

Table 1. All termsrelated to fear, anxiety, and paranoia

Hswen et al

of tweets per OCD category.

Root keyword All forms of keyword

fear fear, feared, fearful, fearing, fears, scare, and scared
anxiety anxieties, anxiety, anxious, and anxiousness
paranoia paranoia, paranoiac, paranoiacs, and paranoid

Table 2. All termsrelated to obsessive-compulsive disorder—elated keywords.

Root keyword All forms of keyword

obsess obsessed, obsessing, obsession, obsessions, obsessive, obsessively
fixate fixated, fixation, fixations

repeat repest, repeated, repeatedly, repeating, repeats, repetition, repetitions
routine routinely, routines

freak freaked, freaking, freakout, freakouts

clean cleaned, cleaning

check checking, checked, checks, recheck, rechecks, rechecked, rechecking
count counted, counting, counts, recount, recounted, recounting, recounts
hoard hoarded, hoarder, hoarders, hoards

wash washed, washing, washes

worry worried, worrying

excess excessive, excessively, excessiveness

concern concerned, concerning, concern

Mean of Proportionsfor Each Category

As a method to standardize the variation of the frequency of
tweets for each user, a “mean of proportions’ was calculated
for each category. This measure considers the mean number of
tweets by category and the proportion of usersthat tweeted the
keywords in each category for emotions and OCD terms. For
each user, the total number of tweets for each category was
divided by the users' total number of tweets during the full study
period between March 22, 2012 and July 20, 2017 (atotal of
1946 days). Thismeasure aimed to control the volume of tweets
by usersto ensure that the mean number of tweets by category
was not skewed by individual users frequency of tweets. The
mean of each proportion for users with ASD and the control
user group was cal culated by dividing the proportion of tweets
by category over the number of users within each group. Of
note, we used these means of proportions values solely for
comparison between the ASD user group and the control user
group; we do not know or study the clinical significance of the
values.

Timing of Tweets

To examine differences in social communication patterns
between users with ASD and control users, we analyzed the
timing of tweets between the 2 groupsto i dentify whether tweets
occurred at different times of the day between the 2 groups.
Meta-datawere collected on thelocal time of users’ tweetsusing
the universal time code (UTC) offset data. Twitter users can
chooseto select whether to includetheir local timezonein their
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account settings, and tweetswith UTC offset datawereincluded
in this analysis. These tweets were further classified into the
following timeintervals: 00:00-05:59; 06:00-11:59; 12:00-17:59;
and 18:00-23:59.

Statistical Analyses

We conducted 2-tailed Welch'st tests to compare the “ mean of
proportions” for each category of emotion and OCD keywords
between users with ASD and control users. A chi-square test
was used to compare the proportion of users in each category
of the timing of tweet data between the 2 groups. For all tests,
a P<.05 was considered statistically significant. All analyses
were performed with the Python Programming Language
Version 3.6 (Python Software Foundation).

Results

Characteristics of Twitter Users

In total, 4,093,559 tweets were collected between March 22,
2012 and July 20, 2017. Twitter users with ASD (n=152)
tweeted atotal of 1,700,841 tweets, and control users (n=182)
tweeted atotal of 2,392,718 tweets. We observed no statistically
significant differences between the group of users with ASD
and the group of control users in the mean number of tweets
per user or for meta-data, including the number of friends,
followers, or favorites (Table 3).
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Mean Proportion of Tweetsfor Fear, Anxiety, and
Paranoia
Users with ASD posted a greater number of tweets compared

with control users for al 3 emotions—fear (3.11e-03 vs
1.98e-03; t,,5=4.410, P<.001), anxiety (1.91e-03 vs 6.49e-04;
t,7,0=3.529, P=.001), and parancia (1.90e-03 vs 8.12e-05;
t,1,=3.021, P=.003; Table 4; Figure 1). Aggregating all 3
emotions together, Twitter users with ASD posted a higher

number of tweets compared with control users (5.15e-03 vs
2.68e-03; t,95=4.981, P<.001; Table 4; Figure 1).

M ean Proportion of Tweetsfor Obsessive-Compulsive
Disorder—Related Terms
Users with ASD posted a higher number of tweets compared

with control usersfor 4 OCD-related keyword categories—fixate
(3.64e-05 vs 1.23e-0.5; t55=2.356, P=.02), count (1.43e-03 vs

9.69e-04; t,,5=3.457, P<.001), excessive (1.15e-04 vs 4.82e-05;
t,,=2.807, P=.005), and concern (9.26e-04 vs 4.55e-04,
t,10=3.959, P<.001; Table 5; Figure 2). No datistically
significant differences between users with ASD and control
userswere observed for the remaining 8 OCD-rel ated categories

Hswen et al

(Table 5; Figure 2). In addition, upon aggregating all
OCD-related terms, no dtatistically significant difference
between groupswas observed (1.20e-02 vs 1.44e-02; t19;=1.292,

P=.20; Table 5; Figure 2).

Timing of Tweets

The number of Twitter userswho had UTC offset data necessary
to retrieve the timing of tweets was 69.2% (231/334). We
observed no gtatistically significant differencein the availability
of time zone information between users with ASD (111/152,
73.0%) compared with control users (120/182, 65.9%; x%,=2.0,
P=.16). A lower proportion of tweets from users with ASD
compared with control users was observed during the time
intervals of 00:00-05:59 (222,810/1,700,841, 13.10% vs
330,915/2,392,718,  13.83%; P<.001), 06:00-11:59
(294,245/1,700,841, 17.30% vs 468,972/2,392,718, 19.60%;
P<.001), and 18:00-23:59 (612,302/1,700,841, 36.00% vs
890,091/2,392,718, 37.20%; P<.001; Table 6). A higher
proportion of tweets from users with ASD compared with
control userswas observed during thetimeinterval 12:00-17:59
(571,483/1,700,841, 33.60% vs 703,459/2,392,718, 29.40%;
P<.001; Table 6).

Table 3. The characteristics of Twitter users with autism spectrum disorder (ASD) and control users.

Twitter user characteristics

Twitter users with ASD
(n=152), mean (SD)

Control twitter users P value

t (df)?
(n=182), mean (SD)

Mean overall tweets per user 11,189 (23,019)
Mean retweets per user 2237 (4886)
Mean original tweets per user 8952 (20,663)
Number of friends 1460 (5422)
Number of followers 1778 (5753)
Number of favorites 15,556 (31,966)

13,146 (20,159) -0818(303) 41
4942 (9680) -3299(277)  .001
8204 (12,369) 0.391 (237) 70
1193 (5559) 0.442 (324) 66
1891 (7752) 0.153 (327) 88
12,515 (19,978) 1.018 (243) 31

®-tailed Welch's t tests were used to compare the “mean of proportions’ for each category.

Table 4. Tweets containing emotion-related keywords among Twitter users with autism spectrum disorder (ASD) and control users.

Emotion terms category Twitter userswith ASD Control twitter users t (df)? P value
(n=152), mean (SD) (n=182), mean (SD)

fear 3.105e-03 (2.822e-03) 1.975e-03 (1.553e-03) 4.410 (225) <.001

paranoid 1.902e-04 (4.057e-04) 8.120e-05 (1.993e-04) 3.021 (211) .003

anxious 1.914e-03 (4.275e-03) 6.486e-04 (1.230e-03) 3.529 (172) .001

Tweets with any of the 3 emotional categories terms  5.154e-03 (5.760e-03) 2.679e-03 (2.282e-03) 4,981 (190) <.001

®)-tailed Welch's t tests were used to compare the “mean of proportions’ for each category.
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Figure 1. Differencesin emotions between autism spectrum disorder (ASD) and control users.
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Table 5. Tweets containing obsessive-compulsive disorder (OCD)-related keywords among Twitter users with autism spectrum disorder (ASD) and

control users.

OCD keyword category Twitter users with ASD Control twitter users t (df)2 P value
(n=152), mean (SD) (n=182), mean (SD)

obsess 5.826€-04 (9.807e-04) 7.0866-04 (9.377e-04) -1.193(316) .23
fixate 3.640e-05 (1.120e-04) 1.226e-05 (6.404e-05) 2.356 (230) 02
repeat 8.711e-04 (1.381e-03) 7.239e-04 (1.7756-03) 0.852 (330) 40
routine 1.027e-03 (7.171e-03) 2.8666-04 (1.114e-03) 1.260 (157) 21
freak 7.584e-04 (1.066e-03) 8.827e-04 (1.342e-03) -0943(331) .35
clean 1.068e-03 (1.534-03) 9.481e-04 (1.026e-03) 0.821 (255) 41
check 1.061e-02 (4.840e-02) 6.944e-03 (1.982e-02) 0.874 (193) 38
count 1.427e-03 (1.471e-03) 9.693e-04 (7.744e-04) 3.457 (219) 001
hoard 5.608e-05 (1.876e-04) 4.938e-05 (2.616e-04) 0.272 (325) 79
wash 5.766€-04 (1.176e-03) 5.986e-04 (8.416e-04) -0.193(267) .85
worry 2.071e-03 (2.167e-03) 1.878e-03 (1.454e-03) 0.934 (256) .35
excessive 1.152e-04 (2.728e-04) 4.816€-05 (1.215e-04) 2.807 (201) .005
concern 9.260e-04 (1.322e-03) 4.548e-04 (6.964e-04) 3.959 (219) <.001
Tweets with any of the 13 categories’ terms 1.997e-02 (4.940e-02) 1.445e-02 (2.023e-02) 1.292 (193) .20

3)-tailed Welch'st tests were used to compare the “mean of proportions’ for each category.
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Figure 2. Differencesin obsessive-compulsive disorder-related discussion between autism spectrum disorder (ASD) and control users.
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Table 6. Timing of users’ tweets between Twitter users with autism spectrum disorder (ASD) and control users.
Timeinterval Proportion of tweets (%) X2 (df) P value
Among twitter users with ASD Among control twitter users
00:00-05:59 131 13.8 351.9 (1) <.001
06:00-11:59 17.3 19.6 2952.9 (1) <.001
12:00-17:59 33.6 29.4 6713.7 (1) <.001
18:00-23:59 36.0 37.2 474.3 (1) <.001
: : As misdiagnoses of ASD for OCD are common because of
Discussion &

Principal Findings

The diagnosis of ASD is complex. Often a multidisciplinary
approach is required to produce the most accurate diagnosis.
Thisstudy investigated thefeasibility of using Twitter asanovel
digital platform for generating additional insights to assist in
the diagnosis of ASD. The findings revealed that through the
textual analysis of tweets, discussions about commonly
heightened emotional states associated with ASD are expressed
among Twitter users who self-identify as having ASD.
Specifically, Twitter users with ASD tweeted more frequently
about fear, anxiety, and paranoia compared with a randomly
generated control group of Twitter users. In addition, these
results suggest that Web-based emotiona patterns expressed
among Twitter users with ASD may parallél offline emotional
symptoms known to be associated with the condition and,
therefore, may be used as a signal for detecting or confirming
adiagnosis of ASD.
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many overlapping and similar symptoms [39,40], in this study,
we also explored whether there may be differences in the
expression of OCD-related behaviorsamong Twitter userswith
ASD compared with control users. Of 13 selected OCD-related
categories, userswith ASD discussed only 4 categories—fixate,
count, excessive, and concern—significantly more than the
control user group. Furthermore, when aggregating all 13
categories, we observed no statistically significant difference.
These findings indicate that Twitter users with ASD may not
display awide number of symptoms of OCD and may highlight
the most salient symptoms that could be explored further as a
method to distinguish symptoms of ASD from individualswith
OCD.

Although research on the presence of some of these behaviors
may steer clinicianstoward adiagnosis of OCD, misattribution
to a behavior or misdiagnosis can lead to the inappropriate
treatment for ASD [7,41]. Therefore, it isimportant to consider
the spectrum of symptoms of OCD and determine whether
Web-based discussions of these behaviors are consistent with
offline representations of OCD. However, this highlights an
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important area for future investigation because offline
observational information of this variety of symptoms can be
difficult to obtain. Ideally, there may be opportunitiesto leverage
Web-based social media data that allow us to capture
minute-by-minute thoughts and behaviorsto provide clinicians
amore objectiveillustration of patients’ behaviorstoward better
understanding the daily occurrences of these symptoms and
inform diagnosis and treatment recommendations.

Finally, we sought to determine differences in patterns of the
timing of Twitter communication between users with ASD and
control users. AsASD ischaracterized asasocial disorder [41],
there could be differences in patterns of the Web-based
communication timing among individuals with this condition
compared with other mental disorders. We found some
differences in the proportion of tweets between groups at each
time-point throughout the day; however, these differences were
very small and are likely not indicative of any diagnostically
relevant differences between groups. This is consistent with
previous studies that have found no differences in the timing
of tweets between a general population of Twitters users and
users with mental disorders such as schizophrenia [25].
Additional research is needed to explore whether potential
differencesin thetiming of social mediause and posts between
userswith ASD and control users could inform the devel opment
of targeted clinical and public health interventionsto reach this
patient group online.

Limitations

Although Web-based social media offers an opportunity to
observe awide range of thoughts and behaviors, our data have
somelimitations. First, Twitter userswho sdlf-identify ashaving
ASD may not be representative of the general population of
individuals with ASD. The Twitter population, on average, is
composed of alarger proportion of younger adults aged 18-29
yearswith higher levels of education compared with those who
do not use Twitter [42]. Therefore, it is more likely that users
with ASD in our study are younger adults and with higher
education levels than persons with ASD who do not use social
media. Second, identification of users with ASD was through
self-identification on Twitter. Many individuals with ASD who
are on Twitter may not openly self-identify as having ASD,
thereby making the sample included in this study potentially
more comfortable discussing their disorder over the Web with
others. This might mean that our study population is different
compared with Twitter users with ASD who choose not to
self-identify ashaving ASD online. Although no formal clinical
diagnosis was confirmed for Twitter users included in the
analyses conducted in this study, the nature of the stigmatizing
diagnosis of ASD makes it highly unlikely that individuals
would be dishonest about publicly self-identifying as having
ASD on Twitter. There is a possibility, however, that there are
somewho might have self-diagnosed themsel ves as having ASD
without aclinical consultation, and we, therefore, cannot verify
the clinical diagnosis of ASD in our study population. Of note,
this was an exploratory study that used textual anayses to
explorewhether common emotionsand OCD-rel ated behaviors
could be detected among Twitter users with ASD and whether
these discussions may differ compared with control users. As
a result, we can only report on publicly available discussions
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captured from Twitter and, therefore, we are unable to confirm
whether these are also occurring offline. In addition, we did not
identify acohort of OCD usersand did not conduct acomparison
between ASD and OCD users. Therefore, we are not able to
confirm the differences in Web-based patterns between the 2
groups and further examination is necessary. Furthermore, we
note that we developed an adaptive list for the emotion
categories related to autism but did not expand thislist for the
OCD-related categories. We specifically used the terminology
used in the Y-BOCS to mimic the survey and the terms used to
diagnosein the clinical setting. However, we acknowledge that
these OCD terms could have been adapted; therefore, we
potentially missed OCD-related behaviors in our analysis of
tweets. Finally, we acknowledge that small yet detectable
differences were yielded from our analyses. Owing to the size
and breadth of our dataset, although small, these differences
can detect important differences in the characteristics between
ASD users and the general population and are worth exploring
further as to what is a meaningful change to influence a
diagnosis.

The strength of this study isthat thisisthefirst known study to
leverage Web-based social media datafrom Twitter to compare
emotional and OCD-related discussions between users with
ASD and a randomly select group of control users. A
comprehensive picture of a digital footprint of emotions and
behaviors can be gleaned from Twitter through the examination
of Web-based social media data. This study highlights the
feasibility of conducting this type of analysis through these
emerging digital streams to further contribute to our
understanding of a “digital phenotype” for ASD. This study
yields additional insights that contribute to a growing body of
evidence depicting digital phenotyping and the potential to draw
from Web-based data sources to detect signals and symptoms
for a range of disorders such as ASD [27,35,36]. The data
captured in this way were in a naturalistic and unsolicited
format, thereby avoiding the concernsof social desirability bias
or recall bias that are present with traditional survey data
collection methods. Therefore, the methods applied in this study
highlight the potential of collecting novel data streams that
could be used to supplement the existing data collection
methods. Furthermore, it isimportant to note that we are dealing
with individuals from vulnerable population groups, and they
are contributing their conversations and thoughts for
observational research studies such as ours; however, all of
these publicly available data are aways aggregated, and we
purposefully did not identify the individuals.

Conclusions

Digital signas from Web-based socia media may offer an
additional resourceto capture information not always available
for direct observation. ThisWeb-based data sourceis not meant
toreplacetraditional formsof diagnosis but to supplement these
existing approaches by hel ping to identify symptoms or confirm
diagnoses of ASD. Multidisciplinary approaches are often
required to gain a full breadth of information and appear to be
the gold standard of diagnostic methods. The accuracy of
diagnosesis necessary to ensure that personswith ASD receive
proper treatment and care in atimely manner so that they can
live afulfilling and healthy life [21,43-45]. Findings from this
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study can contribute to the development of multidisciplinary  steps toward illustrating the potential feasibility of digital
clinical assessments that draw from novel digital sources, as detection methods for ASD.
well as traditional surveys and clinical interviews, and takes
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Abstract

Background: As mHealth apps proliferate, it is necessary for patients to feel capable and comfortable using devices that run
them. However, limited research is available on changesin comfort level before and after the use of an mHealth app.

Objective: The objective of this study was to determine whether patients with tuberculosis who used an mHealth app called
Video Directly Observed Therapy (VDOT) to monitor their antituberculosis treatment became more comfortable using mobile
phones after the intervention and to identify factors associated with change in comfort.

Methods: We analyzed data from a longitudinal study assessing the feasibility and acceptability of the VDOT app among
patients receiving antituberculosis treatment from public health departments in San Diego, San Francisco, and New York City.
Comfort levels on six domains of mobile phone use (making phone calls, taking pictures, recording videos, text messaging,
internet and email use on the phone) were measured on a 10-point scale (1=very uncomfortable; 10=very comfortable) at the start
and end of treatment using VDOT viatelephone interviews. The main outcomes were change in comfort level on each domain
(recoded as binary measures) and an overall change score (sum of individual measures). Linear and logistic regression analyses
were performed to assess whether sociodemographics, risk factors, and VDOT perceptions were associated with change of comfort
measures.

Results:  Among 120 participants with complete data, mean age was 39.8 years (SD 14.8, range 18-87 years), 46.7% (56/120)
were female, and 76.7% (92/120) were foreign born. The combined comfort level at baseline was high overall (mean 48.8, SD
14.2, interquartile range 43.0-60.0) and the mean comfort score increased by 1.92 points at follow-up (P=.07). Statistically
significant increases in comfort on individual domains included taking pictures (P=.02) and recording videos (P=.002). Females
were more likely to have increased comfort in using the internet on the phone compared to males (odds ratio [OR] 3.03, 95% Cl
1.08-8.52, P=.04). Participants who worked less hours per week were more likely to have increased comfort recording videos
although this did not meet statistical significance (OR 1.03, 95% CI 1.00-1.05, P=.06).

Conclusions: Findings suggest that, despite ahigh level of comfort using mobile phones at baseline, experience using the VDOT
app was associated with increased comfort using mobile phone features. Additional research involving participants with lower
baseline mobile phone experience is needed. An implication of these findings is that as patients begin to use mHealth apps for
one health condition, they could acquire skills and confidence to more quickly adapt to using mHealth apps for other conditions.

(IMIR Mhealth Uhealth 2019;7(2):€11638) doi:10.2196/11638
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Introduction

Methods

Mobile phone apps play an increasingly important rolein health
care as evidence supporting these interventions accumulates
[1]. These mHealth (mobile health) interventions have been
applied to monitor postoperative care [2,3], diabetes
self-management [4,5], smoking cessation [6,7], care and
prevention of HIV and other sexually transmitted diseases [8],
and more. As these interventions begin to spread throughout
health care, there has been a growing interest in the response
to these apps, including topics such as acceptability and
feasibility [2], satisfaction by patients and providers [5], and
efficiency [4]. However, there is limited research measuring
users’ comfort in operating mobile phone functions and whether
comfort increases as aresult of engagement with these apps.

The World Health Organization and Centers of Disease Control
recommend the use of directly observed therapy (DOT) for
monitoring treatment of both tubercul osis and sometimes|atent
tuberculosis infection. DOT is a case management system
devel oped for monitoring antitubercul osistreatment [9]. Patients
with tuberculosis have to travel to a health care facility or a
trained DOT worker travels to the patient’s home to observe
them taking their medication. DOT improves adherence because
it requires close supervision, but it has some barriers as well
[10]. One example of a barrier to DOT is that it requires both
a patient’s and DOT worker’s presence; both schedules may
interfere with time and place of when the medication is taken.
These and other barriers prompted the development of an
mHealth intervention called Video Directly Observed Therapy
(VDOT). VDOT was developed as an alternative to DOT to
help reduce the barriers of DOT and increase adherence [11].
TheVDOT process allows patientsto record themselvestaking
the medication and send the date- and time-stamped video to a
DOT worker who watches the video and documents each dose
taken. These recorded videos allow patients the flexibility of
choosing the best time and place to take their medication.
Patients receive daily medication reminders by short message
service (SMS) text message, and may use the phone to text,
email, or call their provider throughout treatment.

A study was conducted from August 2013 through July 2014
to assess the feasibility and acceptability of VDOT for
monitoring tubercul osis treatment adherencein three US health
departments (San Diego, San Francisco, and New York); patient
comfort using mobile phoneswas a so measured during baseline
and follow-up interviews [11]. In this paper, we assess the
change in comfort using mobile phone features and apps and
look at factors associated with change. Understanding patient’s
comfort and use of mHealth apps will assist in the design and
development of other health-based mobile phone apps.

https://mhealth.jmir.org/2019/2/€11638/

Participant Recruitment

Thisanalysis used datafrom athree-city study of VDOT among
patients with active tuberculosis. Patients 18 years or older
undergoing treatment for active tuberculosisin San Diego, San
Francisco, and New York City Health Departmentswere invited
to participate in the study by health department staff. Research
staff conducted phone interviews before patients started to use
the VDOT app (baseline) and after their treatment or study
participation ended (follow-up). The interviews included
guestions on sociodemographics, risk behaviors, VDOT
perceptions, and comfort using mobile phone apps and phone
features. Participants were provided phones with the VDOT
app installed and were told that they could use the phones for
anything related to their tuberculosis treatment: making calls,
text messaging, emailing, taking pictures, and accessing the
internet. The study was approved by the University of California
San Diego Human Research Protection Program. All participants
provided written informed consent.

Outcomes

The main outcomefor thisanalysiswas changein comfort using
mobile phone features between the baseline and follow-up
interviews. Comfort with phone features was stratified into six
categories: making phone calls, taking pictures, recording
videos, text messaging, internet browsing, and using email.
Participants were asked, “On ascale of 1to 10, how comfortable
areyou using acell phoneto (category)? 1=very uncomfortable
and 10=very comfortable.” This scale was developed by the
authors and was first used in our study; therefore, we assessed
internal reliability using robust alpha coefficients [12]. The
estimated alpha was .93 (95% CI .87-.96), which showed
excellent reliability. These questions were asked during both
the baseline and follow-up interviews. Change in comfort was
calculated by subtracting the baseline scoresfrom the follow-up
scores. “Not applicable” and “refuse to answer” were potential
response options and were treated as missing for this analysis.
Overall change in comfort was calculated by summing the six
individual technology comfort scores (range 1-10) to produce
a cumulative score for baseline and follow-up (range 6-60).

Data Analysis

Theoverall changein technology comfort and the changein six
separate technology comfort variables were summarized by
descriptive statistics (mean, median, quartiles, standard
deviation) and assessed by Wilcoxon signed rank test. Univariate
tests (Spearman correlation coefficient, Wilcoxon rank sum
test, and Kruskal-Wallis test) and simple linear regression
analysis were performed to assess the bivariate association
between overall comfort change score and each potential
covariate (sociodemographics, site, risk behaviors, VDOT
perceptions, and baseline comfort score). For individual item
comfort change measures, we analyzed them as binary outcomes
(improved vs not improved) since normal assumption of
residuals for a linear regression model was not satisfied; a
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change score greater than zero was defined as an improvement.
Univariate tests (Wilcoxon rank sum test and Fisher exact test)
and simplelogistic regression analysiswere performed to assess
bivariate associations between each individual item change and
baseline covariates. Results from the univariate test and
regression analysis were consistent; therefore, estimated
coefficients, odds ratios (ORs), and P values from regression
analyses were reported. Variables that were significant with
P<.10 in the simple linear/logistic regression were considered
for inclusionin the multivariable regression analysis. Backward
elimination was used to remove nonsignificant variables from
the model and the variable with thelargest P value was removed
from the model at each step, until only variables with P<.10
remained in thefinal model. A normal probability plot was used
to assess the normality assumption of linear model residuas
and influential observations were assessed by residual and
Cook’s distance. Sensitivity analyses were performed by
excluding the influential observations from the analysis and
comparing it to the original model. Since the results remained
robust, we report regression analysis results from the original
model. A P<.05 was interpreted as statistically significant. All
data analyses were performed using R (version 3.3.0) and SAS
14 software (Cary, NC, USA).

Results

Participant Characteristics

Overal, 151 participants were enrolled in the parent study, of
which 126 completed thefollow-up interview. Since participants
could refuse to answer any question in the interviews, this

https://mhealth.jmir.org/2019/2/€11638/
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analysisincludes only those who provided responsesto at |east
three comfort questions at both visits, leaving 120 participants
for analysis. The mean age was 39.8 years (SD 14.8, range
18-87), 46.7% (56/120) were female, 47.5% (57/120) were
Asian, 26.7% (32/120) were Hispanic, and 12.5% (15/120) were
African American. Overall, 76.7% (92/120) were foreign born,
55.4% (62/112) reported an annual income of more than US
$10,000/year, 79.0% (94/119) had health insurance, and 47.0%
(55/117) had education beyond high school. Behavior
characteristics showed that 27.7% (33/119) consumed alcohol
at least once a month and 40.0% (48/120) had ever smoked
cigarettes. Before starting VDOT, 72.5% (87/120) of participants
owned a maobile phone and 80.8% (97/120) of participants
preferred communicating with their health care provider through
text, phone call, or email (text message: 11.7%, 14/120; phone
cal: 63.3%, 76/120; 14/120; email: 5.8%, 7/120). The mean
duration of daily VDOT use was 5.46 months (SD 3.25,
interquartile range [IQR] 3.09-7.47).

Overal, mean baseline comfort scores for the six individual
domains of mobile phone use were high (range 7.43-9.02; Table
1). The average comfort scores were lowest for email use on
phone and highest for making phone calls at both baseline and
follow-up. The average change in comfort score was highest
for recording videos (mean 0.79, SD 3.04) and lowest for
making phone calls(mean 0.11, SD 2.03) and email uses (mean
0.11, SD 2.72); however, the changes were only statistically
significant for taking pictures (P=.02) and recording video
(P=.002). Although not statistically significant, an increase was
also observed for the combined overall comfort score (P=.07).
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Tablel. Self-reported comfort score using mobile phone features before and after using an mHealth app to monitor antitubercul osistreatment adherence

among patients in San Diego, San Francisco, and New York City (N=120).

Comfort variables Baseline Follow-up Change Improvement (change score>0)2 n (%) P val ue?

Making phonecalls 25 (23.6) .30
Median (IOR9) 10(9, 10) 10(9, 10) 0(0,0)
Mean (SD) 9.02 (1.95) 9.34 (1.52) 0.11 (2.03)

Taking pictures 39(32.8) .02
Median (IQR) 10 (7, 10) 10 (8, 10) 0(0, 1.5)
Mean (SD) 8.21 (2.65) 8.76 (2.29) 0.55 (3.24)

Recor ding videos 39(34.2) .002
Median (IQR) 9 (6, 10) 10 (8, 10) 0(0,1)
Mean (SD) 7.69 (3.08) 8.48 (2.38) 0.79 (3.04)

Text messaging 30(25.9) .26
Median (IQR) 10 (8, 10) 10 (8, 10) 0(0, 1)
Mean (SD) 8.23 (2.87) 8.52 (2.55) 0.27 (2.55)

Internet use 28 (26.2) .58
Median (IQR) 10(7, 10) 10 (7, 10) 0(0,1)
Mean (SD) 7.90 (3.15) 7.95 (3.07) 0.19 (2.64)

Email use 24 (22.9) .87
Median (IQR) 9(5.5, 10) 9 (6, 10) 0(-L1, 0)
Mean (SD) 7.43(3.28) 7.47 (3.13) 0.11 (2.72)

Overall comfort N/A .07
Median (IQR) 54 (43, 60) 56 (50, 60) 0(=2, 6)
Mean (SD) 48.8 (14.2) 51.3 (12.2) 1.92 (11.1)

3 mprovement indicates the number and percentage of participants whose change scores were greater than zero for each individual comfort variable.

bp values are from Wilcoxon si gned rank tests.
%IQR: interquartile range.

Combined Overall Comfort

From simplelinear regression analysis (Table 2), we found that
older age was associated with an increase in overall comfort
score change (P<.001). Those without a mobile phone at
baseline (P=.01) and those who had lower comfort at baseline
(P<.001) were more likely to have increased comfort at
follow-up. Using multivariable linear regression, we found only
the baseline overall score stayed significant with ahigher overall
baseline score (ie, more comfortabl e at baseline) associated with
asmaller increase at follow-up (beta=—0.45, P<.001).

Comfort in Six Individual Comfort Domains

To identify factors independently associated with change in
comfort level for each of the six individua phone functions, we
performed simple (Table 2) and multivariable (Table 3) logistic
regression analyses. Variables significantly associated with

https://mhealth.jmir.org/2019/2/€11638/

comfort changes on individual items in the simple logistic
regression analysis included age, country of birth, education,
hoursworked per week, previous mobile phone ownership, ever
recording VDOT videos while away from home, and baseline
comfort score (all P's<.05).

Variablessignificantly associated with comfort changefor each
individual item in simple logistic regression were assessed in
multivariablelogistic regression models. Baseline comfort levels
were the strongest predictors in the individual item change
measures (all P’ s<.001). After controlling for baseline scores,
only female participants (OR 3.03, 95% CI 1.08-8.52, P=.04)
were more likely to have increased comfort in internet use.
Participants with fewer hours worked per week (OR 1.03, 95%
Cl 1.00-1.05, P=.06) were also more likely to have increased
comfort in recording video although this did not meet statistical
significance.
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Table 2. Simple linear/logistic regression analysis® of change in comfort using mobile phone functions among Video Directly Observed Therapy
(VDQT) study participants (N=120).

Variables n (%)° Overal change,  Individual comfort measure, odds ratio
beta
Making Taking Recording Textmes- Internet Email use
phonecalls pictures videos saging use
Sociodemogr aphics
Age (years), mean (SD) 39.8(148)  g24° 102 03¢ 104° 1.04° 105¢  1.04°
Hours/week worked at currentjob, 25.7 (20.4) 0.05 1.04° 1.02f 1.03 1.01 1.01 1.02
mean (SD)®
Country of birth
Other (ref9) 75 (62.5)
United States 28(23.3) —2.94 0.39 0.349 0.52 0.43 0.45 153
Mexico 17 (14.2) -2.62 1.28 0.65 121 1.56 0.86 0.93
Site
San Diego (ref) 43 (35.8)
San Francisco 44 (36.7) 0.54 1.00 124 1.73 0.50 0.72 1.03
New York 33(27.5) -1.70 0.63 115 1.88 131 0.66 155
Race/ethnicity
Asian (ref) 57 (47.5)
Hispanic 32(26.7) -0.89 1.00 1.20 2.02 118 135 185
Other 31(25.8) -1.03 0.71 1.26 144 132 0.90 1.03
Female sex (ref: male) 56 (46.7) 0.46 0.62 0.95 1.28 0.84 215 1.25
>High school education (ref: <high 55 (47.0) -1.53 0.83 0.52 0.42¢9 0.57 0.56 0.39f
school)
Have health insurance (ref: no) 94 (79.0) 2.82 0.66 125 1.07 115 2.68 145
Household income (USS$) 62 (55.4) —2.84 0.45f 0.50' 0.62 0.91 0.71 0.54
>$10,000/year (ref:
<$10,000/year)
Behavioral characteristics
Alcohol consumed =once/month 33 (27.7) 0.97 0.52 1.02 1.45 0.43 0.91 0.62
(ref: <once/month)
Ever smoked cigarettes (ref: never 48 (40.0) -2.92 0.46 0.57 0.99 0.63 0.95 1.04
smoked)
VDOT characteristics
Daysof practiceneededtolearn  1.53(1.51) -0.76 1.27 1.01 1.02 114 0.99 0.88
VDQOT process, mean (SD)
Milesto tuberculosisclinicfrom  13.0(10.1) -0.12 0.98 0.99 1.00 1.00 1.01 0.97
home, mean (SD)
Owned amobile phone (ref: no) 87 (72.5) —6.22° 037 0.20° 0.33¢ 0.23¢ 0.64 0.49
Used VDOT phonewhileaway 84 (71.2) -343 0.82 0.36% 0.76 0.67 0.309 0.54
from home-ever (ref: never)
Preferred communicating with 23(19.2) 1.39 201 1.78 1.12 0.81 0.57 0.81
physician in person (ref:
text/call/email)
Baseline comfort score” -0.45° 0.06° 043¢  057° 0.61° 075°  0.74°

30verall change score was analyzed as a continuous measure and the beta coefficient from simple linear regression was reported for overall change
score; individual item change scores were analyzed as binary measures since the normal assumption of residuals in linear regression was not satisfied
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when analyzed as continuous measures, odds ratios from simple logistic regression were reported for individual item change scores.

byvalues represent n (%) unless otherwise indicated.

°P<.01.

9p< 05.

®Beta and odds ratio are interpreted for per 1 hour less,

fp<.10.

9Ref: Reference.

PMean (SD) for baseline comfort scores were presented in Table 1.

Table 3. Multivariable regression model® for associations with change in comfort using mobile phone functions among VDOT participants.

Comfort variable Variables, oddsratio (95% CI)
Baseline comfort score Hours/week worked at current job  Sex (female vs male)
(per 1 hour less)

Making phone calls 0.06 (0.02 t0 0.18)° N/AC N/A

Taking pictures 0.43 (0.31to 0.59)b N/A N/A

Recording videos 0.58 (0.47 t0 0.72)° 1.03 (1.00 to 1.05) N/A

Text messaging 0.61 (0.50 to 0.74)° N/A N/A

Internet use 0.73 (0.62 t0 0.85)° N/A 3.03 (1.08 t0 8.52)°
Email use 0.74 (0.64 t0 0.85)° N/A N/A

Overdll score -0.45 (-0.56 to _0_33)f N/A N/A

30verall change score was analyzed as a continuous measure and the beta coefficient from multivariable linear regression was reported; individual item
change scores were analyzed as binary measures and the odds ratios from multivariable | ogistic regression were reported.

bp< 01.

°N/A: not applicable.

dp< 10,

°P<.05.

"Beta coefficient (95% CI) from linear regression analysis.

Discussion

The main function of the VDOT app was to record and send
videos of each medication ingestion event, and we found a
significantly positive change in comfort with using a mobile
phone to take videos and photos. We aso observed a
nonstatistically significant increase in comfort using al other
mobile phone functions following the use of the VDOT app for
monitoring tubercul osistreatment adherence. Except for basdline
comfort, sex, and hours worked, we did not find baseline
sociodemographicsto affect comfort change. Thisindicatesthat
theuse of VDOT hasthe potential to increase patient skillswith
various mobile phone functions across a range of patient
characteristics, which should increase their willingness and
ability to utilize future mHealth apps.

Other mHealth studies considered the usability and receptiveness
of app-based tools using different forms of Likert scales [2,7]
or qualitative measures from patient responses [5,6] to find
important associations related to app quality and user opinions.
These studies assessed a variety of health interventions and
most had positive results when investigating topics such as
usability [3] and acceptability [2,7]. Unlike previous studies,
thisstudy quantified comfort with using mobile phone functions
and examined correlates of those changes. These measures of

https://mhealth.jmir.org/2019/2/€11638/

change in comfort help to elucidate how patients perceive the
use of an mHealth app and how its use can impact comfort using
mobile phones. Finding that comfort increased after using an
mHealth app suggests that introducing patients to one mHealth
app can increase the likelihood that they will be willing and
able to engage with future mHealth interventions. The factors
that contribute to comfort using mobile phone features have
important rel evance to whether patients have agood experience
using the different tools and benefit from the intended purpose
of the app.

Some study limitations must be considered. All participantsin
this study were undergoing treatment for tubercul osis; thus, this
sample is not representative of al patient populations.
Tuberculosisinthe United States most commonly occursamong
immigrants from high tuberculosis-burden countries; persons
who are homeless, inject illegal drugs, or are HIV infected; and
people who live or work in hospitals, homeless shelters,
correctional facilities, nursing homes, and residential homesfor
those with HIV [13]. The study took place in three major
metropolitan cities, so the results might not reflect those of
patientsin rural areas. Also, the modest sample size might have
limited our ability to detect statistically significant associations.
Since most participants owned mobile phones and had high
comfort levels at baseline, they had little room to increase
comfort, which also limited our ability to detect changes. Future
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studies involving patients with less mobile phone experience
at baseline should be considered. Lastly, the data were all
self-reported, which may have introduced information bias.

This study has severa strengths. The longitudinal study design
supports a causal relationship between the observed change in
comfort and use of the VDOT app. Baseline and follow-up
guestionnaires encompassed awide range of variablesincluding
sociodemographic, behavioral, and treatment perceptions, which
allowed us to assess multiple potential correlates of changein
comfort. The study assessed comfort using six different
functions of a mobile phone rather than mobile phone use in
general, which allowed for amore comprehensive investigation
of the effect of using an mHealth app on change in comfort

Doetd

changein comfort using an mHesalth app, which helpsto address
gaps in existing literature.

This study shows that after using a mobile phone for one
mHealth intervention, patients became more comfortable using
the device, which suggeststhat they will more quickly embrace
other mHealth interventions (eg, smoking cessation or diabetes
management). With expanded use of mHealth appslike VDOT,
it isimportant for patients to be comfortable with using mobile
phone functions. M easuring the comfort level that patients have
while using mHealth apps can help to determine if these apps
are improving patient skills using technology. This will help
prepare patients to adopt the use of other forms of mHealth, as
well as accessing health information through their mobile phone.

using mobile phones. Lastly, thisis the first study to measure
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Abstract

Background: Over the past decade, mobile health has steadily increased in low-income and middle-income countries. However,
few platforms have been able to sustainably scale up like the MomConnect program in South Africa. NurseConnect was created
as a capacity building component of MomConnect, aimed at supporting nurses and midwives in maternal and child health. The
National Department of Health has committed to expanding NurseConnect to all nurses across the country, and an evaluation of
the current user experience was conducted to inform a successful scale up.

Objective: This study aims to evaluate the perception and use of NurseConnect by nurses and midwives to produce feedback
that can be used to optimize the user experience as the platform continues to scale up.

Methods: We conducted focus group discussions and in-depth interviews with 110 nurses and midwives from 18 randomly
selected health care facilities across South Africa. Questions focused on mobile phone use, access to medical information and
their experience with NurseConnect registration, as well as the content and different platforms.

Results: All participants had mobile phones and communication through calls and messaging was the main usein both personal
and work settings. Of 110 participants, 108 (98.2%) had data-enabled phones, and the internet, Google, and apps (South African
National Department of Health Guidelines, i Triage, Drugs.com) were commonly used, especially to find information in the work
setting. Of 110 participants, 62 (56.4%) were registered NurseConnect users and liked the message content, especially listeriosis
and motivational messages, which created behavioral change in some instances. The mobisite and helpdesk, however, were
underutilized because of alack of information surrounding these platforms. Some participants did not trust medical information
from websites and had more confidence in apps, while others associated a*“ helpdesk” with acall-in service, not amessaging one.
Many of the unregistered participants had not heard of NurseConnect, and some cited data and time constraints as barriersto both
registration and uptake.

Conclusions: Mobile and smartphone penetration was very high, and participants often used their phone to find medical
information. The NurseConnect messages were well-liked by all registered participants; however, the mobisite and hel pdesk were
underutilized owing to a lack of information and training around these platforms. Enhanced marketing and training initiatives
that optimize existing social networks, as well as the provision of data and Wi-Fi, should be explored to ensure that registration
improves, and that users are active across all platforms.

(JMIR Mhealth Uhealth 2019;7(2):e11644) doi:10.2196/11644
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Introduction

As a middle-income country, South Africa has committed to
achieving the maternal and child health targets set out in both
the Millennium Development Goals and Sustainable
Development Goals (SDGs) [1,2]. Over the past decade, great
strides have been made, which include the introduction of
MomConnect by the South African National Department of
Health (NDOH) in 2014 [3,4]. MomConnect isamobile health
(mHealth) solution created to improve and promote maternal
health servicesin South Africa by providing pregnant mothers
with free stage-based messaging and a helpdesk, while also
creating a universal pregnancy registry [5,6].

Strong government leadership and high mobile penetration [7]
have led to over 2 million registered MomConnect users; this
success prompted the development of NurseConnect, a
complementary platform for health care workersin the maternal
and child health space [6]. Like MomConnect, NurseConnect
provides its users with short message service (SMS) text
messages and access to a helpdesk. In addition, users have
access to a mobile website (mobisite) with comprehensive
information on themes introduced by the SMS text messages
[5,8]. Sinceitslaunch in 2016 [9], NurseConnect has >23,000
registered users (Personal communication Jane Sebidi; based
on extract from District Health Information System, July 5,
2018), leading the NDOH to consider expanding the platform
to engage nurses from al departments, not just materna and
child health [5].

Globally, the World Health Organization (WHO) hasidentified
the health workforce as one of its 6 building blocks for health
system strengthening [10], while South Africa’s National
Development Plan 2030 highlighted primary health care, with
afocus on training and mentoring nurses to build capacity and
increase job satisfaction [11]. In 2015, the NDOH incorporated
the need for health system strengthening into the South African
mHealth Strategy 2015-2019 and recommended that mHealth
should be utilized to strengthen health human resources [12],
which is what NurseConnect has been developed to do. Many
studies have shown the positive effects of mHealth interventions
on health care workers in low- and middle-income countries
[13-15]; however, many of these platforms were pilot projects
that failed to scale up successfully [16,17]. With the NDOH
committed to expanding NurseConnect to all nurses across the
country [5], and the initial high enrollment numbers [18],
NurseConnect has the potential to be successfully scaled up,
but the current platform and user experience must be evaluated
to identify possible challenges going forward [13,18]. Therefore,
a mixed-method process evaluation was undertaken. In this
paper, we present the qualitative aspects only aimed at
evaluating the perceptions and use of NurseConnect by health
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careworkersto provide feedback to optimize the user experience
to inform the expansion of NurseConnect.

Methods

The NurseConnect evaluation in this paper specifically refers
to the collection and evaluation of qualitative data from focus
group discussion (FGDs) and in-depth interviews (IDls) with
nurses and midwivesfrom sel ected facilities across South Africa
Of note, this paper does not evaluate any quantitative data
pertaining to the outcomes or effectiveness of the NurseConnect
platform, as these finding will be the focus of a separate
publication.

NurseConnect Content

The NurseConnect platform was based on the Integrated
Behavioral Model and Adult Learning Theory of change, where
evidence indicates that engagement is the key to absorbing
information from Web-based learning situations. Health care
worker training and mentoring specidists compiled and designed
the content with input from local doctors and nurses in the
maternal health field. SMS text messages were presented in
concise, simple language 2-3 times aweek and often contained
links to expanded papers on the mobisite. The mobisite could
also be reached directly from the internet, and the helpdesk
could be activated by responding to any of the SMS text
messages. Morerecently, where nurses have smartphones, SMS
text messages have been replaced by WhatsApp messages.

The content was divided into 2 main categories—informational
and motivational . The informational content aimed to improve
users knowledge of maternal and child health, while the
motivational content aimed to inspire users to make small
actionable changes to increase productivity and happiness in
their work. Figure 1 displays example messages, as well as a
screenshot of the NurseConnect landing page.

Setting

To minimize bias, we randomly chose 18 facilities to equally
represent a national population by ensuring that all provinces,
types of facilities (ie, hospitals, clinics, and community health
centers [CHCsq]), and regions (ie, urban, periurban, and rural)
wereincluded. Figure 2 detail s the names and | ocations of these
18 facilities.

After provincial and district approval were obtained, facility
visitswere scheduled. Each facility was asked to provide agroup
of 6-8 registered staff to participate in an FGD or IDI, as well
as a private room for the discussions to take place. Each site
visit lasted from half a day to 3 days. Each FGD and IDI took
between 15 minutes and 1 hour, depending on the operational
demands of the facility and the active participation of the staff.
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Figure 1. NurseConnect sample messages and mobisite.
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Figure 2. Facility locations. Ave: avenue; CHC: community health center.
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Data Collection

All 18 approached facilities consented to participate in the
research, and the site visitswere conducted between December
12, 2017 and April 10, 2018. Convenience sampling provided
atotal of 110 nurses and midwives, who participated in the
focus groups and interviews.

Using a pretested and piloted guide, 2 experienced moderators
facilitated the FGDs and IDls, with the principal investigator
being present for 15 of the 18 sitevisits. The decision to conduct
an FGD or IDI depended on the number of available
NurseConnect registered participants present at the facility
during the data collection visit. The FGDs and IDIs were

http://mhealth.jmir.org/2019/2/€11644/
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audiorecorded so that the conversations could later be
transcribed, and the facilitator also documented notes after
discussions. Although an option of answering in vernacular was
presented, participants elected to speak English.

Data Analysis

A total of 18 FGDs and 9 IDIs were conducted during the site
visits. All these recordings were transcribed by the principal
investigator into Microsoft Word documents. A selection of
transcripts was randomly selected and independently verified
by another team member to ensure accuracy. A codelist agreed
upon by the evaluation team was constructed to define relevant
codes and emergent themes. The transcripts were then uploaded
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to MAXQDA V 1.2 (Verbi Software) and investigated with the
codelist. All transcriptswere coded by the principal investigator,
while a selection of transcripts was independently coded by
another study team member to ensure consistency. Upon
completion, each code was concentrated into data reduction
tables, then further refined into summary tables for reporting.
Data were summarized into the themes of mobile use,
registration, platforms, and user experience and content.

Ethical Consideration and Approval

Ethics approval for this evaluation was obtained from the
University of the Witwatersrand Human Research Ethics
Committee (M106976) on October 21, 2016. Participation in
the data collection was voluntary. Consent forms were signed
for both participation and voice recording.

Results

Mobile Phone Use

All 110 participants stated that they had personal mobile phones;
4 also had access to a mobile phone provided by work. Two
participants had basic phones, some had feature phones (access
to data and some apps like theinternet and WhatsApp), and the
majority used smartphones.

The most common personal use of phones was for
communication, with the majority of participants using
WhatsApp (oftenin group chats), SM Stext messages, and phone
calls to stay in touch with their friends and family, as well as
their work and their children’s schools. In addition, Facebook
was a popular form of communication and networking, as
participants could interact with nursing communities on a
national or global scale such asthe International Midwives Page.
Furthermore, participants used theinternet and Google, aswell
asavariety of apps, which included the camera, banking, GPS
or navigation, voice or video recordings, educationa apps,
gaming, and YouTube (Figure 3).

Some participants stated that high data costs prevent them from
using their phones for work, but most participants were active
phone users and took advantage of this resource to help them
with their health care in a variety of ways (Figure 3).
Communication was the main use, with many participants
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caling or messaging their colleagues when they needed
stance. Most interactions on WhatsApp were madein groups
though, with many participants belonging to a number of
health-related groups; these groups consisted of colleagues, as
well as a variety of other health care professionals, and these
different clusters allowed participants to share media, ask
guestions, and support each other.

S0, we use WhatsApp. We just shoot the picture, neh,
of the X-ray, then we just send it to that doctor, maybe
the specialist, and then that specialist will respond.
[Nurse, rural hospital]

In addition, participants frequently used their phones to look
up clinical information about symptoms, diagnoses, and
medications, stating that they were generally able to find the
information that they required. The main source of information
was the internet through Google; however, some participants
wereweary of theinformation found over the Web and preferred
to usetrusted medical apps, likethe NDOH guidelines, iTriage,
Medscape, Drugs.com, and Drugs Dictionary.

Websites, you know, the internet is full of...it's not
authentic, because they are not journals per se. S0,
you need things that are authentic because we are
dealing with people, you know what | mean, not
robots here. We don’t do trial and error here. We
need to be 100% correct. [Nurse, urban clinic]

NurseConnect

Registration

Of 110 participants, 62 (56.4%) were registered to
NurseConnect, and many of them had been registered for over
ayear (Table 1). The absence of more registered participants
was mainly attributed to a lack of awareness of the
NurseConnect platform, which included anumber of health care
workerswho thought that NurseConnect and MomConnect were
the same product.

With me, this is the first time. | even though you
wanted to write about MomConnect, when the sisters
said it was NurseConnect, so this was the first time.
[Nursg, rural CHC]
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Figure 3. Common mobile phone uses. SMS: short message service.
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Table 1. Facilities sampled and the number of participants per facility.

Fecility Province Total participants NurseConnect registered participants, n (%)
Bhisho Hospital Eastern Cape 2 2(100.0)
SS Gida Hospital Eastern Cape 15 6 (40.0)
Gaongalelwe Clinic Free State 8 6 (75.0)
PAX Community Health Center Free State 1 1(100.0)
Alexandra 8th Avenue Clinic Gauteng 1 1(100.0)
Tambo Memorial Hospital Gauteng 7 0(0.0)
Pholela Community Health Center KwaZulu-Natal 7 5(71.4)
Umbumbulu Clinic KwaZulu-Natal 13 12 (92.3)
Botlokwa Hospital Limpopo 6 6 (100.0)
Warmbaths Hospital Limpopo 7 7 (100.0)
Delmas Clinic Mpumalanga 3 3(100.0)
Nelspruit Community Health Center Mpumalanga 2 2(100.0)
Masibambane Clinic Northern Cape 1 1(100.0)
Delekile Khoza Clinic North West 7 2(285)
Montshioa Stadt Community Health Center North West 6 0(0.0)
Unit 9 Community Health Center North West 8 2(25.0)
Hermanus Hospital Western Cape 13 3(23.0)
Mitchells Plain Community Health Center Western Cape 3 3(100.0)
Total Not applicable 110 62 (56.4)

The NurseConnect registration process was described asquick  them stating that they had complications because of phoneissues
and easy by the majority of participants, with only a few of or difficultieswith the clinic code. When asked about theinitial
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sign-up process, there seemed to be 2 man ways that
participants became aware of NurseConnect and were signed
up. The first was during visits from an external representative
familiar with NurseConnect (ie, District Clinical Specialist
Team Midwife, NDOH representative, Ideal Clinic
Representative) who shared the registration process with staff
during their visits. The second method of NurseConnect
registration was when facilities had an internal NurseConnect
representative that went to a NurseConnect training workshop
or in-service, then brought the information back to connect their
fellow staff members.

In addition, unregistered participants were probed about why
they had never signed up, and most of them stated that they had
never heard of NurseConnect before, or thought that it was
referring to MomConnect. For those familiar with the platform,
some of them were not working the day that their facility was
registered, while others cited data and time constraints as the
main barriers. Some participants were not alowed to have
phones at work, while others mentioned message fatigue, lack
of personal mativation, or being too junior as reasons not to
register.

Like for instance, we are not being given, offered
data. Like when you read message, it consumes data,
and we are getting this every day. | would appeal to
the Department to give us the data to those that are
NurseConnected. [Nurse, rural clinic]

Platforms and User Experience

All registered participants stated that they received the
NurseConnect messaging, and all but one stated that they
received as SM S text message. Participants liked receiving the
SM S text messages because they were free and easy to access,
even for people who were not very technol ogy-savvy or did not
have adequate data. Some participants saved the SMS text
messages o that they could refer to them at alater date, while
others forwarded the SMS text messages to friends and
colleagues who were not registered.

| will say SMS you just read it, you don’'t need data,
you don’'t need anything. Your phone needsto bejust
charged, that’s all. [Nurse, urban hospital]

| sent it to my sister, | think it isthe one sheistalking
about. The one with after work, the legs, my sister is
a nurse as well, and working in maternity. So, |
forwarded it to her. [Nurse, periurban hospital]

Only 1 participant was receiving messages through WhatsA pp,
and none of the other participants knew that thiswas an option.
When asked about the possibility of accessing NurseConnect
through WhatsA pp, participantswere evenly divided, with some
against the idea, while others were open to it. Participants who
were open to using WhatsApp for NurseConnect stated that
they liked the user-friendly interface and suggested that
WhatsA pp groups could be leveraged to create discussions and
ask questions about topics, instead of the one-way flow of
information from SM S text messages.

So, if we can then get connected on it, and then maybe
open up a platform like a WhatsApp where people
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can then also interact about those messages and then
take discussions further. [Nurse, urban clinic]

Participants who did not want to use WhatsApp for
NurseConnect stated that data costs were the main barrier, while
others viewed WhatsApp as a personal platform and did not
want to use it for work.

My WhatsApp is more like my personal, personal
people only, like close family and friends. | prefer
SMS. [Nurse, urban hospital]

Of 62 registered NurseConnect users, only 2 stated that they
had logged on to the NurseConnect mobisite. One participant
stated that she enjoyed the mobisite and searched it for
information when they were bored. Another participant stated
that she followed the blue link from the SMS text message to
get more information; however, she was not familiar with the
term “mobisite” and had never explored the site. Four other
participants stated that they had clicked on the NurseConnect
linksinthe SM S text messages but were also not aware that the
linked paper was on a NurseConnect mobisite. Some other
participants stated that even if they were familiar with the site,
data costs would still prevent them from using it.

We didn't hear about the mobisite. That means at the
time when she went for the in-service, | don't think
that the mobisite was mentioned. [Nurse, rural clinic]

That's the big thing. That's the issue why we don’t
gotothose” dot com!” Thedata. [Nurse, rura clinic]

None of the registered NurseConnect users who participated
had ever used the helpdesk, and only a few of them knew that
it existed. One person mentioned that she had received an SMS
text message explaining that they could respond but had never
tried. Another person had heard of the helpdesk but was under
the impression that it would be a call center and did not know
that it was active or that it could be accessed via SMS text

messages.

We don’t know whether to respond back, so we are
not responding back. That is why | am saying it is
one-sided. It isgiving you the information, you don’t
have any chance to, to share your problem. [Nurse,
rural hospital]

The main barrier to the helpdesk and mobisite was that
participantsdid not know they existed; however, onceinformed,
participants liked the idea and said that they would like to try
them. Another barrier to use that many participants mentioned
was the data costs of accessing a mobisite or sending an SMS

text message.

The problem is like sister said, we don’t have data.
That's the problem, it is why we don’t respond to the
messages. Because of money. [Nurse, rural hospital]

| think that if we had free Wi-Fi here in the hospital,
likeif you want to access any information online you
don’'t haveto useyour data becauseit’swork related.
[Nurse, urban hospital]

Content
Participants generally liked the language, structure, and
frequency of the NurseConnect messages, stating that they were

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 2 [e11644 | p.179
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

easy to understand and relevant to their daily work. In addition,
they preferred English messages, asthemedical content iseasier
to read and understand in English than traditional languages.

And the language is simple and straight forward.
There is no bombastic words like when we were at
schools. So, the messages are straight up. [Nurse,
rural clinic]

Itiseasy for me. Becauseit is English. And all of us
speak Englishanditis, it'sthetermsthat we are using
in our profession. [Nurse, rural hospital]

If it was like 20 messages a week, then | would get a
bit upset because | would think it's too much. And it
would just be taking up all the space on my phone,
and | don't think | would read all of it then. Where if
it was less messages every day, or every second day
or third day, | would actually take the time and read
it, and then maybe even forward it to someone.
[Nurse, urban hospital]

M essages about the listeriosis outbreak and motivation or stress
relief were favored by many, and some participants stated that
these messages created behavioral changes. The listeriosis
information prompted one facility to conduct a full in-service
based on the topic, while another facility improved their
temperature-taking practices after receiving the messages. Some
participants stated that the motivational messages led them to
eat and rest properly during long shifts and before nightshifts,
while others greatly appreciated the encouraging messages.

| can give an example, the other day, and | was so
happy. | was, the whole week | was teaching patients
on HIV, and when the message comes and say your
patients are happy about the information that you
give them, | was like wow;, thank you, talking to me.
And | was happy! [Nurse, periurban hospital]

Some participants suggested that the topics be expanded to
include pediatrics, chronic diseases, geriatrics, and mental
health; however, they generally found the messages very
informative and helpful. Furthermore, participants suggested
that the government could share updated policies, guidelines,
and nursing standards through the NurseConnect platform.

What | noticed is that | think you mostly on babies
and pregnant women, but there’s nothing about
paediatrics, chronic diseases, of geriatrics. [Nurse,
rural clinic]

There is no need for us to be going on apps and
downloading things, let the government give us what
they want us to have. The latest information, you
know. [Nurse, urban hospital]

Discussion

Principal Findings

This is the first report describing and evaluating the rollout,
uptake, and utilization of NurseConnect in South African public
health facilities and the findings show that there were no marked
variations between nurses from different provinces, facility
types, or regions. High smartphone saturation, coupled with the
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nurses use of WhatsApp, the internet, and various medical
apps, reinforced the need to provide quality mHealth solutions
that aretailored to thelocal context. The smartphoneinfiltration
and extensive use of WhatsApp for personal and medical
communication suggested that WhatsA pp should be encouraged
as a NurseConnect channel. To distinguish this platform from
SMS text messaging, media messages (Voice notes, pictures,
and video clips) could be offered as away to enhance the user
experience.

Only 56.4% (62/110) of participants were registered on
NurseConnect. The nurses who were not registered exposed
gaps that should be addressed to successfully scale up the
platform toward 2020 [5,9]. An extensive mixed media
marketing campaign should be used to create awarenessfor the
platform, while existing social networks on Facebook and
WhatsApp should also be leveraged to spread awareness [5].
The need for marketing initiatives and platform training was
reinforced by the lack of mobisite and helpdesk use. Many
participants stated that they were not aware of these platforms
beforethe site visitswere conducted. Participants thought these
platforms would be useful; however, the term “mobisite” was
unfamiliar with participants, and “helpdesk” was associated
with cal-in services, not a 2-way messaging service. Some
participants did not trust information found over the Web and
preferred using reliable apps, so rebranding the mobisite as a
mHealth app, could increase user activity.

| think for an example, in Facebook, there are so

many groups including those who are nurses,

midwives, primary health care. So, maybe one could

paste on Facebook to say there is NurseConnect, this

iswhat they say guys, signin and let’s get, let’s make

it viral. [Nurse, urban CHC]
Similar to the internal NurseConnect representatives, who
registered their colleagues, high-level users can be identified
on these networks and trained as ambassadors or mentors to
create demand for NurseConnect, facilitate discussions, and
assist with registrations [11]; this bottom-up approach should
foster peer-to-peer interactions, while also providing userswith
acontact to facilitate awareness and training for new platforms
[16].

Asidefrom thelack of awareness of the NurseConnect platform,
the biggest barrier to NurseConnect registration, uptake, and
utilization remains the cost of data. Data cost was mentioned
in amost every part of the discussions, as South Africa hasthe
highest data charges out of the 6 largest Telcom markets in
Africa. Data charges in South Africa have been the cause of
much debate and protests by the majority of citizens not just
these health care workers, making thisavery relevant practical
(possibly longer term) challenge, which needs to be addressed
[19]. Asthe NDOH preparesto scale up the provision of facility
mobile phones, subsidized dataor airtime or free Wi-Fi in health
care facilitieswill need to be considered.

The expansion of NurseConnect to all nurses also provides an
opportunity to devel op and tailor new message streams beyond
maternal and child health. Participants suggested incorporating
information about noncommunicable diseases and mental health,
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which are in-line with the WHO country strategy for South
Africa[20].

Limitations

Thisstudy has somelimitations. While we endeavored to collect
information from as many NurseConnect registered users as
possible, we ended up with a smaller number than anticipated
owing to the health care worker confusion around NurseConnect
and MomConnect. Although theidentification of the confusion
was a vauable finding in itsdlf, it did limit the amount of
information we could collect about the NurseConnect
implementation. Second, we did not collect sociodemographic
information, which may have assisted in contextualizing some
of theresultsor opinions presented. Third, although we collected
information from different types of health care facilities across
the country, the results presented are not conclusively
representative of the entire NurseConnect registered health care
population and may lack some differing opinions and
experiences of users from facilities that did not participate in
the evaluation. Finally, this was a qualitative evaluation that
independently investigated health care workers perceptions
and uses of NurseConnect, without examining the efficacy and
outcomes of the platform.
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Abstract

Background: The public health system in Bangladesh has been struggling to provide coverage and utilization of basic maternal
health care services in pursuit of achieving maternal and child mortality-related goals. Interestingly, the rapid popularization of
mobile technology in the country is transforming the landscape of health care access and delivery. However, little is known
regarding the use of mobile phones from the perspective of maternal health care service utilization.

Objective: In this study, we aimed to investigate the prevalence and sociodemographic pattern of mobile phone use for health
services among women and rel ationship between the use of mobile phone use and the uptake of essential maternal health services
(MHSs).

Methods: Cross-sectional data from the Bangladesh Demographic and Health Survey on 4494 mothers aged between 15 and
39 years were used in the analysis. Using mobile phones to get health services or advice was hypothesized to have a positive
association with the uptake of basic MHSs (antenatal care, ANC, facility delivery services, postnatal care) and postnatal care for
the newborn. Data were analyzed using bivariate and multivariabl e techniques.

Results: More than a quarter (1276/4494, 28.4%; 95% CI 26.8-30.3) of the women aged 15-39 years reported using mobile
phones to get health services with significant sociodemographic variations in the use of mobile phones. Analysis of the specific
purposes reveal ed that, in most cases, mobile phones were used to contact service providers and consult with the same about what
to do, whereas a smaller proportion reported using mobile phone for the purposes of arranging money and transportation.
Multivariable analysis showed that compared with respondents who reported not using mobile phones for health care services,
those who used them had higher odds of making 3+ ANC visits and delivering at a health facility. The odds were slightly higher
for rural residents than for those in the urban areas.

Conclusions: Thefindingsof thisstudy conclude that women who use mobile phonesare morelikely to use ANC and professional
delivery servicesthan those who do not. More in-depth studies are necessary to understand the mechanism through which mobile
phone-based services enhance the uptake of maternal health care.

(JMIR Mhealth Uhealth 2019;7(2):€10645) doi:10.2196/10645
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Introduction

The demography of Bangladesh isusually characterized by total
fertility rate and maternal and child mortality [1,2]. Like all
other south Asian nations, widespread poverty, poor health care
infrastructure, inequality in access to care, and low health
literacy constitute some of the major causes of underutilization
of essential maternal health care services (eg, antenatal care,
ANC, and professional servicesfor childbirth) that translate to
higher burden of maternal and child mortality, which is
recognized as a serious public health problem in the country
[1,3,4]. Over the past few decades, the Ministry of Health and
Family Welfare (MoHFW) has developed and implemented
strategies for tackling high maternal and child mortality rates
through programmati ¢ intervention within national (Population
and Health Policy), international (Millennium Devel opment
Goal, 5) [5], andjoint (Maternal and Neonatal Health Initiatives
in Bangladesh) [6] policy frameworks. Millennium Devel opment
Goals progress reports reveal significant gains in terms of
decline in both maternal and child mortality rates with an
estimated reduction of 57% in child mortality and 66% in
maternal mortality [1]. The statisticson essential maternal health
service uptake (Millennium Development Goal 5) on the other
hand appear to be less encouraging because the figures remain
well behind theinternationally agreed targets: increasein facility
delivery between 2001 (9%) and 2010 (23%) and a25% increase
in ANC uptake between 1996-1997 (29%) and 2010 (54%) [7].
Degspite the growing public and private sector initiatives to
promote the utilization of maternal health services (MHSs),
progressis slackened by persistent issues, for example, thelack
of human resources in health care, high out-of-pocket
expenditure, and inequitable access to quality services,
especially among the marginalized and rural population [1].

Amid this multitude of challenges, the hope is that the wide
availability and progressive expansion of mobile and internet
technology could open windows for more expansive and
equitable care delivery to communities otherwise deprived from
accessing basic health care. It is no longer a new concept that
telemedicine or the application of information and
communication technology in the public health sector can
substantially improve the quality of care and efficiency in
administrative and managerial tasks in a cost-effective manner
[8-10]. In developed countries, telemedicine has so far earned
massive popularity as a convenient, cost-effective, and
time-saving platform for almost all aspects of preventive,
curative, and rehabilitative care including obstetrics and
gynecology, psychiatry, and self-management of chronic
noncommunicable diseases. In contrast, mobile health (mHeal th)
technology is still initsinfancy in Bangladesh and other south
Asian nations but has been gaining growing attention among
health and policy experts. Evidence suggests that mHealth is
highly effectivein reducing financial and transportation barriers
and facilitates basic MHSs as well as emergency care during
emergency obstetric referrals in low-income settings [11,12].
Therefore, mHealth is increasingly seen as a key strategy to
promoting maternal and child health in the devel oping countries
[13-16].
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Sofar, countriesin south Asia, especially Indiaand Bangladesh,
have embarked on various electronic health (eHealth) initiatives
(eg, electronic health records at the managerial level) and
provision mHealth services as a means to ameliorate primary
health care services at the population level [17,18]. Although
thefirst eHealth initiative was taken by MoHFW in 1998, since
then, the adoption of this technology has been proliferating
mainly in the private sector where the common servicesinclude
teleconsultation, prescription, and referral [19]. One of the
pioneering private eHealth ingtitution in Bangladesh called
Telemedicine Reference Center Limited was establishedin 1999
with the goa of using mobile phones for health care delivery
[20]. Services including computerization of health facilities
with internet servers and mHealth service for communicating
with health care providerswereintroduced in 2008 [17]. Mobile
phone-based initiative for maternal and child careis more recent
and was launched by Mobile Alliance for Maternal Action
(locally known as Aponjon) in collaboration with MoHFW [21].
Service includes biweekly short message service (SMS) text
messages or voice messages from the beginning of conception
through thefirst birthday of the child on vital health information
targeted at expectant and new mothers and their relatives [21].
The project became functional in 2012 with the vision of
addressing the dire situation of maternal and child health
services in the country.

Despitethe emerging interestsin thisfield, thereisanoticeable
absence of large-scale research studies that are necessary to
generate the evidence base for informing investorsin preventing
the initiation of major pilot projects. In a previous study, we
have shown the regional disparities among urban women in
using mobile phone services for delivery services [1]. In this
study, we aimed to investigate what percentage of women are
using mobile phones for health services and whether seeking
care through mobile phones has any relationship with their
utilization of essential maternal and child health care services
namely antenatal, facility delivery, and postnatal care for the
mother and the newborn.

Methods

Survey and Data Source

We obtained the data for this study from the seventh round of
Bangladesh Demographic and Health Survey (BDHS) 2014.
This survey was implemented through a collaborative effort of
the National Institute of Population Research and Training,
Inner City Fund International, United States, and Mitra &
Associates under the financial auspices of the United States
Agency for International Development, Bangladesh. The main
objectives of the surveys are to provide quality and nationally
representative data on crucia health indicators needed for the
monitoring and evaluation of national health programs and
thereby assisting in policy making, designing public health
programs in the country. BDHS adopted a 2-stage stratified
technique for selecting sample households. In the first stage,
600 enumeration areas (EAs; primary sampling units with an
average of about 120 households) were selected with probability
proportiona to the EA size with 207 EAs in urban areas and
393 in rural areas. In the second stage, a systematic sample of
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30 households on average was selected per EA. This selection
was expected to result in completed interviews with about
18,000 individual women, of whom 17,863 were finally
interviewed yielding aresponse rate of 98%. For this study, we
included only those participants who reported having a
completed pregnancy in the years preceding the survey (Figure
1). Participants gave informed consent before taking part in the
survey. All Demographic and Health Surveys are approved by
Inner City Fund international and an I nstitutional Review Board
in the host country to make sure that the protocols are in
compliance with the US Department of Health and Human
Services regulations for the protection of human subjects. A
more detailed version of the methodology is published elsewhere
[1,3].

Variables

The outcomes variables included 3 maternal variables: ANC,
place of delivery, postnatal care, and 1 newborn care variable
(postnatal care for the baby). These variables are described in
Table 1 along with thelist of independent variables. Thetiming
of first ANC is an important aspect of MHSs, but it was not
available for the 2014 survey.

http://mhealth.jmir.org/2019/2/e10645/
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Data Analysis

Data analyses were carried out using IBM SPSS Statistics
version 24. Before analysis, the dataset was cleaned, tested for
multicollinearity, and checked for cases that fulfilled the
inclusion criteria, experience of at least 1 childbirth in the
preceding 5 years, providing information on mobile phone
usage. Owing to the clustered nature of the survey, we used a
complex sample analysis technique that takes into account the
sampling weight, strata, and clusters. Participants’ demographic
characteristics were presented using frequencies and
percentages. Pearson chi-square testswere performed to examine
the bivariate tests of association between the dependent and
explanatory variables. Variablesthat showed association at P<.1
were retained for multivariable analysis. Binary logistic
regression analyses were used to calculate the odds ratios of
using the 3 types of maternal and postnatal care for newborns.
Both crude and adjusted odds ratios were calculated. At this
stage, P values (two-tailed) were considered statistically
significant only when below .05.
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Figure 1. Flowchart of the sampling procedure.
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Table 1. Description of dependent and independent variables.

Variables

Description

Dependent variables

Antenatal care visits

Place of delivery

Postnatal checkup for mother
Postnatal checkup for baby

Independent variables

Number of antenatal care visits during the last pregnancy. It was categorized as adeguate (4 and 4+) and in-
adequate (0-3)

Place where respondents delivered the most. It was categorized as Home (home of the respondent or rel atives)
and Heath facility (eg, hospitals, clinics, materna health centers)

Mother’s health checkup by a professional after delivery (Yes or No)
Baby's health checkup by a professional after delivery (Yes or No)

Age Age of the respondent. The survey year was categorized into 5-year groups. 15-19, 20-24, 25-29, 30-34, and
35-39.
Division Seven administrative regions: Barisal, Chittagong, Dhaka, Khulna, Rajshahi, Rangpur, and Sylhet
Residency Type of place of current residence: Urban or Rural
Education Educational attainment based on the number of years of formal schooling: Nil, Primary, Secondary, or
Higher
Religion Islam, Hinduism, or others
Wealth index Calculated based on household possession of durable goods (eg, TV, radio, bicycle) and housing quality
(eg, typeof floor, wall, and roof). Each item is assigned afactor score generated through principal component
analysis, which is then summed and standardized for the households. These standardized scores place the
households in a continuous scale based on relative wealth scores. The scores were thus obtained from a
continuous scal e and subsequently categorized into quintilesto rank the household as Poorest, Poorer, Middle,
Richer, or Richest.
Employed Employment status of the respondent: Yes or No
Reads newspaper Frequency of reading newspaper: weekly or less than weekly: yes, and do not read at all: No
Uses TV or radio Frequency of using TV or radio: weekly or less than weekly (Yes) and do not use at all (No)
3TV: television.
they used mobile phonesto contact service providers and consult
Results y P P

The analysis included 4494 women aged 15 to 39 years. The
basi ¢ sociodemographic profile of the participantsis presented
in Table 2. The prevalence of attending 4+ ANC visits was
32.0% (1440/4494; 95% CI 29.5-33.2), facility delivery 40.1%
(1801/4494; 95% CI 38.3-42.1), and postnatal checkup for the
mother 65.7% (2953/4494; 95% Cl 64.0-67.7) and for the baby
64.9% (2917/4494; 95% CI 64.0-67.6; not shown in the table).
More than a quarter (1276/4494, 28.4%; 95% Cl 26.8-30.3) of
thewomen reported using mobile phonesto get health services.
Those who reported ever using a mobile phone to get health
services had significantly higher (P=.01) percentages of making
at least 4 ANC visits or higher (2543/4494, 56.6%; 95% ClI
53.0-60.1) and delivering at ahealth facility (2435/4494, 54.2%;
95% CI 51.8-58.5). Percentages were also higher for postnatal
checkup among mothers and babies but were not statistically
significant.

Respondentswere further asked to describe the specific purposes
for using amobile phone. As shown in Figure 2, in most cases,

http://mhealth.jmir.org/2019/2/e10645/
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with the same about what steps to take, whereas a smaller
proportion reported on the use of mobile phone for the purposes
of arranging money and transportation. The percentage of use
varied dightly between urban and rural residents; rural residents
made phone calls more frequently than their urban counterparts.

Results of multivariate analysis on the association between the
use of mobile phone and uptake of essential MHSs and postnatal
carefor newborn are presented in Table 3. Resultsindicate that
compared with women who reported not using mobile phones
for health care services, those who used had higher odds
(adjusted) of achieving an adequate number (4 and 4+) of ANC
visits (adjusted odds ratio, AOR 1.612, 95% CI 1.309-1.985)
in both urban and rural areas. The odds were dightly higher for
rural residents (AOR 1.700, 95% Cl 1.317-2.194) than thosein
the urban areas (AOR 1.454, 95% Cl 1.034-2.045). The same
was true for delivering at the health facility. Users of mobile
phone for health servicesin rural areas and urban areashad 1.7
times and 1.5 times higher odds, respectively, of delivering at
ahealth facility.
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Table 2. Sociodemographic profile of the participants (N=4494). Bangladesh Demographic and Health Survey 2014. All the percentages are weighted.

Variables Participants Ever used a mobile phone to get health services or advice P value
(N=4494), n (%) Yes No
% 95% ClI % 95% ClI
Number of antenatal carevisits .001
0-3 3054 (68.00) 43.40 39.90-47.00 73.60 71.30-75.70
24 1440 (32.00) 56.60 53.0-60.10 26.40 24.30-28.70
Place of delivery .001
Home 2693 (59.90) 45.80 42.50-48.20 61.40 58.10-64.70
Heath facility 1801 (40.10) 54.20 51.80-58.50 38.60 35.30-41.90
Postnatal checkup for mother 13
No 1541 (34.30) 35.70 32.60-39.10 33.50 31.20-35.90
Yes 2953 (65.70) 64.30 60.90-67.40 66.50 64.10-68.80
Postnatal checkup for baby 14
No 1577 (35.10) 36.50 33.30-39.70 33.30 31.10-35.50
Yes 2917 (64.90) 63.50 60.30-66.70 66.70 64.50-68.90
Agein years .07
15-19 1531 (34.10) 21.00 18.50-23.70 21.0 19.10-23.00
20-24 1147 (25.50) 33.20 30.10-36.60 33.70 31.60-35.90
25-29 608 (13.50) 26.90 24.00-29.90 25.20 23.20-27.30
30-34 939 (20.90) 14.50 11.50-18.20 13.40 12.10-15.00
35-39 269 (60.00) 4.40 3.30-5.80 6.60 5.50-8.00
Division <.001
Barisal 532 (11.80) 6.30 4.90-8.00 5.60 4.70-6.60
Chittagong 862 (19.20) 26.30 23.20-29.70 20.10 17.90-22.40
Dhaka 795 (17.70) 32,50 28.60-36.70 36.40 33.30-39.70
Khulna 531 (11.80) 8.30 7.00-9.90 7.90 6.90-9.00
Rajshahi 546 (12.10) 9.70 8.10-11.50 10.20 8.90-11.60
Rangpur 550 (12.20) 10.10 8.20-12.30 9.60 8.30-11.10
Sylhet 678 (15.10) 6.70 5.10-8.80 10.30 8.50-12.30
Residency <.001
Urban 1451 (32.30) 31.20 27.90-34.60 24.10 22.00-26.40
Rural 3043 (67.70) 68.80 65.40-72.10 75.90 73.60-78.00
Education <.001
Nil 607 (13.50) 6.50 5.00-8.40 17.20 15.40-19.20
Primary 1235 (27.50) 200 17.30-22.90 3110 28.90-33.50
Secondary 2130 (47.40) 56.60 53.10-60.10 44.10 41.60-46.80
Higher 522 (11.60) 16.90 14.50-19.60 7.50 6.50-8.70
Religion <.001
Islam 4134 (92.00) 91.40 89.20-93.20 91.80 90.10-93.30
Hinduism or others 360 (8.00) 8.60 6.80-10.80 8.20 6.70-9.90
Wealth index <.001
Poorest 940 (20.90) 13.70 11.10-16.90 24.80 22.50-27.30
Poorer 855 (19.00) 15.00 12.80-17.50 20.50 18.80-22.40
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Variables Participants Ever used a mobile phone to get health services or advice P value
(N=4494), n (%) Ves No
% 95% ClI % 95% ClI
Middle 860 (19.10) 19.40 16.90-22.10 18.90 16.80-21.30
Richer 946 (21.10) 22.40 19.50-25.70 19.90 18.10-21.90
Richest 893 (19.90) 29.50 26.50-32.70 15.80 14.20-17.60
Employed .01
No 3511 (78.10) 79.80 76.60-82.70 74.90 72.70-77.10
Yes 983 (21.90) 20.20 17.30-23.40 25.10 22.90-27.30
Reads newspapers <.001
No 3776 (84.00) 77.00 74.10-79.70 88.50 86.80-90.00
Yes 718 (16.00) 23.00 20.30-25.90 11.50 10.00-13.20
User of television or radio <.001
No 1796 (40.00) 31.00 27.70-34.50 43.80 41.20-46.30
Yes 2698 (60.00) 69.00 65.50-72.30 56.20 53.70-58.80

Figure 2. Self-reported purposes (%) for using mobile phone among participants. BDHS 2014.
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Table 3. Odds ratios of attending at least 4 antenatal care visits and facility delivery among those who reported using mobile phone for health care

services.

Samplegroup 3+ antenatal care visits Délivery at the health facility ~ Postnatal care (mother) Postnatal care (newborn)
COR? AORP COR AOR COR AOR COR AOR
(95% ClI) (95% ClI) (95% CI) (95% Cl) (95% ClI) (95% ClI) (95% ClI) (95% ClI)

Overal 2032 (1.771- 1.612(1.309- 2.132(1.771- 1.612(1.309- 0.905(0.757- 1.144(1.001- 1.134(0.992- 0.868 (0.728-
2.567) 1.985) 2.567) 1.985) 1.081) 1.308) 1.295) 1.036)

Urban 1.862(1.387- 1.454(1.034- 1.862(1.387- 1.454(1.034- 0822(0.613- 0.931(0.690- 0.904 (0.671- 1.002 (0.737-
2.502) 2.045) 2.502) 2.045) 1.104) 1.255) 1.217 1.360)

Rura 2.021(1.686- 1.700(1.317- 2.152(1.686- 1.680(1.210- 0.974(0.781- 1.062(0.842- 0.898(0.723- 1.006 (0.837-
2.746) 2.194) 2.746) 2.094) 1.214) 1.339) 1.116) 1.208)

8COR: Unadjusted odds ratios.

bAOR: Adjusted for Age, Division, Residency, Education, Religion, Wealth index, Employment, Newspaper, TV or radio use.

Discussion

Principal Findings

In this study, we aimed to measure the prevalence of mobile
phone use for health care services among adult women in
Bangladesh and the association between its use and uptake of
essential maternal health care services and postnatal care for
newborns. Our findingsindicate that little higher than aquarter
of the respondents reported using mobile phones to get health
services. Important sociodemographic variations were observed
in the use of mobile phones. The percentage was noticeably
higher among those aged between 20 and 29 years, those who
were from Dhaka and Chittagong division, those who lived in
rural areas, and those who had primary-secondary level
education. The reason behind this could be that women of this
age bracket are more likely to use mobile and internet
technologies, be concerned about reproductive health, and take
proactive measures to ensure better pregnancy outcomes.
Presumably, the higher percentage in the rural areas can be
indicative of lower concentration of health facilities or lower
provider to patient ratio and consequently higher dependency
on distant consultations over mobile phones. Even those with
no educational attainment reported using mobile phones for
seeking health care advices. Another interesting finding was
that the rate of using mobile phonesincreased linearly with the
wealth quintile of the households with the rate being lowest in
poorest and highest among the weal thiest househol ds, indicating
the mediating role of financial well-being in the association.
Mobile phone use may also play astrong, enabling role among
women lacking accessto urban facilities. Asthefindingsfurther
suggested, the odds of having 3+ ANC visitsand health facility
delivery in relation to mobile phone use were higher among
rural women than urban women. Women who were employed
had lower rates of mobile phone use for health care seeking
purposes, perhaps because they are more empowered or likely
to make direct contacts with health centers. Users of electronic
and print media (TV, radio, and newspaper) were also more
likely to use mobile phones for seeking health care. This
relationship is an intuitive one as print and electronic media
have become important tools for health communication
especialy in the areas of maternal and child health.

http://mhealth.jmir.org/2019/2/e10645/

Bivariate analysis revealed that those who reported ever using
mobile phones to get health services had significantly higher
rates of attending the minimum recommended number of ANC
visits, as well as delivering at a health facility, but not for
postnatal checkup among mothers and babies. These findings
were reaffirmed by multivariable analysis adjusted for potential
confounding variables. The odds of having 3+ ANC visitsand
delivering at a health facility were significantly higher among
the users of mobile phones for health care purposes. These
associations were further investigated by stratifying for urban
and rural areas. It appeared that the odds of availing ANC and
facility delivery serviceswere higher among rural residentsthan
urban residents.

Past Studies and Future Research Directions

Mobile-based health service delivery strategies have attracted
considerable attention as a means of supporting maternal,
neonatal, and child health in developing countries [15,22,23].
There is a growing body of literature documenting the
effectiveness of mHealth inimproving the utilization of MHSs.
However, there remains a dearth of observational and cohort
studies on the effectiveness of mHealth in promoting MHSs in
Bangladesh. Similar to the findings of this study, in a previous
research, we have shown the disparities in the use of mobile
phonesfor seeking childbirth servicesin urban Bangladesh and
found that women using mobile phones for health care were
morelikely to deliver at ahealth facility [1]. A recent trial study
in Ethiopia reported a positive contribution of SMS text
message-based mobile phoneintervention in most of the selected
maternal and child health service indicators, such as
improvement in the percentage of the recommended number of
ANC visits, percentage of deliveries attended by health workers,
and facilitating the work processes of the health workersin rural
areas [24]. Another trial study made similar conclusions based
on the evidence on the effectiveness of voice messages for the
early initiation of MHSs [25]. However, to date, there is no
evidence on the effectiveness of mHealth in promoting all the
components of maternal and neonatal care. Future studies on
mHealth within the context of maternal heath care in
Bangladesh should focus on a broader category of services and
the impact of SMS text messaging services in promoting
maternal health literacy and utilization of essential MHSs.
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General Discussion

Despite increasing local and international commitments to
reducing maternal and child mortality rates, each year, a
remarkably high percentage of women are dying owing to
pregnancy and childbirth complications, a large proportion of
which could have been avoided through providing essential
MHSs [26-28]. In low-income countries such as Bangladesh
where health care systems are fraught with infrastructure and
human resource crises, the application of mHealth technol ogies
remains a huge untapped resource. Health care experts in
Bangladesh are beginning to realize the potential of health
technologies and are developing policies leveraging the
widespread penetration of telecommunication market to address
key public hedth issues especiadly in the areas of family
planning, sexual, and reproductive heath care. However, shifting
from traditional mode of care delivery and management to
technology-driven environments will require an investment in
training telemedicine facilitators and a supply of skilled
professionals[29-31]. Onereview article mentioned that limited
internet bandwidth, high cost of infrastructure, and software
development are some of the main barriers to the adoption of
telemedicine in Bangladesh [17]. For capacity building in this
sector, university and community clinic-based telemedicine
training programs for providers and community dwellers can
prove highly beneficial. Finally, reaping the benefits of these
programs to promote health care especialy among the
marginalized population will require addressing the digital
divide by making sure that people have physical access and the
necessary skillsto properly utilize the technologies [32,33].

Strengths and Limitations

Asfar aswe are concerned, this has been the very first study to
report the sociodemographic pattern of mobile phone use for
health services among women and its relationship with the
uptake of essential MHSsin any developing country. The survey
was representative of the country because the sample population
was selected from all the districtsin the country. Given the low
uptake of materna health care services and expansion of the

Tang et a

telecommunications sector in Bangladesh, studies of this kind
arecrucial to designing mHealth interventionsfor maternal and
reproductive health.

Among the limitations was the cross-sectional and secondary
nature of the data. There was no detailed information regarding
the subjective report on the benefits of using mobile phone for
service uptake. It is also possible that women using mobile
phones were more aware of reproductive health and were
socioeconomically more empowered, which are strong
determinants of using health care services. There is also no
indication regarding the quality of the services and whether the
proportion of women who use mobile phones for health care
purposes experience better reproductive outcomes. Variables
were self-reported and therefore remain subject to reporting or
recall error. Because the information on outcome and
explanatory variables were collected at the same time, our
analysis cannot suggest any causal relationship between the use
of mobile phones and uptake of maternal health care services.
Degspite the limitations, this study offers several important
insights for maternal health care programs in Bangladesh and
callsfor further research to investigate the quality of pregnancy
outcomes among mobile phone users.

Conclusion

Based on the analysis of BDHS (2014), this study found that,
currently, little higher than aquarter of women aged 15-39 years
are using mobile phones to get health services. However, there
are important sociodemographic patters in the use of mobile
phones. Thefindings conclude that women who are using mobile
phonesare morelikely to use antenatal and professional delivery
services than those who do not. Currently, there is not enough
evidence to confirm any strong connection between mobile
phone use and uptake of maternal health care services. More
studies are necessary to replicate these findings. Future studies
should focus on measuring the potential of mHealth technologies
in meeting national maternal health care objectives and health
priorities of the population.
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Abstract

Background: The use of mobile health (mHealth) apps in clinical settings is increasing widely. mHealth has been used to
promote prevention, improve early detection, manage care, and support survivors and chronic patients. However, data on the
efficacy and utility of mHealth apps are limited.

Objective: The main objective of this review was to provide an overview of the available research-tested interventions using
mHealth apps and their impact on breast cancer care.

Methods: A systematic search of Medline, PsyclNFO, Embase, and Scopus was performed to identify relevant studies. From
the selected studies, the following information was extracted: authors, publication date, study objectives, study population, study
design, interventions' features, outcome measures, and results.

Results: Weidentified 29 empirical studiesthat described a health care intervention using an mHealth app in breast cancer care.
Of these, 7 studies were about the use of an mHealth application in an intervention for breast cancer prevention and early detection,
12 targeted care management, and 10 focused on breast cancer survivors.

Conclusions:  Our results indicate consistent and promising findings of interventions using mHealth apps that target care
management in breast cancer. Among the categories of mHealth apps focusing on survivorship, mHealth-based interventions
showed a positive effect by promoting weight loss, improving the quality of life, and decreasing stress. There is conflicting and
less conclusive data on the effect of mHealth apps on psychological dimensions. We advocate further investigation to confirm
and strengthen these findings. No consistent evidence for theimpact of interventions using mHealth appsin breast cancer prevention
and early detection was identified due to the limited number of studiesidentified by our search. Future research should continue
to explore the impact of mHealth apps on breast cancer care to build on these initial recommendations.

(IMIR Mhealth Uhealth 2019;7(2):€10930) doi:10.2196/10930

KEYWORDS

breast cancer care; breast cancer management; breast cancer prevention; breast cancer survivorship; mobile applications; mHealth
applications

Introduction providers. The online app market is open to developers and

allows them to sell or provide their apps free of charge. The

Mobile health (mHeslth) is a method to deliver health care or  CUrTent estimates suggest that there are more than 40,000
related services through portable devices [1] and is broadly ~MHealth apps[2]. According to arecent report by Grand View

accessible and often freely delivered in the app stores of app Research, Inc., the global mHealth market is expected to reach
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US$111.8 hillion by 2025, and thereisagrowing need to reduce
long waiting periodsto access health care services, whichisthe
primary driver responsible for the adoption of mHealth [3].

mHealth apps are extremely relevant for both industrialized
nations and developing countries, as they provide extended
access to health care and health-pertinent information in a
cost-effective way [4]. Scholars and health care professionals
have shown interest in this new technology, and the use of
mHealth in clinical settings is increasing widely [5]. Recent
reviews showed that in cancer care, mHealth apps have been
employed to promote prevention, improve early detection,
manage cancer care, and support cancer survivors [5,6].
Furthermore, research-tested apps offer the unique possibility
of providing accessible information and education at minimal
costs throughout the cancer care continuum [5].

Despite their impressive and promising potential, the utility and
effectiveness of this e-health technology remain unclear.
Scholars have reviewed the use of mHealth appsin several fields
[4,7-10]. Mobasheri et a [4] reviewed 158 mHealth apps for
breast cancer and found that thereis alack of evidence on their
utility, effectiveness, and safety. Most mHealth appslack expert
involvement and do not adhere to relevant medical evidence or
reflect patients’ needs[11]. In addition, given the large number
of available mHealth apps, it seems unrealistic to test each app
thoroughly and scientifically beforeitsrelease[4,5]. A recently
developed mHealth app had negative effects on patients,
augmenting their anxiety after breast cancer surgery [12]. The
mHealth app aimed at providing extensive information to
patients; however, the control patients, who did not use the
application, had lower anxiety levelsthan the test patients, which
correlated to higher quality of life in the former group [12].

The possibilities to enhance positive health outcomes and
promote patients’ feelings of control over their health through
the use of mHealth technology should be fully explored and
tailored to patients' needs [13-15]. Scholars and stakeholders
advocate for more medical professional involvement, inclusion
of patients’ preferences, and specific regulations [4].

The need for integration between research-tested and privately
developed mHealth apps has been widely stressed, as such
integration plays a crucia role in achieving the necessary
fundamentals of effective, evidence-based care [10,16,17].
Research should provide ascientific basisto build elementsthat
can be effective for patient care. It is especially important to
know which mHealth app has been scientifically tested and
provides an overview of the interventions using mHealth apps.
Our focusison mHealth appsin breast cancer care. The present
review aimed to provide an overview of the available evidence
on research-tested interventions using mHealth apps in breast
cancer care. Our findings aim to provide valuable information
to health care professionals, mHealth apps developers, breast
cancer patients, and other stakeholders on the characteristics of
existing research-tested apps used in breast cancer care,
including their advantages and pitfalls, in order to correctly,
effectively, and safely support breast cancer patients.

http://mhealth.jmir.org/2019/2/€10930/
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Methods

Search Strategy and Selection of Articles

An extended bibliographi ¢ search was conducted inthe Medline,
PsycINFO, Embase, and Scopus databases. Thefollowing search
string was used: ((phone OR mobile OR smartphone*) AND
(app* OR application*)) AND ((breast* OR mammary) AND
(cancer* OR neoplasm* OR carcinom* OR tumor*)).

The search was limited to studies published from January 2008
(when the first mobile phone app was created) to September
2018. The review was registered in PROSPERO with the
registration number CRD42017056239. All detected articles
were screened according to the following inclusion criteria
original studies, English language, studies that include the use
of an mHealth app, studies that include patients use of an
mHealth  app, and studies that concern  the
prevention/detection/care management/survivorship of breast
cancer. We excluded studies that used websites, text messaging,
emails, or other technological interventionsthat did not include
mobile apps and studiesthat used mobile appswithout applying
them to breast cancer patients (eg, health care professionalsthat
use mHealth apps).

Data Collection and Extraction Process

A data-extraction form was developed on basis of the Centre
for Reviews and Dissemination templates [18]. Two reviewers
independently extracted the data from the included studies by
using the extraction form. Disagreements in data extraction
were resolved through discussions between the authors until an
agreement was reached. Relevant articles were then selected by
cross-examining and reviewing the articles. Data collected
included information on authors, publication date, intervention’s
features, study design, sample size, outcome measures, and
results. The quality of the quantitative studies was evaluated
independently by two researchers using the Effective Public
Health Practice Project Quality Assessment Tool for
Quantitative Studies [19]. This tool provides a standardized
means to assess the quality of a quantitative study, leading to
an overall methodological rating of strong, moderate, or weak
in eight sections: selection bias, study design, confounders,
blinding, data-collection methods, withdrawals and dropouts,
intervention integrity, and analysis. The quality of the qualitative
studies was eval uated using the Joanna Briggs I nstitute Critical
Appraisal Checklist for Qualitative Research [20]. This
instrument is underpinned by a multi-dimensional concept of
quality in research, and the 10 items assess quality according
to several domains including quality of reporting,
methodological rigor, and conceptual depth and bread.
Discordancesin quality rating were resolved through discussion
between the researchers.

Results

Study Selection

The results of the systematic search are summarized in Figure
1 in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses [21]. We identified a
total of 256 articles (100 from Medline, 9 from PsycINFO, 230

JMIR Mhealth Uhealth 2019 | val. 7 | iss. 2 |€10930 | p.196
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

from Embase, and 129 from Scopus), from which we excluded
212 duplicates. Abstracts and titles were screened to identify
articlesdiscussing an intervention using an mHealth app for the
care of patients with breast cancer, and 69 such articles were
found. Further screening on the basis of the entire text according
to our inclusion and exclusion criterialed to afinal selection of
29 articles.

Study Char acteristics

The 29 studies identified were published between 2011 and
2018. Mgjarity of the studies (n=12) focused on appsfor breast
cancer care management, 10 focused on survivorship, and 7
focused on prevention and early detection.

Jongeriuset a

Ten of the 29 studies were randomized controlled trials, 8 were
prospective cohort studies, 7 were cross-sectional studies, and
4 used qualitative analysis. Using the Quality Assessment Tool
for Quantitative Studies [19], 10 studies were rated as strong;
9, as moderate; and 6, as weak. The 4 qualitative studies
assessed using the Critical Appraisal Checklist for Qualitative
Research [20] revealed a methodological quality that allowed
their inclusion in the review. Two of the 29 studies focused on
the use of an mHesalth app in breast cancer prevention, 5targeted
early detection, 12 were on care management, and 10 focused
on survivors of breast cancer. The sampleincluded in the studies
comprised adult patients in different countries with different
ethnic backgrounds: 14 studiesin North America, 8 in Europe,
and 6 in Asia. Table 1 provides a summary of the features of
theincluded studies.

Figure 1. Flow diagram of identification, screening, eligibility, and inclusion of studies.

http://mhealth.jmir.org/2019/2/€10930/
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Table 1. Description of the characteristics of the studies presented in the review?.
Characteristics  Interventiontarget Samplesize Duration& Intervention components Outcome measures Study
and studies follow-up b
quality
Prevention
Alanzietd To create aware- Intervention 4 weeks, SnapChat app: breast cancer awareness  18-itemquestionnaireon  Moderate
[23] (2018) nessabout breast  group: Measure-  information on mobiles, covering knowl-  breast cancer awareness
cancer N=96; Con- mentsat edge about breast cancer, its symptoms,
trol group: baseline diagnosis process, and available treat-
N=95 and at 4- ments. New information provided three
week fol-  times each week
low-up
Hartmanet Weight loss Intervention 6 months  Combined technology-based self-monitor-  Weight and accelerome-  Strong
a [22] group: ing tools with individualized phone calls:  ter-measured physical
(2016) N=36; Usual Electronic calorie-counting tool (MyFit-  activity
care group: nessPal); 12 phone calls (30 minutes each)
N=18 over 6 months; Accelerometer-based activ-
ity meter that provides real -time feedback
on the number of steps taken and minutes
of moderate-intensity activity (Fitbit)
Early detection
Edenetal Tohelpwomenin N=75 Beforeand Thedecision aid (Mammopad) included  Decisiona conflict; Deci- Moderate
[24] (2015) their 40sgain after useof educational modules on breast cancer, sion self-efficacy scale
deeper insightsinto the app mammography, risk assessment, and pri-
their priorities for (sameday) ority setting about screening
screening and pre-
parethemto dis-
Cuss mammogra-
phy screening with
their health care
providers
Heoetd To encourage N=45 Beforeand A mobile phone app developed with Survey: increased breast  Weak
[25] (2013) breest sHf-examina- after useof functionsincluding abreast self-examina-  self-examination
tion the app tion date alarm, areminder to encourage
mother and daughter to practice breast
self-examination together, record keeping,
and educational content with video clips
Keohaneet Toimprove risk Intervention Measure- A mobile phone app displaying dataon B¢ Breagt Cancer Risk  Strong
al [26] perception group: mentsbe-  risk of developing breast cancer aswell g4 yati on; Perception of
(2017) N=42;Usua forethe asrisk of carrying the BRCA gene risk: “ Patient Survey on
caregroup:  counseling Risk Perception of Breast
N=42 session Cancer and Health Literar
(T), after oy
thecounsd-
ing
session
(T2),and 6
weeks later
(T3)
Leeeta Toincreaseknowl- Intervention 1 week; mMammogram: Each day participantsre- Knowledge, attitudes, Strong
[27] (2017) edge and aware- group N=60 Mesasure-  ceived 8-21 messages covering various  and beliefs about breast
nessand promote  ygug care = Mentsa topical areas, including breast cancer, cancer screening, readi-
mammogram group N=60 baseline, 1  screening guidelines, and typesof screen-  ness for mammaography,
screening week, and  ing; breast cancer risk factors; individual, and mammogram receipt;
6 months  structural, and cultural barriersto screen-  Feasibility and acceptabil-
ing; communication strategies; follow-up ity of themMammogram
for test results; and information onlocal  intervention
clinics. Messages followed atrajectory
from basic knowledge building to specific
strategies aimed to enhance motivation for
and access to mammaography
Care management
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Characteristics  Interventiontarget Samplesize Duration&  Intervention components Outcome measures Study
and studies follow-up b
quality
Leeeta Toincreaseknowl- N=14 1 week mMammogram: Each day participantsre- Thematic anadysiswas  Included
[28] (2018) edge and aware- ceived 8-21 messages covering various  used to analyze datafrom
ness and promote topical areas including breast cancer, focus groups
mammogram screening guidelines, and types of screen-
screening ing; breast cancer risk factors; individual,
structural, and cultural barriers to screen-
ing; communication strategies; follow-up
for test results; and information on local
clinics. Messages followed atrajectory
from basic knowledge building to specific
strategies aimed to enhance motivation for
and access to mammaography
Egbringet Collection of pa=  Control 3visits Mobile and Web app to record daily Functiona activity; East-  Strong
al [29] tient-reported daily  group: functional activity and adverse events: ern Cooperative Oncolo-
(2016) functional activity N=41; Unsu- Patients could report daily functional ac- gy Group scoring; Com-
pervised in- tivity or symptoms with indication of mon Terminology Crite-
tervention severity riafor Adverse Events
group:
N=45; Super-
vised inter-
vention
group: N=41
Foleyetal Todecreaseanxi- Intervention Measure-  AniPad app containing tailored informa= Mini-Mental Adjustment Moderate
[12] (2016) ety levelsof pa- group: ment one  tion on surgery pertaining to individual to Cancer questionnaire;
tientsundergoing  N=13; Con- day before, patients Hospital Anxiety and
surgery through trol group: one day af- Depression Scale; Infor-
educational materi- N=26 ter, and 7 mation Satisfaction
as days after Questionnaire
surgery
Harderet  Tooptimizeself- N=3 8 weeks; bWell is an evidence-based program pro-  Questionnaire capturing  Weak
al [39] management of Measure-  viding progressive exercises for passive  users’ feedback and eval -
(2017) arm and shoulder ment at the and active mobilization, stretching, and  uating content, function-
exercises for up- end of the  strengthening. ality (including ratings),
per-limb dysfunc- study App featuresincludetailored information, and explored areas of
tion after breast video demonstrations of the exercises, ~ 'Mprovement
cancer treatment push notifications, and tracking and
progress features
Hwang Tocommunicate  Intervention 1,3,7,and A virtua care platform that consistsof a  Lessreadmissiontothe Moderate
[30] (2016) and shareimages  group: 14 daysaf- mobile phone app and secure password-  hospital; Use of mobile
of thewound post- N=35; Con- ter surgery protected online account (Medeo app). phone app for question;
operatively trol group: Patients can take photos of their wounds  Improved perceived care
N=37 postoperatively and send them to the sur-
geon using the mobile phone app. The
surgeon then responded to each patient
message within 24 hours.
Kimetal  Tocollect and N=78 48 weeks A mobile mental health tracker (part of Patient Health Question- Moderate

[31] (2016)

track daily mental
health indicators
for depression

Pit-a-Pat app) that usesthree daily mental
health ratings (sleep satisfaction, mood,
and anxiety) asindicators for depression

naire-9; Adherence level
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Klasnjaet Managecare-relat- N=9 4 weeks, A web component (HealthWeaver web-  Qualitative thematic Included
al [34] ed information Measure-  site) to manage persona and healthissues. analysisof interviews (at
(2011) ment at It provides a calendar to manage health- 2 weeks and 4 weeks) +
baseline, 2  related events; functionality for organizing demographicsand experi-
weeks, and notes, lists, bookmarks, and care-related  ence with technology
4 weeks files; atracking system for symptoms, questionnaires (at base-
pain, and well-being; and logsfor medica-  line)
tions, supplements, and the care of post-
surgery wounds. A mobile component
(HealthWeaver Mobile) through which
patients can create, edit, and view thein-
formation stored in the website; share
them with family membersand health care
professionals; create photo, audio, and text
notes and link those notes to related ap-
pointments; and synchronize the app cal-
endar to the phone's calendar app
Mineta Sleep disturbance- N=30 90 days App (Pit-a-Pat) developed to self-report  Compliance to use of Moderate
[32] (2014) related datacollec- three health experiences that may be mobile app
tion from breast caused by breast cancer diagnosis and
cancer patientsre- treatments: sleep-disturbance symptoms
celving chemother- related to mild depression, acute symp-
apy tomsrelated to cytotoxic chemotherapeutic
agents, and medication diary for antihor-
monal treatment
Roseneta Todecrease physi- Intervention 8 weeks; Mindfulness meditationtrainingwasdeliv- The Brief Pain Invento-  Strong
[37] (2018) cd and psychologi- group: Measure-  ered through a commercially available ry - Short Form-32; The
cal distressandim- N=57; Con- ment at mindfulness app (Headspace) that uses  Brief Health Literacy
prove the quality  trol group: baseline, audio and animated video Screening Tool; The
of life N=55 during in- eHedlth Literacy Scale;
tervention Functional Assessment
5- of Cancer Thera-
weeks), af- py—Breast version,
ter interven- Mindful Attention
tion (9 - Awareness Scale; App
weeks), utilization
and fol-
low - up
a2 -
weeks)
Wallwiener Tablet-based mea- N=106 Not avail-  e-Patient-Reported Outcome versionsof  Electronic and paper- Strong
et a [38] surement app for able the EORTC QLQ—CBOd questionnaires based versions of the
(2017) EORTC QLQ- health-related quality of
c30¢ life EORTC QLQ-C30¢
questionnaire
Weaver et Redl-timesymp-  N=26 8timesfor Patients completed a symptom, tempera-  Medication dose and Weak
al [33] tom monitoring of 3 weeks ture, and dose diary twiceaday usinga  monitoring side effects
(2014) patients receiving mobile phone app. This information was

oral chemotherapy

encrypted and automatically transmitted
in real time to a secure server, with mod-
erate levels of toxicity automatically
prompting self-care symptom management
messages on the screen of the patient’s
mobile phone or in severe cases, acall
from a specialist nurse to advice on care
according to an agreed protocol
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Zhueta To addresswom-  N=13 12 weeks,  Breast Cancer e-Support with four compo-  Inductive content analy-  Included
[35] (2018) en's self-efficacy, Measure-  nents: aLearning forum, aDiscussionfo- sisof theinterviews
social support, ments at rum, an Ask-the-Expert forum, and a Per-
symptom distress, theend of  sonal Storiesforum.
quality of life, anx- interven-
iety, and depres- tion
sion
Zhueta To addresswom-  Intervention 12 weeks;  Breast Cancer e-Support with four compo-  Self-efficacy: Stanford ~ Strong
[36] (2018) en'sself-efficacy, group: Measure-  nents: aLearning forum, aDiscussion fo- Inventory of Cancer Pa-
social support, N=55; Con- mentsat rum, an Ask-the-Expert forum, and aPer- tient Adjustment; Social
symptom distress,  trol group: baseline, sonal Stories forum. support: Multidimension-
quality of life, anx- N=49 after 3 al Scale of Perceived So-
iety, and depres- months, cial Support; Symptom
sion and after 6 distress: MD Anderson
months Symptom Inventory;
Quality of life: Function-
al Assessment of Cancer
Treatment-Breast; Anxi-
ety and depression: Hos-
pital Anxiety and Depres-
sion Scale
Survivor ship
Ainsworth  Tomeasuretime  N=40 5 days Time-use measurement app (LifeinaDay) Questionnaire assessing Moderate
et a [44] use to further re- functionality and satisfac-
(2018) search testing on tion with the time use
how to optimize app and Frequency of
physical activity Forgetting scale
promation
Buscemi et Toincreasehedth- N=25 4 weeks Intervention delivered through MyGuide  Functional Assessment  Moderate
al [48] related quality of app, focused on enhancement of psychoso-  of Cancer Therapy—Gen-
(2018) lifein Hispanic cial adaptation after breast cancer; cancer eral Seven Engagement;
breast cancer sur- knowledge; stressawarenessand manage-  Acceptability survey;
vivors ment; social support; and communication Knowledge about Breast
with friends, family, and oncology Cancer questionnaire
providers.
Two to three 15-minutetel ecoaching calls
to facilitate adherence to the MyGuide app
Fazzinoet Weight loss N=186 6 months  Three-phase intervention: a 6-month Qualitative thematic Included
al [40] weight-loss phase (0-6 months) whereall analysis
(2015) participants received weekly group phone

sessions, a 12-month weight-loss mainte-
nance phase (6-18 months) in which par-
ticipants were randomized to continue
group phone sessions or a newsl etter
comparison condition, and a 6-month no-
contact follow-up phase (18-24 months)
to evaluate the sustained effects
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Lengacher Toimprovepsycho- N=15 6weeks,  The mMBSR(BC)® providinga2 - hour ~ Fatigue SymptomInven-  Weak
et d [47] logical and physi- Measure-  gacqion intervention weekly for 6 weeks tory; Brief Pain Invento-
(2018) cal symptoms of ments at viaiPad. ry; Pittsburgh Sleep
depression, anxi- baseline o Quality Index; Center for
ety, stress, fear of andat 6 - Week_ly mOdl.Jle?‘ on for_mal_ medltatl_ve Epidemiological Studies
recurrence, cogni- week fol- teChT“qu (sitting meditation, walking Depression Scale;
tive functioning, low - up medltat! on, body_ scan, and gentlg H_atha State - Trait Anxiety In-
sleep, fatigue, pain, yoga) V"’%V' Qeo files gnd IecFures m .' nfor- ventory; Perceived Stress
and quality of life mf"'l medltatl\_/e tech_nqu!es (i nt_egr_atlng_ Scale; Concerns about
mi n.dfu.l nessinto daily life activities) via Recurrence Scale; Every-
audio files day Cognition; Five
Facet Mindful ness Ques-
tionnaire; Medical Out-
comes Studies Short -
Form; Acceptability and
usability ratings
Lozano- To assess, monitor, N=20 8 days The BENECA' mHealth app records diet  Physical activity mea-  Weak
Lozanoet andfacilitateadher- and physical exercise and provides daily sured with tri-axial ac-
al [45] ence to healthy notification about energy balanceand ~ Celerometers; Dietary
(2018) lifestyles physical activity and dietary recommenda- habits: dietary records
tions and 24-hour dietary re-
cals
McCarroll  Lifestyle program  N=50 4 weeks A “betd’ health care provider version of  Body massindex; Waist Moderate
etd [41] on nutrition quali- the app Loselt! to deliver acomprehensive  circumference; Anthropo-
(2015) ty, physica activi- lifestyle program with emphasis on nutri- metrics; FACT-Gf;
ty, and eating self- tion quality, physical activity, and eating  \ acronutrient consump-
efficacy self-efficacy by amultidisciplinary team  jon: physical activity
that provided real-time feedback notifica- patterns, Weight Efficacy
tions Lifestyle questionnaire
Popeeta  Toimprovephysio- N=10 10 weeks, A combined mobile phone app (MapMy- Physical Activity Readi- Weak
[46] (2018) logical, psychoso- Measure-  Fitness) and Facebook-delivered health  ness Questionnaire; Ac-
cial, and quality of ment at behavior change intervention ceptability survey; Physi-
life outcomes baseline cal activity level/energy
and after expenditure via Acti-
interven- graph GT3X"+ ac-
tion celerometer; Weight and
body fat percentage; Car-
diovascular fitness (YM-
CA 3-min Step Test);
Patient Reported Out-
come Measurement Infor-
mation System; Self-effi-
cacy for exercise scale;
Adaptation of the Pa-
tient-Centered Assess-
ment and Counseling for
Exercise questionnaire;
5-item physical activity
enjoyment measure; 14-
guestion measure on
physical activity barriers;
Outcome expectancy
Uhmeta Toimprovephysi- Intervention 12weeks  Mobile phone exercise app (Smart After  International physical ac-  Strong
[42] (2016) cal function and group: Care) and an InBodyBand pedometer tivity questionnaire short
quality of life N=179; Con- form; EORTC-QLQ-
trol group: c30% Quality of Life
N=177

Questionnaire - Breast
Cancer Module 23
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Valeeta Weightgainpre- Intervention Baseline, 3 Bothintervention groupsreceived aface- Weight changeand daily Strong
[43] (2017) ventioninterven-  group: months, to-faceindividual session; aBluetoothand self-weighing perception
tion in African- N=11; Inter- and 6 Wifi-enabled wireless scale with access
American breast  vention+ac- months to a companion mobile app and website
cancer survivors  tivity moni- with graphs of weight trends; 24 weekly
toring group: email-delivered behavioral lessons; and
N=13; Con- 24 weekly emails with tailored feedback
trol group: on self-weighing and weight data
N=11
Visser et al  To provide profes- Intervention 3 months ~ My-GMC intervention: aface-to-face Symptom Checklist-90;  Strong
[49] (2018) sional and peer group: Measure-  9roup medical consultation combinedwith  Dutch Empowerment
supporttobreast  N=59; Con-  nentsat an online app, providing threeonlinesup-  Questionnaire for breast
cancer survivors  trol group: bassline (1 port group sessions and additional infor-  cancer patients; Cancer
N=50 week prior mation Worry Scale; EORTC-
tothevisit) QLQ-C30% EORTC-
(T0), 1 BR23Y; Medication Ad-
week (T1), herence Report Scale;
3 months Self-reported usage
(T2), and 6 o h
months &f - stetistics; QUOTE ques
ter the visit tionnaire; Intgrventl on-
(T3) specific questions

3A detailed table showing features of the extracted studies is available in Multimedia Appendix 1.

PThe quality of the study was rated using the Effective Public Health Practice Project Quality Assessment Tool for Quantitative Studies [19] and the
Joanna Briggs Institute Critical Appraisal Checklist for Qualitative Research [20].

CIBIS: International Breast Cancer Intervention Study.

dEORTC-QLQ-C\?»O: European Organization for Research and Treatment Cancer Quality of Life Questionnaire - Core 30.
€ mMBSR(BC): mobile Mindfulness-Based Stress Reduction for Breast Cancer.

'FACT-G: Functional Assessment of Cancer Therapy - General.

9EORTC-BR23: European Organization for Research and Treatment Cancer Quality Of Life Questionnaire - Breast Cancer Module.

hQUOTE: Quiality of Care Through the Patient’s Eyes

mHealth in Breast Cancer Prevention and Early
Detection

We identified 7 papers in the area of breast cancer prevention
and early detection [22-28]. Hartman et al [22] designed a
randomized study to test a weight-loss intervention to reduce
the risk of breast cancer. The intervention combined
technology-based self-monitoring apps with individualized
phonecalls. In particular, the intervention entailed an electronic
calorie-counting tool, an accelerometer-based activity meter
that provides real-time feedback of the number of steps taken
and minutes of moderate-intensity activity, and 12 phone calls
(30 minutes each) over the 6-month intervention period. After
6 months, the 36 participantsin the experimental group had lost
significantly more weight and a greater percentage of starting
weight than the control group.

SnapChat, a social networking mobile app used to deliver
educational material on breast cancer through videos, texts, and
pictures, increased breast cancer awareness among female
students in the Dammam region of Saudi Arabia[23]. Eden et
al [24] studied decisiona conflict and self-efficacy in 75 women
before and after the use of amammography screening decision
aid in the form of an mHealth app and showed that the use of
the mHealth app decreased the decisional conflict and increased
the decisional self-efficacy. Heo et a [25] developed an mHealth

http://mhealth.jmir.org/2019/2/€10930/

app to encourage breast self-examination. The mHealth app
included a breast self-examination reminder, a record-keeping
function, and educational features. After using the app, the
number of participants who practiced breast self-examination
increased from 28 to 32. However, participants below the age
of 30 years performed a significantly higher number of breast
self-examinations and more appropri ate self-examinations than
participants aged above 30 years.

An mHealth app developed to convey risk information to
patients attending a high-risk breast cancer clinic resulted in
increased accuracy inrisk perception compared to standard risk
counselling [26]. Leeet d [27] tested the efficacy and feasibility
of mMammogram, an intervention entailing tailored multimedia
messages to increase knowledge and awareness and promote
mammogram screening among Korean-American immigrant
women. The intervention group showed greater knowledge of
breast cancer and screening guidelines, readiness for
mammography use, and greater satisfaction with the
intervention. At the 6-month follow-up, 75% of women who
received the mMammogram intervention completed the
mammograms compared to 30% of the women in the control
group. Focus groups with women in the intervention group
supported the fact that mMammogram enhanced the
understanding of breast cancer and screening through
mMammogram and that health navigators promoted free or

JMIR Mhealth Uhealth 2019 | val. 7 | iss. 2 |€10930 | p.203
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

low-cost mammograms and scheduling of mammogram
appointments [28].

mHealth and Care M anagement

A total of 12 papers investigating the use of mHealth appsin
breast cancer care management emerged from our review and
focused on care management and monitoring of treatment side
effects[29-33]; personal data management [34]; psychological
aspects, socia support, and health-related quality of life[35-38];
physical activity [39]; and educational aspects[12]. ThemHedlth
apps that included the monitoring and care management of
treatment side effects covered wound monitoring [30], sleep
quality collection [32], daily functional activity stabilization
[29], mental health tracker [31], and chemotherapy dose
adaptation [33]. These apps were developed for and focused on
reliable collection and communi cation of rel evant breast cancer
data from patients and oncol ogists.

Inthe Hwang's study [30], a postoperative wound e-monitoring
app significantly decreased the number of readmissions to the
hospital, unscheduled visits to the emergency department, or
walk-in clinic visits. The mHealth app intervention is a virtual
care platform that consists of a mobile phone app and secure
password-protected online account that allowed patientsto take
a photo of their wounds postoperatively, attach the photos to
electronic messages, and send them to the surgeon using the
mobile phone app. The surgeon then responded to each patient’s
message within 24 hours. A vast mgjority (95%) of patientsfelt
that el ectronic wound monitoring improved their care and would
recommend such technologiesto a friend or colleague. Min et
a [32] anayzed the feasibility of and compliance with an
mHealth app for collection of sleep disturbance-related data
from breast cancer pati ents receiving chemotherapy. Participants
self-recorded three health experiences—sleep-disturbance
symptoms related to mild depression, acute symptoms related
to cytotoxic chemotherapeutic agents, and medication diary for
antihormonal treatment—that may be caused by breast cancer
diagnosis and treatments. The overall compliance during the
90-day longitudinal collection of daily self-reporting of
sleep-disturbance datawas approximately 45%, confirming the
feasibility of the intervention; women without any form of
employment exhibited a higher compliance rate. No other
associ ation between patient characteristics and compliance was
found. Anintervention using an mHealth app on patient-reported
daily functional activity in both supervised and unsupervised
settings showed that the use of the mHealth app in collaboration
with physicians was associated with stabilized daily functional
activity and fewer and more precise entries than the
unsupervised use of the mHealth app. The mHealth and Web
app alows patients to record daily functional activity or
symptoms with an indication of severity [29]. Kim et a [31]
evaluated the validity and screening performance of an mHealth
app for depression, which collected self-reported mental health
ratings from patients with breast cancer. The app tracked three
mental health indicatorsfor depression (deep satisfaction, mood,
and anxiety) daily, and the results strongly supported the
potential of amobile mental health tracker asatool for screening
depression in patients with breast cancer. An mHealth app
devel oped to collect and monitor real-time symptomsin patients
receiving oral chemotherapy showed that both patients and
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oncologists felt reassured by the use of the mHealth app [33].
In the intervention, patients were required to complete a
symptom, temperature, and dose diary twice a day using an
mHealth app. Thisinformation was encrypted and automatically
transmitted in real timeto asecure server, with moderate levels
of toxicity automatically prompting self-care
symptom-management messages on the screen of the patient’s
mHealth phone or in severe cases, acall from aspecialist nurse
to advice about care according to an agreed protocol [33].

Klasnja et a [34] tested the feasibility of an mHealth app for
datamanagement. The mHealth app included aweb component
and amobile component. Using the mHealth app, patients could
create, edit, and view the full range of information stored in the
website and share them with family members and health care
professionals. In addition, patients could create photo, audio,
and text notes to quickly capture information and immediately
link those notes to related appointments. The mobile app
synchronized the app calendar to the phone’s native calendar
app, allowing patients see their care events alongside their other
commitments. Their study highlighted an empowering effect
of mHealth analysis.

Harden et al [39] developed bWell, a mobile phone application
intervention to optimize self-management of arm and shoulder
exercises for upper-limb dysfunction after breast cancer
treatment. User testing demonstrated ease of use along with
clear, engaging, and motivating content.

Zhu et al explored the effectiveness of Breast Cancer e-Support,
an app-based program, to address women'’s self-efficacy, social
support, symptom distress, quality of life, anxiety, and
depression [35,36]. The app-based intervention was found to
be more effective than usual care in promoting women's
self-efficacy and quality of life and decreasing symptom burden
during chemotherapy. The mHealth app did not show any
advantage over usual care in terms of social support, symptom
severity, anxiety, and depression. In addition, the beneficial
effects were not sustained at the 6-month follow-up [36].
Analyzing qualitativeinterviews, Zhu et al [35] highlighted that
participants perceived the program to be helpful in enhancing
knowledge, improving confidence level, and promoting
emotional well-being. The most prominent benefit was access
to tailored advices from experts, whereas the barriers to use
were the physical or psychological health status and app
instability. Participants suggested implementing message
reminders and a search engine to add more interesting and
practical knowledge and updating the information more often.

The use of amindfulness meditation training delivered through
a commercially available mindfulness app called Headspace
that uses audio and animated video improved quality of lifeand
decreased physical and psychological distress[37]. Wallweiner
et al [38] analyzed thereliability of atablet-based measurement
app for the European Organization for Research and Treatment
Cancer Quality of Life Questionnaire - C30, a measure of
health-related quality of life in patients with metastatic breast
cancer. The electronic version of this measure was reliable for
patients with both adjuvant and metastatic breast cancer,
showing a high correlation in amost al questions of the
guestionnaire.
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Foley et a [12] educated patients about breast cancer surgery
by using an mHealth app that provided information on the
surgery procedure tailored to individual patients. They found
that at 7 days after surgery, participantswho were more educated
about their breast cancer surgery procedure experienced more
anxiety than the control participants.

mHealth in Survivor ship

In this review, we identified 10 studies focusing on the use of
mobile phone apps among breast cancer survivors. All 10 studies
aimed at assessing lifestyle changes, in particular, improving
physical activity and reinforcing weight loss [40-46]; reducing
stress[47]; improving health-related quality of life[46,48]; and
providing information, support, and attention for psychosocial
issues [49]. Of the 10 studies, 4 found significant effects of the
mHealth apps on weight loss [41-43,46]. McCarroll et al [41]
assessed a 1-month lifestyle intervention using a Web and
mHealth weight-loss app called Loselt! Thisintervention placed
emphasis on the nutritional quality and physical activity and
showed significant reductionsin body weight and improvements
in eating self-efficacy.

Uhm et a [42] tested and compared a 12-week home-based
program of aerobic and resistance exercises using a mobile
phone exercise app and a pedometer with a conventional
exercise program using a brochure. Physical function, physical
activity, and quality of life significantly improved regardless
of the intervention method, and changes were not significantly
different between the two interventions. The feasibility and
preliminary efficacy of two self-regulation interventions using
the mHealth app and website aswell astail ored feedback emails
to prevent weight gain among African-American breast cancer
survivors were evaluated [43]. The interventions focused on
daily self-weighing and used objective monitoring and tailored
feedback about weight and physical activity. Both the
interventions were successful in controlling weight, and both
intervention groupsindicated highly positive perceptions about
the intervention; in addition, 100% of participants would
recommend the program to other breast cancer survivors.
Preliminary findings of an intervention combining the use of a
mobile phone app and Facebook-delivered health education
material showed an increase in physical activity and decrease
in weight and body fat percentage [46]. Fazzino et a [40]
performed athematic qualitative analysis and identified themes
related to successful weight loss in breast cancer survivors
undertaking a group phone-based weight-loss intervention.
Examples of themes that emerged are the importance of being
part of agroup and internal motivation. BENECA mHealth, an
application for remotely assessing and monitoring energy
balance in breast cancer survivors, showed positive agreement
with daily, 24-hour dietary recalls and accelerometer data[45].
Ainsworth et a [44] assessed the acceptability of a 5-day trial
of amobile phone app for measuring time usein order toinform
physical activity measurement and promotion interventions.
Majority of the participants agreed that |earning to use the app
was easy, and most preferred to use the app over the
paper-and-pencil diary method of record. The 6-week
mindful ness-based stressreduction for the breast cancer program
delivered via a tablet proved to significantly improve the
psychological and physica symptoms of depression, state
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anxiety, stress, fear of recurrence, sleep quality, fatigue, and
quality of life [47]. Buscemi et a [48] pilot-tested a mobile
phone-based intervention to boost health-related quality of life
in Hispanic breast cancer survivors in the United States.
Participants' knowledge on breast cancer and health-related
quality of life increased over the course of the 4-week
intervention. A mobile phone app combined with a social
media-delivered health behavioral change intervention promoted
the improvement of severa physiological, psychosocial, and
quality of life outcomes over the course of 10 weeks [46]. For
example, it improved physical activity and the ability to engage
in socia roles [46]. The blended care intervention My-GMC,
which combinesaface-to-face group medical consultation with
an online app, positively influenced provision of information,
support, and attention for psychosocial themes. However, no
significant effects on psychological distress and empowerment
were observed as compared to usua care [49].

Discussion

Considering the increasing number of mHealth apps available
to patients and their increasing use in breast cancer care, it is
important to understand their effects. Therefore, we conducted
a systematic review on studies that scientifically tested
interventions using an mHealth app for breast cancer care. We
identified a total of 29 studies, which encompassed important
phases in breast cancer care and addressed prevention and
survivorship.

Overall, theresults of the studies on the mHealth appsfor breast
cancer care were promising. Majority of the identified studies
in patients' care management showed a positive impact of the
use of mHealth apps. Many hopeful opportunities offered by
the mHealth appsrely in the amelioration of the communication
process between patient and doctors, favoring an effective
exchange of information [33,34]. Positive effects of
mHealth-based interventions on health-related quality of life
[36,38] and stress reduction [37] have been reported among
patients receiving treatment. However, the role of
mHealth-based interventions in the psychological impact of
treatment is unclear. Only two studies addressed this topic
[12,36] but showed no advantage of social support, anxiety, and
depression [36] and highlighted an alarming detrimental effect
of providing educational material about surgery treatments on
patients anxiety levels[12].

The number, quality, and findings of studies identified by our
search highlight the fact that mHealth technology may play a
relevant role in the care of breast cancer survivors. Evidence
points to a positive effect of mHealth-based interventions on
promoting weight loss [41-43,46], stemming stress, and
sustaining the quality of life [44,46,48,49]. However, no
convincing data are available on the benefit of mHealth for
enduring adverse psychological sequel [46,49]. The restricted
number of studies and methodological differences partially
account for the heterogeneity of results.

mHealth technology may result in interesting opportunities to
improve the lifestyle of individuals at risk of breast cancer and
support the spread of knowledge and awareness of breast cancer.
However, there is no consistent evidence of the impact of
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interventions using mHealth apps in breast cancer prevention
and early detection due to the limited number of studies
identified by our search. Despite the high quality of the studies,
only one study considered an mHealth-based intervention in
breast cancer prevention [22], and therefore, no strong
conclusion can be drawn.

Several aspects have to be considered, as they may limit the
generalizability of our results. The heterogeneity in the focus
of the included studies may affect the strength of our results
and conclusions. Regarding the design and quality of the studies
included in our study, a considerable number of studies were
feasibility or pilot studies[25,32,33,41,43], which restricted the
strength of their results. The data indicate that more evidence
isneeded to clarify the benefit of mHealth technology for breast
cancer care. Examples of the need for more evidence are
provided in the studies of Foley et a [12] and Heo et a [25],
who found that the effects of their mHealth apps were contrary
to what they intuitively expected based on the literature on the
effect of education in managing treatment side effects and
facilitating adaptation in women with breast cancer [50,51].
Foley et al [12] hypothesized that more information regarding
breast cancer would decrease anxiety levels before and after
breast cancer surgery. However, their preliminary results showed
that women who used the mHealth app experienced higher
anxiety levels at 7 days after the surgery than women in the
control group. Similarly, Heo et al [25] hypothesized that the

Jongeriuset a

use of the mHealth app would augment women'’s intentions to
regularly perform breast self-examination. This appeared to be
true only for women younger than 30 years of age. In contrast,
in women older than 30 years, the intention to perform a breast
self-examination decreased. A possible explanation of these
results may lay in the study design, the sample size, the method
used to deliver the program, or the outcomes measures.

Despite the aforementioned limitations, the present study shows
promising results for the inclusion of mHealth apps in breast
cancer care, but also calls for caution when implementing
interventions using mHealth technology. The effects of using
mHealth apps in the field of breast cancer are only recently
explored and may be unpredictable. Few evidence-based
interventions are described in the literature, and therefore, there
is a need for good-quality clinical studies to guide future
implementations.

Our considerations build upon previous evidence highlighting
the need for strict regulationsin thisfield and asolid integration
between privately tested and research-tested mHealth apps[4,6].
Breast cancer patients should, at all times, be safely assisted
with regard to effective management of their health. Therefore,
apps need to be extensively research tested before making them
available to the public. Scientifically sound data are needed to
draw strong conclusions on the utility, effectiveness, and safety
of mHealth apps in breast cancer care.
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Abstract

Background: Young people living with juvenileidiopathic arthritis (JIA) face anumber of communication barriersfor achieving
optimal health as they transition from pediatric care into adult care. Despite growing interest in mobile or wirel ess technol ogies
to support health (mHealth), it is uncertain how these engagement tools might support young people, their families, and care
teams to optimize preference-based treatment strategies.

Objective: Thisstudy aimsto examine how an mHealth patient support system (mPSS) might foster partnership between young
people living with JIA, their families, and care teams.

Methods: Semistructured interviews with young people (5-15 years old), their families, and JJA care teams were conducted
using researcher-developed interviews guides. Transcribed data were qualitatively analyzed using conventional content analysis.

Results:  We conducted semistructured interviews with 15 young people, their parents, and 4 care team members. Content
analysis revealed the potential of an mPSS to support productive dialogue between families and care teams. We identified four
main themes: (1) young people with JIA face communication challenges, (2) normalizing illness through shared experience may
improve adherence, (3) partnership opens windowsinto illness experiences, and (4) readiness to engage appears critical for clinic
implementation.

Conclusions: A human-centered mPSS design that offers JJA patients the ability to track personally relevant illness concerns
and needs can enhance communication, generate consensus-based treatment decisions, and improve efficiency and personalization
of care. Technology that supports continuous learning and promotes better understanding of disease management may reduce
practice burden while increasing patient engagement and autonomy in fostering lasting treatment decisions and ultimately
supporting personalized care and improving outcomes.

(JMIR Mhealth Uhealth 2019;7(2):€10401) doi:10.2196/10401
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Introduction

Young peopleliving with juvenileidiopathic arthritis (JIA) face
a number of communication barriers for achieving optimal
health. JIA isone of the most common acquired chronic diseases
during childhood and affects both short-term and long-term
disability. JJA may develop at any age during childhood, and
girls are more often affected than boys. Nomenclature as well
as classification of JJA have been controversial. In an attempt
to develop globally accepted terminology and criteria, the
International League against Rheumatism (ILAR) introduced
the term JIA [1]. Using the ILAR criteria, a Nordic
population-based epidemiological study reported aJlA incidence
of 15 per 100,000 [2]. JA is not a single disease but rather a
heterogeneous group of diseases, divided into seven different
subgroups, within which three major onset subtypes can be
identified: (1) systemic JA, a systemic form with rash, fever,
and commonly perimyocarditis, (2) polyarthritiswith 5 or more
joints involved, and (3) oligoarthritis (or pauciarticular JA)
with 4 or fewer joints involved.

Among young people, JIA can be quite painful and lasting well
into adulthood. While many experience resolution of their
disease, 50% will live with chronic arthritisinto adulthood [3].
Although the disease is self-limiting in some children, it is not
possible at the onset of disease to predict which child will
recover and which will have a lifelong challenge. Early
diagnosis and active therapeutic interventions are essential to
minimize residual deformity and disability due to irreversible
consequences of the disease such as joint destructions,
asymmetric bone growth, and vision impairment. The treatment
for JA is multifaceted and requires a combination of
monitoring, physical therapy, joint injections, medications, and
sometimes surgery [4]. Although optimal treatment of JIA varies
extensively by individual patient, making it highly
preference-sensitive, research on preferences among young
peoplelivingwith JJA isminimal. A review of 27 studiesfound
that children with JIA fear being seen as different from their
peersand areinterested in seeking health information to manage
their own illness [3]. In other words, the preferences of young
people reported in these studies appear focused on developing
autonomy around care management [5]. For many young people
who are optimistic about their future, these tools offer novel
approaches that guide a process for making informed decisions
about their care and social needs.

As widely recommended, the best way to determine the most
appropriate treatment options, where uncertainty is high, are
through assessing patient values, priorities, and experiences as
part of preference elicitation [6-8]. Research suggests that
children who are actively engaged in treatment consultations
with parents may improve their confidence in managing JA
into adulthood [9,10]. By continuing to support children, youth,
and adolescents with information, social support, and active
involvement in the management of their illness, their confidence
and long-term health may improve [3]. Over the last 20 years,
researchers have been working on building toolsto help patients
with chronic conditions better communicate preferences with
clinicians. Patient engagement tools like decision aids have
shown that adult patients are more knowledgeable, better
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informed, understand their values, and may be more engaged
in decision making than previously thought [11], but there is
little comparable evidence for young people.

Approaches to minimize the effects of JJA on young people
vary widely, and their successis often very personalized to the
individual. One study evaluating adecision aid for children with
JA found that the tool had high acceptability but lower efficacy,
leading authorsto call for more innovative approachesto using
decision aids and ng outcomes among children [12]. A
review of mobile phone and tablet apps that support personal
management of illness in young people found that apps for
diabetes, asthma, and chemotherapy recovery show someimpact
on monitoring and adherence, but the strength of evidence is
weak [13]. Others examined an online decision aid for patients
with rheumatoid arthritis and found that decision comfort and
knowledge improved [14]. In one example, a group in Canada
that designed an iPhone app for adolescents with cancer called
Pain Squad+, found that applying a user-centered design strategy
led to an acceptable and effective tool for the self-management
of pain [15]. While evidence points to strengths of online tools
for promoting self-management and guiding patient preference,
there appearsto beless evidence regarding online interventions
or apps designed with the intention of promoting partnership,
collaboration, or consensus between young people, families,
and clinicians/care teams.

The benefits of using the Internet to search for information
related to illness and JIA are well known, yet the documented
benefits for online peer-support for young peopleisless robust
[16]. Recent evidence of other applicationsfor engaging young
people in mobile apps for self-management demonstrate high
acceptability and usability [17]. Thereis also evidence in other
fields that peer-support has emerged naturaly in online
environments, where the benefits appear based on personal
preferences for use, ease of access, and interaction with others
who face similar challenges[18]. Thissuggeststhat onlinetools
or apps should be meaningful to those who use them and will
benefit those who take time to engage with them online [13].
The question remains how these newer technologies may best
support young peopleto devel op skillsin self-management and
treatment decision making that will serve them into adulthood.

In addition, devel oping toolsto support the adolescent transition
tolong-term self-management in JIA areneeded [19]. Research
has called for shifting habits of clinician-centered problem
solving to an expanded understanding of patient experience
[20,21], arguably demonstrating a more general demand for
co-produced care plans [22]. Conceptually, co-production
reorients traditional models of care delivery towards a more
patient-centered or person-centered approach. In practice, this
has involved clinicians supporting a standardized assessment
of patients, applying guidelines to inform care and offering
non-narcotic medication management protocols [23-25]. Other
patient-centered approachesinclude pre-visit planning by giving
evidence-based information and advocacy tools to guide
preference devel opment to enhance decision making at the point
of care[26]. When it comesto devel oping communication skills
for young people as they transition from
parent/clinician-supported decision-making models to more
autonomous decision-making ones, the best approaches areless
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understood. Whilethe challenges of communi cating with young
people with JJA have been well described [27], a major
contributing factor to reduced quality of care outcomes for
young people with JIA is poor adherence to treatment [28,29].
Adolescenceisacritical timefor developing long-term healthy
habits as adults, and while online and mHealth skill development
for self-management is suggested, there is little evidence on
how best to build and evaluate these skills [27].

The purpose of this study was to examine how an mHealth
Patient Support System (mPSS) could help improve health
communication between young people, their parents, and their
care team. This study examined how Genia might ready young
peoplewith chronicillnessfor their inevitable transition to adult
care. Specifically, we explored how the mPSS influenced the
engagement in self-management of JA and communication
between young people, their families, and their clinical care
providers.

Methods

Genia is an i0S-based mPSS designed to establish patient,
family, and care team partnerships, with an emphasis on placing
the young person at the center of the decision-making process
(Figure 1). Asaplatform and mPSS, Genia was designed with
principles of user-based design [30], feed-forward systems[31],
and concepts of co-production [22]. Core functionality of the
mPSS were operationalized within a learning collaborative
associated with the Lund Pediatric Cystic Fibrosis clinical
microsystem. This meant that clinicians, researchers, family
members, and cystic fibrosis patients were involved in iterative
cycles of change from inception to completion of the mPSS.
Key functionalities devel oped within the app were inspired and
optimized by patients, viewed as experts in their disease and
experience of care[32].

Further details of functionality are published elsewhere but
summarized briefly here [32]. There is basic functionality for
patient users to chat with other patient users in the app. All
information entered into the app is private to users and their
network. Users can, however, choose to share information with
others by sending reports (ie, structured forms with specific
questions for pre-visit planning) that also allow users to share
self-selected daily observations and/or graphs of
symptom/assessment tracking for discussion (ie, a graph of
self-reported pain and fatigue in the last month). Reports can
be sent through the app to clinical care teams via application
program interfaces that connect to clinic IT systems. Users can
also chooseto send reportsto others (ie, family or friends) using
a basic share function within an operating system, enabling
them to share viaemail or instant messaging.

The mPSS also captures the patient experience using a series
of daily observation “trackers’ that allow the patient to record
daily observations and perspectives. For example, one tracker
permits patients to identify what they are feeling that day, a
feature notable for young peoplewho may not be used to calling
attention to or labeling their feelings. Such patterns have been
identified as contributing to emotional competence in young
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people and are supported by parent-child and other socialization
models [33]. Another tracker allows a patient to record their
level of physical activity, but more unique is a tracker that
includes the patient’s social interests and their assessment of
life with family and with friends. This distinguishing mPSS
feature permits the young person to make note of important
preferences, in this case needs, wants, and fears, for subsegquent
review with friends, family, or care teams. This form of
emoational notation and engagement has been linked to childhood
development of emotional regulation and positive social
engagement [34,35].

Patient-reported daily observations enable young people to
document their disease activity and preferencesin real-timein
between clinical visits. Each of these daily data points is
collected into adashboard that can be shared electronically with
apatient-determined list of observers such as family or friends
they can invite to their network. They can also include these
dashboards in pre-visit reports to clinical care providers. For
older children and adolescents, the patient is the
locus-of-control, determining who has access, the level of
interaction with the app, and the amount of data being shared.
For younger pediatric patients, parents can serve as proxies by
entering daily observations about their child into the app.

We approached the research aim from the perspective that
subjective experiences in the scope of JA are influenced by
place, persons, and ingtitutions. For this study the place was
Sweden, the persons were children aged 5-15 years living with
JA and their parents, and the place of care was the largest
pediatric rheumatology clinic in Sweden, at Astrid Lindgren
Children’s Hospital, within Karolinska University located in
Stockholm, Sweden.

Two Swedish research assistants conducted semistructured
interviews with Swedish young people, their parents, and JA
care teams about their use of and reactions to the potential
benefits of the mPSS. Two researcher-designed interview guides
(Multimedia Appendices 1 and 2) were developed (one for
families and another for clinical team members) with clinical
and project partners to include the following domains: current
use of technology, health communication between clinicians
and patients, personal health tracking and symptom monitoring,
preparation for clinic visits, and current illness management.
Data collection and analysis were supported by a
multidisciplinary team, which included a medical sociologist,
a hedlth care policy expert, and a devel opmental psychologist.
This research team worked closely with Upstream Dream, the
mMPSS devel opment team in Sweden that created Genia, to gain
accessto clinical care partners, understand clinic organizational
dynamics, and examine product development history. The study
was determined to be exempt from ethics review based on
Common Rule 2 by the Committee (blinded for review) for the
Protection of Human Subjects at Dartmouth during a blinded
review. This study was approved by the Stockholm Ethical
Committee, Stockholm, Sweden. Written consent was obtained
from all patients/families by the clinicians participating in the
study.
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Figurel. Geniaflow diagram.
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Study Participants

Potential study participants were identified by clinical partners
who already use the mPSS with some of their patients and
families. Clinicians then sent recruitment letters to participants
with a Genia brochure inviting them to participate. The JA
clinical care team invited patients to participate in the study.
Consent involved reading an informational script including the
study purpose, design, and goals. Families who agreed to
participate were subsequently interviewed in-person by Swedish
researchers at a location and time that were convenient.
Interviews were conducted with parents and children together
based on preference and ethical considerations. Some of the
participants had not used the mPSS prior to being interviewed,
while others had already started using the mPSS. All interviews
were conducted in Swedish and later translated into English.
The clinical care team interviews were led by the US research
team and conducted face-to-face in English at the JIA clinics
in Stockholm. Theclinical careteam included aphysiotherapist,
occupational therapist, and 2 physicians of the JA clinic.
Research team members provided the interview guide to the
care team members prior to the interview to give adequate time
to prepare responses in English.

Data Analysis

We conducted a conventional content analysis as described by
Hsieh and Shannon [36]. Initial codes were developed
independently by 2 researchers (ML and SG) using ATLASi
version 8.1.2. Thesefirst set of codes reflected interactions and
observations by the research team from 2016-2017 as
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recruitment, design, and data collection were occurring. This
initial code set was later updated through a second coding
process based on theinterview transcriptsfor both young people
and families as well as care providers. All members of the
research and clinical team who collected data spoke and wrote
English fluently. To ensure accuracy of transcripts, 2 Swedish
team members reviewed translations and confirmed tranglation
with Swedish-American partners. Secondary codes were
substantively related to the interview guide, in part because of
how the guide was organized by domains, aswell as dueto the
nature of the conversationsthat focused on specific JA-related
experiences. Following the second round of coding, theresearch
team discussed emergent codes, which were labeled new
language and concepts. Team members (SG and ML) devel oped
memos (ie, a process of writing short descriptive narratives
summarizing meaningful aspects of the data) during the coding
and discussion processto draw attention to notabl e relationships
in the codes. Team members (SG, ML, and GK) met several
times over the course of 2017 to build consensus around
grouping codes based on emergent and context-based themes.
During the coding and subseguent consensus process, the Genia
development team was asked to react to initial codes and offer
alternative explanations and suggestions. Data saturation was
assessed using an iterative process of constant comparison [37]
throughout data collection and analysis phases. Upon a third
review of data at 12 participants, the presence of language
patterns and repeated concepts aerted team to potential
saturation. The team agreed to three additiona interviews to
provide some methodological assurance that no new patient
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experienceswere being missed or overlooked [38]. Thisiterative
coding, memo writing, and theme building process mimics a
type of data triangulation [39]. Final themes were devel oped
by grouping codes around larger meaning units, whose content
sufficiently reflected all data under consideration.

Results

Study Participants

The age, gender, and disease information for the study
participants are shown in Table 1.

Theyoung peopleinterviewed for thisstudy rangedin age from
5-15 years old. There were 7 females in the group, and 13 of
the 15 had used Genia prior to the interview. The time since
diagnosis ranged from 1-14 years. We also interviewed four
clinicians who used Genia as part of their routine practice: 2
medical doctors, 1 physiotherapist, and 1 occupational therapist.
Patient interviews were conducted with both the young person
and at least one parent present. The clinician interviews were
conducted individually, except two, which included both the
physiotherapist and occupational therapist together.

A content analysis of transcripts generated four themes that
characterize attitudes and beliefs as well as fears and
expectations on how an mPSS may foster a strategy for
improving communication and achieving shared decision
making in JIA treatment. Experiences of young people dealing
with JA every day reflected feelings of frustration and
confusion, which we termed, “Young people with JA face
communication challenges.” While the data suggest there is a
developmental difference between younger and older patients
feelings about sharing their diagnosis status with friends, there
was affirming content that supported asecond ideawe portrayed
as, “Normalizing illnessthrough shared experience may improve
adherence” When asked about the potential of technologies or
current care processes, families spoke about the value of routine
check-ins between visits and symptom updates. The habit of
checking-in and preparing for visits appeared to lead to deeper
engagement between young people and their parents. We
described this concept as, “Partnership opens a window into
illness experiences.” Interview data were further informed by
clinician points of view, which included support for more
informed patients and families as well as for recognizing the
challenge of communicating with young people. More to the
point of implementation and use of anovel technology in clinica
practice, we observed wide support for an mPSS and called this
idea, “Readiness to engage appears critical for clinic
implementation.” We present supporting illustrative quotes
drawn from transcripts to characterize the categories in the
sections that follow.

Young people with Juvenile I diopathic Arthritis face
communication challenges

Young JIA patients, when they experienced pain, described
feeling frustrated because people (often classmates) did not
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believe them, or the classmates believed they were lying to get
out of an activity. This appeared to separate the young person
from others, both physically and socially.

Patient 14 (14 years old): Everyone in my family is
aware, so it's okay. It's hardest with classmates.
Interviewer: What do they say then?

Patient 14: One time there was one who said that |
always blame everything on my foot.

We observed a tendency in these interviews for parents to
describe interrupting the doctor’s visit to elaborate on details
that either the child did not think was important or did not
remember. These interruptions were viewed by young people
as acceptable and often confirmatory.

Patient 7 (15 years old): | usually do it [the clinical

visit] but sometimes Mom helps me to make it fair.

Sometimes | say it doesn’'t hurt at all, though it

actually has been hurting also, then Mom jumps in

[giggles].
We noticed that parents also have their own ways of dealing
with their children’spain and socia struggles. Some have begun
to reach out to other parents using social media platforms like
Facebook, while others have talked with other parentsin person.
This reaching out for help reflects both the complexity and
challenges of supporting children with JIA. Parents showed a
desireto be helpful by wanting effective toolsfor their children
but often lack the resources. The act of reaching out to other
parents through Facebook groups underscored the importance
and value of an mPSS designed to support parents to better
understand their children’sillness and acquire the skillsto better
assist their children.

We observed young children talking about the benefits of
working with their parents to help them communicate about
pain and patterns in their eating and behavior. Some reflected
how parents were motivated to help them develop techniques
to manage their JJA independently. In one case this approach
appeared to work.

Patient 10 (15 years old): Ehh...I often do not have
so many of my own views. He [the clinician] usually
asks me things. Sometimes | have my own questions,
for example last year | had trouble with my knees,
then my questions could be about that.

Mother: It's mostly about how you've had it lately.
Interviewer: Do you usually go with him (asking the
mother)?

Mother: Yes, | usually do. But we try to hand over it
more and more to [my son] because he's getting
older. It is important now that he is moving over to
adult care.

Interviewer: How do you feel about moving over to
adult care?

Patient 10: Hmm...well it feels good.
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Table 1. Description of participants.
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Participant Ageinyears? Sex JA subtype' Duration of disease®
Patient 1 11 Female Oligo JA 1year
Patient 2 10 Male PsA 4 years
Patient 3 13 Female ERA 2years
Patient 4 12 Male Oligo JA 3years
Patient 5 11 Female Poly JA 1year
Patient 6 5 Male Oligo JA 2 years
Patient 7 15 Female PsA 14 years
Patient 8 12 Male Poly JA 4years
Patient 9 15 Male Undifferentiated 1year
Patient 10 15 Male PsA 2years
Patient 11 11 Male Oligo JA 4years
Patient 12 14 Female JA 5years
Patient 13 13 Female Oligo JA 1year
Patient 14 14 Female Poly JA 9years
Patient 15 14 Male JAS 4years

8The average age of participants was 12.3 years (SD 2.3).

bSubtypefor JA: Oligo JA=oligoarticular JA, Poly J A=polyarticular JA, PsA=psoriatic JA, ERA=enthesitis-related arthritis, JA S=juvenile ankylosing

spondylitis, and undifferentiated=multisymptom JA.
®The average duration of disease was 3.8 years (SD 3.5).

We further noted that most young people and adol escentsin the
interviewswere reluctant to complain about pain or discomfort.
Many felt they were a burden on their parents. Reluctance to
talk may also be linked to an inability to communicate feelings
effectively or how they experienced pain. As one young person
showed, reluctance may be a show of strength. For example,
one young person expressed hisfeelings and attitudes on sharing
symptoms, which may have signaled strength or fear. Certainly,
the interjection by the parent in the following dialogue called
our attention to the challenge of communication for both parents
and their children.

Patient 9 (15 years old): It feels good.

Interviewer: Do you feel that you aretelling him[the
clinician] exactly how you feel?

Patient 9: Yes, | think so.

Mother: ...but he always says he's better than heis.
Patient 9: No.

Mother: Yes.

Normalizing IlIness Through Shared Experience May
Improve Treatment Plan Adherence

There were some comments on connecting others with JA
through social media as a means of overcoming feelings of
isolation and inability to offer help. The act of reaching out for
connection may be a means of feeling normal or at least
confirming that one is not alone. As we observed, younger
children seemed uninterested in reaching out through social
media. Yet, thefact that a 14-year old was attempting to connect
virtually with others suggested that as young people age, they

http://mhealth.jmir.org/2019/2/€10401/

become more aware of their friends and social networks as
sources of support.

Interviewer: Do you know how to get in touch and
talk to peers?

Patient 12 (14 years old): Yes, those I've met | have
on Snapchat and Instagram.

Interviewer: Do you have Facebook?

Patient 12: No, | don’t. But | have their numbers so
| can call them.

Interviewer: The old way (ha-ha) Mother: ha-ha

Mother: (She) is in touch with some from her last
rehab trip. Then also from her physical therapy, not
just people with rheumatism, even people who need
training.

Interviewer: How do you think it's [nice] having
friends who also have rheumatism?

Patient 12: Nice. The other day we sat up and talked
and it was very nice.

We saw that young people seemed reliant on communicating
with their parents, particularly when it cameto navigating their
relationship with their doctor or care provider. We noticed that
this type of communication was not only about symptoms but
about being empowered to communicate comfortably and build
trust. Further, parents reflected on the power of sharingin away
their children felt confident when hearing.

Father of 11-year-old patient: Yes, absolutely. Snce
it isso reoccurring...and to be able to share how (she)
feels, and how bad it is. If this could be possible
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through an app it would be great, both for us and for
the doctors.

In one example, we saw parents being challenged to think about
ways the mPSS may help support behaviors like monitoring
pain or symptoms over time. Thiswas seen widely asaway to
improve their child's awareness and self-management skills.

Interviewer: Do you have a diary about how you feel ?

Mother: No, we do not actually. But | have it very
much in my head all thetime, but it'sthe same all the
time. But on the other hand, | think the app [ Genia]
can help because we do not remember the days that
actually are good. It's the misery most of the time. |
think it would be great for [ my daughter] to see her
situation over time. So, she can seethat she has better
days.
The young people interviewed talked about the challenges of
describing their pain and frustration with JIA, whether with
physicians or friends. When asked about how Genia might
contributeto talking about their JIA issues, several young people
referred to the value of keeping adaily diary as away to have
better or more productive visits with their doctor.

Mother: He was so terribly afraid that it would not
last (reduced pain). But then he started playing
sports...living a normal life.

Interviewer: Do you remember how you felt?
Patient 15: It felt very strange at the beginning.
Mother: You came back to life.

Interviewer: Doesyour conversation help you manage
your rheumatism?

Patient 15: Yes, it does.

Interviewer: |Isthere something good or less good?
Patient 15: | would say everything is good.
Interviewer: Do you keep a diary about how you feel ?
Patient 15: No, only when | take syringes, then | fill

it in in Genia. | think that kind of documentation is
good for remembering when | talk to my doctor.

Overall feedback from young people related to the value of
Genia, or potential of Genid'sfunctionality, suggested that diary
entries and note-taking improved conversationswith careteams,
which helped families and young people remember benefits of
certain medications and treatment decisions.

Partner ship OpensaWindow Into llInessExperiences

We heard from young people and their families that using a
patient support tool to keep daily observations and reminders
for routine updates was very helpful for developing strategies
to communicate with providers.

Interviewer: In Genia you can send a report before
a health care meeting, do you think that could be
something for you?

Patient 12 (14 years old): Yes, for me at least.
Interviewer: In what way?
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Patient 12: | have difficulties remembering. | mix
things up. | cannot tell when something was, it could
have been two weeks ago or two months ago.

Mother: Although we try to be a bit prepared, it is
incredibly difficult.

At the same time, clinicians also believed there was real,
meaningful valuein young people and their parents being better
prepared for their visit.

The data is helpful, and the registry really helps me

seethe patient condition over time—but it only shows

data at a point intime (at thetime of visits). It doesn’t

help me understand what is going on in the patient’s

life between visits. And if they aren’t communicative

during the visit, or their feelings contradict those of

their parents, then it is hard for me to truly

understand the patient needs; it is hard for me to

understand why the patients’ perceptions of their pain

and quality of life is different than my perception.

[Physician 1]
While having informed young people and families might
improve visit efficiency by targeting interests and generating
focused questions, additional behavior changes appeared to
guide strategies for improved clinical conversations. The
clinicians we interviewed argued that the mPSS presented a
connection into the lives of patients that was meaningfully
different from routine practice: “For thefirst time, | feel part of
her [patient’s] team” (Physician 1).

Readinessto Engage Appears Critical for Clinic
I mplementation

Patient monitoring following a care visit was expressed as a
gap in care by clinicians. This has particular significance given
that patients contend with a majority of their care challenges
outside the clinic. The clinicians we interviewed shared an
interest in being able to track or follow patient progress over
time, which permits new and advantageous support systems:
“With Genia, if we can get patients to send us status reportsin
between scheduled visits, then we can confirm what isworking
and try new ideas much more frequently” (Physician 2).

Besides the importance of tracking, clinicians reflected that
engaging patients outside the clinic in meaningful and proactive
ways was essential for improving communication during the
clinic visit. In this way, clinicians recognized that the pre-visit
data sharing feature of the mPSS app enabled more targeted
and thoughtful interactions: “To improve pre-visit planning, to
provide moretimefor dial ogue with the patient during the visit,
to help patients better understand what causes flare-ups and
what therapy seems to work, and to provide a mechanism to
track patients between visits’ (Physician 1).

Other reactions highlighted the potential of the mPSSto modify
routine practice. This was seen as a maor improvement
compared to standard care. One clinician pointed to gaps in
current communication where patients are unable to speak to
their symptoms, pain, or status: “When | asked how are you
today, everyone says‘fine’ but | don’t really have aclear picture.
To know if there is something more | can do” (Physician 1).
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Another clinician also emphasized the need for more robust
efforts to guide patients prior to coming to their clinical visit.
When asked if she understood the needs of her patients, one
clinician suggested there was aneed for improvement: “No, not
really. Patients complete along questionnaire when they get to
the office, which captures responses based on industry standard
instruments, but they don’t tell me [their] goalsor key concerns”
(Physiotherapist).

We noticed that the mPSS clarified the role of the patient, which
fostered guided support and strengthened self-management
skills. In fact, we saw that use of the mPSS in practice, with
patients over time, appeared to change their behavior. In the
case of one young person, a clinician commented that they
would normally rely on the parent to share symptoms. After
using themPSS, this parent felt their child was ableto do much
more with the doctor: “The mother used to bring in a clipboard
and do al of the talking, now the patient herself leads the
conversation, leaving the mother a more bystander role’
(Physician 1).

Discussion

Principal Findings

A co-designed mobile patient support system that meaningfully
engaged users beyond the clinic visit expanded opportunities
for improving treatment strategies between young people, their
families, and care teams. Through the promotion of
consensus-building design features, we observed improved
communication in young people and their parents about
symptom recoghition and pain characterization. Asan mHealth
app, Genia, appeared to hone communi cation skillsthat parents
and clinicians believe ensure a healthy transition from pediatric
to adult care—a space with clear unmet need. The insights for
young people, families, and clinicians to enable more
substantive, targeted, and authentic communication, where
young people learn to reflect on symptoms without being
prompted by their parents, was a novel finding. As a mobile
phone app, the routine monitoring of symptoms and pain over
time normalizes a type of sharing process that appears to ease
disclosure and improve efficacy in young people and parents.
Thiswas particularly relevant for young people who felt isolated
by thisillness and struggled to disclosetheir experiences. While
evidence has shown how integration of novel interventionsinto
clinical practice can be difficult, clinicianswho were ready and
prepared to use anovel approach appeared to mitigate barriers
to Geniaimplementation.

Comparison With Previous Research

With the expl osive growth of and interest in mHealth initiatives,
there seem to be endless opportunities for patients to engage
the health system in new ways. Thisis one of the first studies
to identify an mHealth app designed to modify communication
strategies between patients, families, and care teams. Most
mHealth interventions reviewed focus on self-management skill
development rather than improving or optimizing
patient-provider communication strategies [40]. For mHealth
technology to advance behavior change strategies in young
peopleliving with JIA, more should be doneto build skills that
enhance consensus-building frames between patients, families,
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and care teams. Such an approach is consistent with the literature
on the benefits of building ashared mind asatreatment strategy
[41].

This study is a step towards being able to identify how an
mHealth app, co-designed with patients, families, and care
teams, helps identify what matters most, as well as ways of
tranglating patient goals into actionable solutions. Focusing on
principles of continuous learning and consensus building, the
patient support system prioritizes processes of monitoring,
reporting, and previsit planning to inform clinical
communication. Despite the wide growth and interest in these
novel technologiesfor improving access, thereis mixed evidence
on thelong-term impact on patient health outcomes or behaviors
[42]. Thisform of co-development has been well supported by
health services research, which has pointed to the benefits of
co-designed tools for behavior modification strategies [43-45].

A recent paper detailed the user-centered development and
evaluation of an app, JApp, which applied this same
person-centered devel opment framework and strongly supports
our findings [17]. A key difference between JIApp and Genia
is the co-design strategy focused on improving consensus for
optimizing treatment decision making. The creators of JApp
aimed their intervention on self-management and engagement,
primarily focused on “recording symptoms and encouraging
self-management.” While collaboration is a key feature of
patient-provider communication and self-management skills
are associated with a higher quality of engagement, Genia as
an mPSS was designed to modify patient-provider interaction
and behaviors that likely influence consensus-building skills
between young people, families, and care teams for long-term
management of treatment. As mentioned previously, there is
opportunity for usersto chat with other usersdirectly in the app.
However, this functionality was rarely used by the participants
in this study and we believe that there is more work to be done
to explore how this peer-to-peer connection could be enhanced
to support patients. While this is still a burgeoning area of
investigation, more research is needed on understanding the
co-design and implementation process of mHealth apps.
Additional research isalso needed to identify and measure ways
that mHealth apps like Genia or J App modify communication
responses for young peoplein transition from pediatric to adult
care services. When compared against apps developed in
isolation and often not in partnership with care providers, there
isaclear benefit of co-designed appsthat foster evidence-based
approaches and direct input from end-users like patients and
care providers [13]. Apps that support self-management and
symptom management have higher potential for success, which
supports the design and implementation of Genia as an mPSS
[46].

What appears unique about the Genia approach in comparison
to other published appsistheintentional strategy used to guide
both patient and family engagement. The use of qualitative data
to inform evidence on platforms that are most effective for
patients has been suggested el sewhere[47]. Much of the current
literature points to the strengths of mHeath to enhance
self-management [42,48], tracking and monitoring [49], aswell
as routine behavior modification [50], and medicine adherence
[42,51]. Usability testing of an online self-management health
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portal with adolescents with JIA and their parents underscored
the importance of building these self-management platforms
with user feedback, akey feature of any person-centered design
[52]. Beyond the JIApp [17], there was no other evidence of
mHealth apps devel oped to improve communication strategies
or consensus-based strategies to enhance patient, family, and
careteam integration, particul arly around the concept of shared
reasoning [42]. Failures or limitations of other mHealth apps
and strategies appear driven by a one-dimensional approach,
which prioritizes biomarkers and tracking and fails to
incorporate consensus building and communication skills. There
isno question that mHealth initiatives are the way of the future;
they are cheap, easy to build, and potentially highly accessible
to large populations. The benefits of mHealth technology are
that they are personal, adaptive, and sustainably designed. Yet,
these benefits are hindered by a lack of clear standards of
evaluation and measurement [53].

Limitations

Although our study had 15 participants and involved both
families and young people, the data anaysis included
triangulated data sourcesto help clarify and validate responses.
Due to the number of participants and their variation in ages
and experiences, findings must be read with caution. Qualitative
approaches have limited generalizability outside the scope of
participants’ lived experiences and other clinical settings. The
unique responses of parents, care team physicians, and young
people discussed here provide insight into expectations and
hopes for mHealth interventions, especially interventions
designed with and for end-users.

While Genia was developed in partnership with a Karolinska
clinical team along with patients and parents, there were many
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new processes and functionalities that should be considered
“new” asthey were not extracted or modified from apre-existing
mobile phone app. While other research on thismPSS had been
done within cystic fibrosis, the unique nature of JIA required
new design and functionalities determined within a pilot phase,
which has been reflected in some of the work presented here.
These data and findings provide a rich and context-specific
perspective of how an mPSS was adopted, integrated, and
utilized by asmall sample of patients and cliniciansin Sweden.
The nature of the research question reviewed here and its
supporting methodological approach contributed to valuable
context-driven findings. However, these same methods are
unable to provide insight into the long-term impact of mHealth
apps like Genia on changes in self-management or
communication skills for young peopl e transitioning into adult
care as well among adults who have experienced transition.
Moving forward, designing a study to answer long-term impacts
of young peopl€e’s use of mHealth appsfor self-management of
JA will be an important contribution to determine the overall
efficacy of an mPSS in improving self-management and
associated communication skills.

Conclusions

A technology-enabled mPSS that meaningfully engages care
providers to partner with patients, families, and their support
networks permits novel care planning through the formation of
aconsensus-building strategy. We believe that offering patients
the opportunity to engage friends, family, and their care team
in developing treatment solutions may provide the emotional
and clinical support they need to meet their persona health
goals and sense of well-being.
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Abstract

Background: The diabetes disease burden in Chinais heavy, and mobile apps have a great potential for diabetes management.
However, thereisalack of investigation of diabetes app use among Chinese diabetes patients and diabetol ogists. The perspectives
and attitudes of diabetes patients and diabetol ogists regarding diabetes apps are also unclear.

Objective: Our objectives were to investigate diabetes patients' and diabetologists' use, attitudes, and perspectives, as well as
patients needs, with respect to diabetes apps to provide information regarding the optimal design of diabetes apps and the best
strategies to promote their use.

Methods: Diabetes patients and diabetologists across China were surveyed on the WeChat (Tencent Corp) network using
Sojump (Changsha ran Xing InfoTech Ltd) from January 23, 2018, to July 30, 2018. In total, 2 survey links were initially sent
to doctors from 46 Latent Autoimmune Diabetes of Adults Study collaborative hospitals in Chinain 25 major cities and were
spread on their WeChat contacts network. We also published the patient survey link on 3 WeChat public accounts and requested
diabetes patients to fill out questionnaires. A multivariate regression analysis was used to identify associations of demographic
and basic disease information with app usage among adult patients.

Results: Overall, 1276 individuals from 30 provincial regions responded to the patient survey; among them, the overall app
awareness rate was 29.94% (382/1276) and usage was 15.44% (197/1276). The usage was higher among patients with type 1
diabetes (T1DM) than among patients with type 2 diabetes (T2DM; 108/473, 22.8% vs 79/733, 10.8%; P<.001). The multivariate
regression analysis showed that diabetes type, age, education, family income, and location were associated with app usein adult
patients (P<.05). The need for and selection of diabetes apps differed dightly between patients with TIDM and patients with
T2DM. The reasons why patients discontinued the use of an app included limited time (59/197, 29.9%), complicated operations
(50/197, 25.4%), ineffectiveness for glycemic control (48/197, 24.4%), and cost (38/197, 19.3%). Of the 608 respondersto the
diabetol ogist survey, 40.5% (246/608) recommended diabetes appsto patients and 25.2% (153/608) used diabetes appsto manage
patients. The greatest obstacles to the diabetologists’ use of apps to manage diabetes patients include limited time (280/608,
46.1%), legal issues (129/608, 21.2%), patients’ distrust (108/608, 17.8%), and billing issues (66/608, 10.9%).
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Conclusions: The awareness and use of diabetes appsin Chinese people with diabetes and the proportion of diabetologistsusing
diabetes appsto manage patients arelow. Designing apps targeting different patient needs and conducting high-quality randomized
controlled trialswill improve the effectiveness of the apps, provide evidence for patientsto choose suitable apps, and be conducive

to the promotion of app use.

(JMIR Mhealth Uhealth 2019;7(2):€12658) doi:10.2196/12658
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Introduction

Background

The prevalence of diabetes has been increasing worldwide. In
2017, it was estimated that there were 451 million people aged
18 to 99 years with diabetes. Furthermore, 5.0 million deaths
were attributable to diabetes [1]. Among the Chinese adult
population, the estimated prevalence of diabetes was 11.6%,
representing an estimated 113.9 million adults in China with
diabetes. However, only 39.7% of those treated had adequate
glycemic control [2]. Poor glycemic control can cause various
complications [3] and bring heavy economic burden to the
world. In 2015, the global cost of diabetes was estimated to be
US $1.31 trillion or 1.8% of the global gross domestic product
(GDP) [4].

Diabetes self-management education and support (DSMES) is
a critical element of care for patients with diabetes [5]. The
AADE7 Sef-Care Behaviors defined by the American
Association of Diabetes Educators is a framework for
patient-centered diabetes education and care[6]. The 7 self-care
behaviors are eating healthy, being active, monitoring, taking
medications, solving problems, healthy coping, and reducing
risks, and these are essential for diabetes self-management. Due
to animbalance of medical resourcesin China[7], patientsflock
from rural areas to urban areas seeking medical resources.
However, doctorsin tertiary hospitalsare overloaded with work
[8,9]. Patients receive only a few minutes for outpatient
consultation and receive little self-management knowledge in
such alimited time. Furthermore, many outpatients do not have
a record of their blood sugar; therefore, doctors cannot give
accurate guidance for their treatment. Thus, a different type of
health service might be needed to supplement traditional
outpatient consultations.

Mobile apps can record, transmit, and receive feedback anytime
and anywhere, facilitating remote monitoring and delivery of
timely recommendations for health care. Mobile apps could
increase the capacity for self-management, help sustain
necessary lifestyle modifications, and improve communication
between patients, family members, and health care professionas
(HCPs). Furthermore, there were 1.32 billion mobile phone
usersin Chinain 2016 [10]. With the popularity of smart phones
in China, mobile apps have great potential for managing chronic
diseases, especially diabetes. A systematic investigation revealed
that diabetes apps are the most common disease-specific apps
in China's mobile health (mHealth) market [11]. Many studies
have demonstrated that diabetes apps can potentially hel p control
glycemia [12-16]. Mobile apps are also recommended by the
American Diabetes Association guidelinesfor DSMES[17]. A

http://mhealth.jmir.org/2019/2/e12658/

meta-anaysisof 21 randomized controlled trials (RCTs) showed
that diabetes apps were associated with a mean reduction of
0.57% in glycosylated hemoglobin (HbA,;.) among patients
with type 2 diabetes mdllitus (T2DM) and 0.49% among patients
with type 1 diabetesmellitus (T1DM). However, theresults had
significant heterogeneity [18]. Several studies also suggested
that diabetes app use can increase blood glucose monitoring
frequency [13,19], reduce feelings of loneliness, help patients
gain knowledge and skills to manage diabetes [20], improve
hypoglycemic fears and behavioral scores[15], and strengthen
the perception of self-care by offering better information and
health education to patients [16].

Diabetes app usage varies among different countries [21-25],
from 3% in Latin countries in 2015 [21] to 19.6% in New
Zeadland in 2016 [22]. China has the largest absolute disease
burden of diabetes in the world and the greatest potential
diabetes app market. However, there is a lack of large-scale
investigations of the usage of diabetes appsin China. Patients
perspectives and attitudes regarding diabetes apps are also not
very clear. In addition, user requirements are very important
for app design. A survey by Boyle et a revealed that the most
favored feature of patients was a glucose diary, and an insulin
calculator was the most desirable function for afuture app [22].
A survey by Trawley et al showed carbohydrate counting was
the most common purpose among adults with TIDM and
glucose monitoring was the most common purpose among adults
with T2DM [23]. A recent meta-analysis of diabetes apps
reveded that the reduction in HbA,. is explained by the
frequency of HCP feedback [18]. However, few surveys have
been conducted to investigate the feature of patient-doctor
communication. Our previous study found that both patients
and diabetol ogists believed that doctor-patient communication
and diabetes diaries were the most important functions of a
diabetes app [26]. However, our previous study focused only
on patients with TIDM and the samples were relatively small.
Diabetologists use, attitudes, and perspectives concerning
diabetes management apps in China are poorly understood.
Objectives

The objective of our study was to investigate the use,
perspectives, attitudes, and associated factors of diabetes patients
and diabetol ogists regarding diabetes management apps, aswell

as patient needs for these apps, to provide information for the
design of diabetes apps and how to best promote their use.
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Methods

Questionnaire Design

The questionnaire design was described in a previous study
[26]. An expert panel consisting of 5 diabetologists (YZ, SL,
Y X, XL, and ZZ) and a diabetes education nurse (FL) searched
apps from the iOS and Android platforms and designed the
guestionnaires according to the functions of current diabetes
apps[25,27-31], diabetes guidelines [32], and the problemsthey
encountered during clinical practice. The questions were
presented in a choice format. If responders did not agree with
the listed options, they could select the option others and write
their answersin the remarks column. The diabetol ogist questions
covered their basic information and use, attitudes, and
perspectives regarding diabetes management apps. The patient
guestions covered their use, perspectives, and attitudesregarding
and needsfor diabetes apps, demographic information, and basic
disease information.

To establish the validity of the content, the survey items were
rated based on their relevance and clarity using a4-point ordinal
scale from 1 (irrelevant) to 4 (highly relevant) by 15 experts:
12 diabetologists and 3 diabetes education nurses with at least
5years of experiencetreating pati ents with diabetes. The content
validity indexes of the patient and diabetologist questionnaires
were 0.91 and 0.93, respectively. Before administering the
guestionnaires, we performed pilot tests with 20 patients with
diabetes and 10 diabetol ogists from Second Xiangya Hospital.
As 3 patients were unwilling to disclose their exact income and
1 doctor was reluctant to reveal his age, we revised our
guestionnaires such that patients were not required to answer
the question regarding income and the doctors' ages were
grouped into ranges. Cronbach a phavaluesfor the patient and
diabetol ogist questionnaires were .98 and .79, respectively.

Introduction of the WeChat Survey Platform

WeChat provides many services, including messaging, free
phone calls, browsing and posting for information sharing on
moments, and mobile payments[33]. Itisinstalled in over 90%
of mobile phonesand isintegrated into most people’sdaily lives
[34]. As the most widely and frequently used social
communication tool in China, WeChat has a powerful contact
network. Asof 2016, over 44% of WeChat users had more than
200 contacts on the socia networking service. Approximately
90% of WeChat users had more than 50 contacts [35]. This
network makes it possible to administer questionnaires via
WeChat.

Samples and Survey Methods

The participants were diabetes patients and diabetol ogists across
China. Doctors at other departments who did not treat diabetes
patients were excluded from our investigation.

Diabetes patients and diabetologists were surveyed through
snowball sampling via the WeChat contacts network and

http://mhealth.jmir.org/2019/2/e12658/
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convenience sampling through WeChat public accounts using
the Web-based survey tool, Sojump, [36] from January 23, 2018,
to July 30, 2018. The patient and diabetologist survey links
wereinitially sent to doctorsfrom 46 latent autoimmune diabetes
of adults (LADA) Study China collaborative hospitals in 25
representative major citiesin China[37]. We asked these doctors
to spread the survey links on their WeChat contacts network.
In addition to using snowball sampling through the WeChat
contacts network, we published the patient survey link on 3
WeChat public accounts concerning diabetes, which have 50,000
subscribed followers, and asked diabetes patients to complete
the questionnaires. The parents of juvenile patients answered
the questions for their children. We introduced the background
of our survey, and the questionnaireswere compl eted voluntarily
without any compensation. A part of the survey results
concerning patientswith T1DM has been reported in aprevious
study [26].

Ethical Approval

The study was approved by the ethics committee of the Second
Xiangya Hospital, Central South University (ID: 2017-S107).
Statistics

The data were analyzed using SPSS version 23.0 (IBM Corp).
Q-Q plotswere used to check the normality of all the continuous
variables, which are expressed as the means (SDs) or medians
(interquartile ranges [IQRS]) where appropriate. Categorical
variables are expressed as percentages (numbers, n). Differences
among groups were assessed using Chi-sguare tests. The
generalized logistic model was used to obtain odds ratios (OR)
and their 95% Cls in a simultaneous manner. First, we
performed a univariable analysis to obtain unadjusted ORs of
potential correlates of app use with demographic factors and
disease characteristics in adult patients (aged =18 years). We
then entered all the significant factorsin the multivariate analysis
to obtain the multivariable adjusted ORs. Questionnaires with
missing values were excluded from the multivariate analysis.
Statistical significance was indicated with P<.05.

Results

Patient Survey

Sample Characteristics

A total of 1276 patients with diabetes (414 from North China
and 862 from South China) distributed among 30 provincesin
China(Figure 1) responded to the patient survey. The responder
characteristicsare shownin Table 1. Of the responders, 50.31%
(642/1276) were male, with amean age of 41.3 years (SD 18.5).
The mean disease duration was 6.8 years (SD 6.9). Overal,
37.07% (473/1276) were patients with TIDM and, of these,
178 were juveniles, 57.45% (733/1276) were patients with
T2DM; 2.12% (27/1276) of the patients had gestational diabetes;
and 3.45% (43/1276) did not know their diabetes type.
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Figure 1. Distribution of the diabetic patient sample in China by province.
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Table 1. Characteristics of patients with diabetes.

Zhang et a

Characteristics

T1DM? (n=473)
Adults (n=295)

Juveniles (n=178)

T2DMP (n=733)

Total® (N=1276)

Gender, n (%)

Male 115 (39.0) 81 (45.5) 426 (58.1) 642 (50.31)
Age (years), mean (SD) 33.5(11.9) 10.3 (4.2) 52.2 (12.0) 41.3 (18.5)
Disease duration (years), mean (SD) 7.9(8.0) 3032 7.7(6.8) 6.8(6.9)
Residence, n (%)

Urban 206 (69.8) 110 (61.8) 572 (78.0) 933 (73.12)

Rural 89 (30.2) 68 (38.2) 161 (22.0) 343 (26.88)
Education, n (%)

Junior middle school or below 55 (18.6) _d 193 (26.3) 422 (33.07)

High school 93 (31.5) — 244 (33.3) 373(29.23)

University or above 147 (49.8) — 296 (40.4) 481 (37.70)
Treatment, n (%)

Oral medicine 14 (4.7) 1(0.6) 379 (51.7) 416 (32.60)

Insulin injection 196 (66.4) 128 (71.9) 281 (38.3) 636 (49.84)

Insulin pump 83(28.1) 49 (27.5) 9(L2) 144 (11.29)

Untreated 2(0.7) 0 64 (8.7) 80(6.27)
Occupation, n (%)

Student 44.(14.9) — 3(0.4) 206 (16.14)

Institutional staff 45 (15.3) — 115 (15.7) 171 (13.40)

Employee of state-owned enterprise 19 (6.4) — 83 (11.3) 109 (8.54)

Employee of foreign or private company 43 (14.6) — 69 (9.4) 121 (9.48)

Private enterprise owner or self-employed 26 (8.8) — 77 (10.5) 113 (8.86)

Retired 19 (6.4) — 206 (28.1) 231 (18.10)

Farmer 19 (6.4) — 75(10.2) 103 (8.07)

Unemployed 47 (15.9) — 70 (9.5) 131 (10.27)

Others 33(11.2) — 35 (4.8) 9 (7.05)

8T1DM: type 1 diabetes mellitus.
broDM: type 2 diabetes mellitus.

“Total including patients with T1DM, patients with T2DM, 27 patients with gestational diabetes, and 43 patients with an unknown type of diabetes.

9 ndicates that there is no value.

Diabetes App Use and Associated Factors Among
Diabetes Patients

Theoverall diabetes app awarenessrate was 29.94% (382/1276),
the usage rate was 15.44% (197/1276), and 43.7% (86/197) of
the patients who use the apps used them every day. The app
usage of patients with TIDM was higher than that of patients
with T2DM (108/473, 22.8% vs 79/733, 10.8%; P<.001). The
utilization rate of adult patients with TIDM was higher than
that of juvenile patientswith TIDM (80/295, 27.1% vs 28/178,
15.7%; P=.004). A comparison of patients located in the 10
provinces of top GDP per capita[38] with the other 20 provinces
showed that the former had higher diabetes app usage than the
latter (79/401, 19.7% vs 118/875, 13.5%; P=.004).

http://mhealth.jmir.org/2019/2/e12658/

The app usage of juvenile patients with TIDM treated with an
insulin pump was higher than that of those treated with a
subcutaneous injection (13/49, 26.5% vs 15/128, 11.7%;
P=.009). The comparison of the 3 groups of juvenile patients
with different parental educational levels (junior middle school
and below, senior high school, and university and above)
revealed that a higher education level of parentswas associated
with a higher app usage (4/64, 6.3% vs 6/41, 14.6% vs 17/65,
26.2%; P=.008). App usage in children was higher than that in
adolescents, but the difference was not statistically significant
(21/106, 19.8% vs 7/72, 9.7%; P=.07).

A univariate regression analysis showed that app use by adult
patients was significantly associated with age, annual family
income, occupation, education, locus, type of diabetes, and
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treatment (P<.05). Gender, disease duration, and rural or urban
residence had no correlation with app use. Variables with
statistical significance were included in the multivariate
regression analysis. Diabetestype, age, education, annual family
income, and location remained statistically significant (P<.05).
Compared with low-income patients, patientswith high income
had higher app usage (OR=1.73, 95% CI 1.07-2.81; P=.03).
The use of apps decreased with patient age. Notably, the higher
the education level of the patients, the higher was the usage of
apps (see Table 2).

Zhang et a

Patients' Need for and Selection of Diabetes Apps

Patients with both TAIDM and T2DM believed that the most
important functions of a diabetes app were diabetes diaries
(blood sugar, diet, exercise, and medication records) and
doctor-patient communication (Table 3). Patients with T2DM
had a greater demand for doctor-patient communication
(299/733, 40.8% vs 151/473, 31.9%; P=.002), and patientswith
T1DM had a greater demand for an insulin dose calculator
(51/473, 10.8% vs 11/733, 1.5%; P<.001). Almost al patients
believed that the listed functions were important or very
important (Figure 2).

Table 2. Factors associated with app use by multivariate logistic regression analysis (N=1008).

Characteristics App usage rate, n (%) Adjusted odds ratio (95% CI) P vaue
Age (years)
18-392 97 (27.2) b _
40-59 47 (10.7) 0.42 (0.27-0.65) <.001
=60 19 (9.0) 0.40 (0.22-0.72) .002
Annual family income®
¥<50,000% 34(10.9) — —
¥50,000-100,000 50 (16.1) 1.38 (0.84-2.28) 20
¥>100,000 79 (20.5) 1.73 (1.07-2.81) .03
Diabetestype
T2DM3d 78(11.2) — _
T1IDME 76 (29.7) 2.0(1.30-3.05) .001
Gestational diabetes 3(11.1) 0.47 (0.13-1.67) 25
Unknown type 6 (16.2) 0.15 (0.45-2.93) 77
L ocation
The other 20 provinces® 96 (14.1) - —
10 provinces of the top GDP per capita 67 (20.5) 15(1.04-2.17) .03
Education
Junior middle school or below? 18(7.6) - -
High school 49 (15.0) 1.85 (1.02-3.37) .04
University or above 96 (21.7) 2.40 (1.34-4.25) .003
8Reference group.
BNot applicable.

€90 samples with missing data on family income were excluded from the logistic regression analysis.

4T2DM: type 2 diabetes mellitus.
®T1DM: type 1 diabetes mellitus.
fGDP: gross domestic product.
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Table 3. App functions considered to be most important by patients with both TADM and T2DM.
Features T1DM?(N=473), n (%) T2DMP (N=733), n (%) P vaue®
Diabetes diaries 109 (23.0) 192 (26.2) 22
Doctor-patient communication 151 (31.9) 299 (40.8) .002
Diabetes education knowledge 54 (11.2) 86 (11.7) .87
Peer support 13(2.7) 10(1.4) .09
Insulin dose cal culator 51 (10.8) 11 (1.5) <.001
Abnormal blood sugar reminder 60 (12.7) 85 (11.6) .57
Blood sugar test reminder 8(1.7) 15(2.0) .66
Others 27(5.7) 35 (4.8) A7
3T1DM: type 1 diabetes mellitus.
bT2DM: type 2 diabetes mellitus.
CA Chi-square test was used to calculate P values.
Figure 2. Importance of different app functions reported by patients with diabetes (N=1276).
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Differencesin app selection were found between patients with
T1DM and patientswith T2DM (see Table 4). The most popular
app among patients with TIDM was Diabetes Circle (30/108,
27.8%), which istargeted for patientswith TIDM, followed by
Diabetes Nurse (28/108, 25.9%) to which blood sugar tested
by a Dnurse glucometer (Sinocare Inc) can be directly
transmitted. The most popular app among patients with T2DM
was Diabetes Nurse (34/79, 43.0%).

Only 19.3% (38/197) of the appswere recommended by HCPs.
Most patients sel ected diabetes apps as recommended by other
patients (55/197, 27.9%) or sel ected randomly becausethey did
not know which one was best (54/197, 27.4%). The rest were
recommended by the media (30/197, 15.2%) or other channels
(20/197, 10.2%).

Table4. Differencesin the selection of diabetes apps between patients with type 1 diabetes mellitus (T1DM) and patients with type 2 diabetes mellitus

(T2DM).
App name T1DM (N=108), n (%) T2DM (N=79), n (%) P value?
Welltang (Shanghai Geping Information Technology Co, Ltd) 24 (22.2) 5(6.3) .003
Diabetes Circle (Aibaowei Biotechnology Co, Ltd) 30(27.8) 3(3.8) <.001
Control Diabetes (Fuzhou Kangwei Network Technology Co, Ltd) 1(0.9) 5(6.3) .08
Diabetes Doctor (Shanghai Huima Medical Technology Co, Ltd) 6 (5.6) 14 (17.7) .008
Diabetes Nurse (Beijing Dnurse Technology Co,Ltd) 28 (25.9) 34 (43.0) .01
Others 19 (17.6) 18 (22.8) 38

8A Chi-square test was used to calculate the P values.
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Patients' Perspectives on Diabetes Apps

Among the patients who had used diabetes apps, the reasons
for discontinuation of useincluded limited time (59/197, 29.9%),
complicated operations (50/197, 25.4%), ineffectiveness for
glycemic control (48/197, 24.4%), cost (38/197, 19.3%), and
others (48/197, 24.4%). Most patients thought that the diabetes
app wasvery helpful (89/197, 45.2%) or hel pful (67/197, 34.0%)
to them. Overall, 14.2% (28/197) of the patients thought it was
a little helpful. Only 6.6% (13/197) of them thought it was
unhelpful.

Of the patients, 58.4% (115/197) indicated that their apps had
a function for consulting HCPs and, of these patients, 50.4%
(58/115) had used the function to consult an HCP. The
proportion of patients with T2DM who consulted HCPs was
higher than that of patientswith T1DM, but this difference was
not statistically significant (26/46, 57% vs 28/61, 46%; P=.28).
A total of 67% (39/58) of their consultations were free. Most
patients thought that these consultations were helpful (33/58,
57%) or very helpful (4/58, 7%). The reasons cited by the
patients as affecting the effectiveness of the consultation
included short consultation time (25/58, 43%), delayed response

Table 5. Characteristics of the surveyed diabetol ogists (N=608).

Zhang et a

(15/58, 26%), unqualified HCPs (10/58, 17%), and others (8/58,
14%).

Patients' Attitudes Toward Diabetes Apps

Only 34.87% (445/1276) of patients believed that consulting
HCPsviaapps should cost money. However, 59.72% (762/1276)
of these indicated that they would continue to use this function
if the consultation effect was good. Of these, 8.30% (106/1276)
said they would certainly continueto useand 31.97% (408/1276)
said they would not continue to use the app if they had to pay.
Almost al patients said they were in need (889/1276, 69.67%)
or in great need (335/1276, 26.25%) of agood app to help with
their glycemic control. Only 4.08% (52/1276) of them said they
did not need a diabetes app.

Diabetologist Survey

Diabetologists Recommendation and Use of Diabetes
Management Apps and Associated Factors

Intotal, 608 diabetol ogists (223 from North Chinaand 385 from
South China) from 21 provinces in China responded to the
diabetologist survey. Table 5 shows the characteristics of the
surveyed diabetol ogists.

Characteristics Statistics
Gender, n (%)
Male 197 (32.4)
Female 411 (67.6)
Age (years), n (%)
<30 99 (16.3)
30-39 274 (45.1)
40-49 162 (26.6)
50-59 67 (11.0)
260 6 (1.0)
Title, n (%)
Resident 141 (23.2)
Attending specialist 239 (39.3)
Associate chief doctor 125 (20.6)
Chief doctor 103 (16.9)
Hospital level, n (%)
Tertiary hospital 419 (68.9)
Secondary hospital or lower 189 (31.0)
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Figure 3. App awareness rate, recommendation rate, and usage among different age groups of diabetologists (N=608).
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Of the diabetologists, 43.8% (266/608) had downloaded a
diabetes management app, 40.5% (246/608) of them had
recommended diabetes apps to their patients, and 25.2%
(153/608) used diabetes apps to manage their patients. The app
awareness rate was lowest in the doctor group younger than 30
years (47/99, 47%) and it gradually increased with age (P<.001).
App recommendation rate and usage increased gradually with
the age of doctors. The highest recommendation rate and usage
were found in the 40 to 49 age group (84/162, 51.9% and
55/162, 34.0%, respectively), and then decreased again with
age (P=.002 and P=.003, respectively; Figure 3). The app
recommendation rate and usage among doctors in tertiary
hospital swere higher than those in secondary or lower hospitals
(190/419, 45.3% vs 56/189, 29.6%; P<.001 and 119/419, 28.4%
vs 34/189, 18%,; P<.001).

The app most recommended by diabetologists was Diabetes
Doctor (56/246, 22.8%), which enables doctorsto follow their
patients, followed by Welltang (45/246, 18.3%), which is the
only app tested viaan RCT in China. The most important factors
that influenced diabetologists' recommendations of appsto their
patients included not knowing of a suitable app (296/608,
48.7%), not knowing of the existence of diabetes apps (212/608,
34.9%), no time to recommend (182/608, 29.9%), no evidence
demonstrating their effectiveness (90/608, 14.8%), no effect on
blood sugar (47/608, 7.7%), and others (49/608, 8.1%).

The greatest obstacles to diabetologists' use of apps to manage
patients with diabetes include limited time (280/608, 46.1%),
legal issues (129/608, 21.2%), patients' distrust (108/608,
17.8%), uncertainty on how to bill patients (66/608, 10.9%),
and others (25/608, 4.1%). The proportion of diabetologistsin
tertiary hospitals who thought the largest obstacle was limited
time was higher than that in secondary or lower hospitals
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(212/419, 50.6% vs 68/189, 36.0%; P=.001). The proportion
of doctors who believed that the greatest obstacle was patient
distrust was higher in doctors from secondary or lower hospitals
and junior doctors than in doctors from tertiary hospitals and
among senior doctors (47/189, 24.9% vs 61/419, 14.6%; P=.002;
and 38/141, 27.0% vs 70/467, 15.0%; P=.001, respectively).

Inall, 94% (141/150) of the diabetol ogists use apps to manage
patients free of charge. Most of them managed less than 50
patients (125/150, 83.3%). Most diabetologists who had
managed patients with an app thought that the app had some
effect (83/150, 55.3%) or minimal effect (58/150, 38.7%) on
blood sugar, whereas 2.0% (3/150) thought it had no effect and
4% (6/150) thought it was very effective. Most diabetologists
did not know whether it waslegal to use appsto manage patients
(311/608, 51.2%), and 33.6% (204/608) and 15.3% (93/608)
thought that using an app for this purpose waslegal andillegal,
respectively.

Diabetologists' Perspectives of Diabetes Apps

The diabetologists believed that the most important functions
of a diabetes app were diabetes diaries (247/608, 40.6%) and
doctor-patient communication (233/608, 38.4%,; Figure 4). Of
the diabetologists, 71.5% (435/608) believed that patients with
T1DM and patients with T2DM needed different apps.

Diabetologists believed that the reasons for the poor effect of
a diabetes app on blood sugar included the following: patients
could not adhere to the use of apps (431/608, 70.9%); HCPs
did not participatein apps or gavetoo little guidancefor patients
(383/608, 63%), diabetes education knowledge on an app was
not systematic (280/608, 46.1%), apps lacked comprehensive
functions (225/608, 37.0%), and others (16/608, 2.6%).
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Figure 4. Diabetes app functions considered to be most important by diabetol ogists (N=608).
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Diabetologists’ Attitudes Toward Diabetes Apps

Most diabetologists said they might (380/608, 62.5%) or would
certainly (219/608, 36%) use a diabetes app to manage patients
in the future. Only 1.5% (9/608) indicated that they would not
manage diabetes patients using an app. Most said that they might
(349/608, 57.4%) or would definitely (253/608, 41.6%)
recommend diabetes apps to their patients, whereas only 1.0%
(6/608) said that they would not recommend one. Most
diabetologists believed that diabetes apps showed good
(325/608, 53.5%) or very good (127/608, 20.9%) potential.

Discussion

Principal Findings

Diabetes App Use among Diabetes Patients and Its
Associated Factors

App usage was 22.8% among patients with TADM and 10.8%
among patientswith T2DM, which was comparable with surveys
conducted in New Zealand [22] and Australia[23], and higher
than the 7% found in a Scottish survey in 2016 [25] and the 3%
found among Latinos in 2015 [21]. The app usage of patients
with T2DM in Chinawas|ower than that of patientswith TADM
and was associated with age, education, family income, and
location. The possible reasons are that younger patients and
well-educated patients are more likely to acquire and accept
new technology, and those with higher household income are
more likely to focus on their glycemic control and actively seek
new ways to control blood sugar. China's economic
devel opment is unbalanced, and medical resourcesare unevenly
distributed and relatively concentrated in economically
developed areas [7]. There are obvious regional differencesin
glycemic control in China[39]. Theregional differencein app
usage might be related to these differencesin glycemic control.
Furthermore, the app usage among patients with T2DM was
lower than that among patientswith TIDM, which is consi stent
with former studies [22,23]. This finding may be because the
blood sugar of patients with TIDM is more difficult to control
and their need for an app is greater.
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We found that the app usage in children was higher than that
in adolescents, possibly because children’sblood sugar isalways
managed by their parents, as their parents use diabetes apps to
help with glycemic control. However, adolescents gradually
withdraw support from their parents and take over the
management tasks.

Suggestions for Promoting Diabetes App Use

App use among patients with diabetesin Chinais low, largely
because of the low awareness of diabetes apps. Only 29.94%
of the patients knew that diabetes apps existed, but only half of
these patients who knew of diabetes apps would use one.
Additionally, many doctors, particularly younger doctors, had
no information on diabetes apps. Specifically, younger doctors
had less awareness of diabetes apps than did senior doctors,
which might be rel ated to younger doctors having less awareness
of the progress made in diabetes treatment. Therefore, public
awareness of diabetes apps must be increased.

Our study found that only asmall number of patient apps were
recommended by doctors. Most apps were recommended by
patients or were casualy chosen. In total, 40.5% of the
diabetologists in China recommended diabetes apps to their
patients, which was lower than the 60.1% found in the New
Zealand survey [22] and the 62% found in the US survey [40].
The most important factor that influenced diabetologists
recommendation of apps to patients was that they had no idea
of asuitable one among the numerous apps. Although there are
thousands of diabetes apps, only a small number of them were
tested for efficacy [31]. The quality of the studieswas not high,
and the effects of the apps on blood sugar were inconsistent
[41]. Thus, itisdifficult for HCPs to recommend a suitable app
to their patients. Therefore, it is very important to carry out
high-quality RCTsto test app efficacy [42].

Barriersto Doctor-Patient Communication and
Suggestions for | mprovement

Both diabetologists and patients believed that doctor-patient
communication and diabetes diaries were the most important
functions of a diabetes app, which was consistent with our
previous report [26]. The app most recommended by

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 2 [e12658 | p.231
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

diabetol ogists was one that doctors could useto follow-up with
their patients. However, only 25.2% of the diabetologists
managed diabetes patients with apps.

The main reasons given by diabetologists as affecting patient
management with appswere limited time, issue of legality, and
patients distrust. More doctors in tertiary hospitals than in
primary hospitals thought that the largest obstacle to using an
app to manage patientswith diabeteswas limited time, and more
younger doctors and doctors from primary hospitals believed
that patients distrust was the largest obstacle. Therefore,
improving the specialty of young doctors and doctors from
primary hospitals can effectively improve patients' trust in these
doctors, reduce the burden on senior doctors from tertiary
hospitals, and effectively promote using diabetes appsto manage
patients. Fortunately, the Chinese government is actively
promoting standardized training for residents and a hierarchical
medical system, which will effectively reduce the burden on
doctorsfromtertiary hospitals, improve the speciaties of young
doctors and doctors from primary hospitals, and enhance
patients’ trust in them. Owing to alack of face-to-face physical
examinations and complete medical histories, most doctorsdid
not know whether using an app to manage patients was legal.
China is vigorously promoting internet health care and
improving relevant legislations [43]. Therefore, it may become
possible for doctors to manage their patients with an app.

The approach used to bill patients was also a reason given by
diabetologists that affected patient management. At present,
most diabetol ogists use apps to manage patients free of charge,
which affects the HCP's enthusiasm. Medical insurance should
be included, and an effective billing system should be
established.

Suggestions for the Design of Diabetes Apps

There were a few differences in the needs of an app between
patients with TIDM and patients with T2DM. More patients
with TIDM believed that the insulin dose calculator was the
most important function of diabetes apps. Patients with TADM
rely on insulin therapy, and insulin dosage must be adjusted
according to diet and exercise. Thus, these patients have a
greater need for this function. There were also differences in
the choice of apps between the 2 groups. The most common
choice of patients with TLDM was an app targeted for patients
with TIDM (Diabetes Circle). The most common choice of
patients with T2DM was Diabetes Nurse, to which blood sugar
tested by a Dnurse glucometer can be directly transmitted.
Additionally, most doctors believed that patients with TIDM
and patients with T2DM need different apps. Therefore, apps
should be designed according to different types of diabetes
patients' demands.

The data entry burden is the major reason why patients cannot
persist in using an app [44]. Data transferred directly from a
glucometer to an app will reduce the data entry burden, which
is why most patients chose the Diabetes Nurse app.
Diabetologists believed that the main reason why an app was
ineffective was that patients could not persist in using it. The
main reasons why patients did not want to continue to use an
app were lack of time and complicated operations. Therefore,
app design should enable blood sugar data from glucometers
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to be automatically transmitted to the app, which will greatly
increase patient compliance.

Of the diabetologists, 46.1% believed that alack of systematic
and standardized diabetes education knowledge was a reason
for the poor efficacy of apps. Most apps do not have educational
information cited from accredited sources[45]. Previous studies
indicated that amobile app was preferableto receiving DSMES
in ahospital [26,46]. Therefore, diabetes education knowledge
compiled by a multidisciplinary team will effectively improve
patients’ self-management ability and improve the effectiveness
of an app.

Prospect of Diabetes Apps

Almost al patients indicated that they needed an effective app
to manage blood sugar. Almost all diabetologists said they
would or could use diabetes apps to manage patients and
recommend diabetes appsto their patients. Chinahasthelargest
number of patientswith diabetesin theworld[2], and our results
suggest that diabetes apps have a very good future in China.

Comparison With Prior Work

To our knowledge, no large-scale investigations have been
conducted on diabetes app use among people with diabetesin
China. An Australian survey suggested that disease duration
was related to the use of app in diabetes patients [23,24]. Our
study did not find such an association, probably because of
different samples. The Australian survey only investigated
patients with a disease duration of more than 1 year, and our
study included patients of all disease durations. Furthermore,
the disease durations were self-reported and might be inaccurate.
Our study found that diabetes app users tended to be younger,
have higher incomes, and be more educated, which was
consistent with a health app survey in the United States [44].

Boyle et al investigated both diabetes patients and HCPs for
their use and beliefs about diabetes apps. They also found that
diabetes diarieswere most useful for diabetes patients[22]. Our
strength wasthat we recruited alarge sample throughout China,
and we also investigated the patient-doctor communication
feature from the perspectives of both patients and doctors, which
isconsidered to be the most important function by both patients
and diabetol ogists [26].

Few studies have surveyed diabetes app use from the point of
view of HCPs. Karduck and Chapman-Novakofski investigated
clinicians' perspectives on mHealth apps and found that most
clinicians (62%) recommended mabile phone apps to their
patientsto track their diet and physical activity [40]. Our study
found a 40.5% recommendation rate. However, most of their
sampleswere nutritionists and diabetes educators. Werecruited
only diabetol ogi sts because diabetes patientsin Chinaare mostly
treated by these doctors.

In addition to investigating patients app use, we aso
investigated diabetologists use, perspectives, and attitudes
regarding diabetes apps, aswell as patients' needs, perspectives,
and attitudes regarding diabetes apps. Therefore, we can provide
more effective information for app design and promotion of
app usage and better understand the diabetes app market in
China
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Limitations

A strength of our study was that the patient and diabetol ogist
survey linkswereinitially sent to doctorsfrom 46 LADA China
Study collaborative hospitals in 25 representative major cities
and spread on their WeChat contact networks. In addition to
this snowball sampling method, patients with diabetes were
surveyed via convenience sampling on 3 WeChat public
accounts. Finally, our sample came from 30 provinces across
China. Our research a so had severa limitations. First, the 1276
sampled patients did not sufficiently represent the large
population of patients with diabetes in China. Second, our
sampling was not stratified by geographic region, urban or rural
location, socioeconomic status, age, or diabetes type. Some
selection bias was unavoidable. Although the mean age of our
patient sample was comparable with that of the national survey
concerning diabetes prevalence in China [47], the proportion
of patientswith T1LDM in our sample was higher than the actual
disease proportion of total patients with diabetes [48]. Finally,
our sampling was based on the WeChat network. Although
WeChat has 1.04 billion monthly active users[49], some people
do not use WeChat or surf the internet. Thus, actual app usage
might be lower, particularly among elderly patients.

Our study was a cross-sectional survey. Although patients
perspectives and attitudes are very important when developing
a mobile app for their use [50,51], peopl€e's attitudes toward
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what is useful and what might work are heavily anchored in
their present experience regarding the development of
technology and how it isimplemented. Therefore, thesefindings
must be updated over time astechnol ogy develops and people’s
perceptions change. Furthermore, many factors influence app
use. Although we adjusted for some factors in the multivariate
analysis, other potential confounding factors remain.

Conclusions

Using an exploratory approach, we found that awareness and
use of diabetes apps among the Chinese diabetic population and
the proportion of diabetologists using diabetes apps to manage
patients are low. There are a few differences in the needs for
and choice of diabetes apps between patients with TADM and
patients with T2DM. Therefore, designing apps targeted for
different patients' needs and conducting high-quality RCTswill
improve the effectiveness of apps, provide evidence for patients
to choose suitable apps, and be conducive to the promotion of
diabetes apps. China should increase public awareness of
diabetes apps, and relevant policies and regulations are needed
to support doctors’ use of apps to manage patients. Diabetes
app use in China has good potential. Diabetes apps are
potentially effective supplements that can be used in traditional
outpatient clinics to improve glycemic control in Chinese
patients with diabetes.
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Abstract

Background: An incentive spirometer (1S) isamedica device used to help patients improve the functioning of their lungs. It
isprovided to patients who have had any surgery that might jeopardize respiratory function. An incentive spirometer plays akey
rolein the prevention of postoperative complications, and the appropriate use of an ISisespecially well known for the prevention
of respiratory complications. However, |S utilization depends on the patient’s engagement, and information and communication
technology (ICT) can help in this area.

Objective: This study aimed to determine the effect of mobile ICT on the usage of an IS (Go-breath) app by postoperative
patients after general anesthesia.

Methods: For this study, we recruited patients from April to May 2018, who used the Go-breath app at asingle tertiary hospital
in South Korea. The patients were randomly classified into either atest or control group. The main function of the Go-breath app
wasto allow for self-reporting and frequency monitoring of 1S use, deep breathing, and active coughing inreal time. The Go-breath
app wasidentical for both thetest and control groups, except for the presence of the alarm function. Thetest group heard an alarm
every 60 min from 9 am to 9 pm for 2 days. For the test group alone, a dashboard was established in the nurse's station through
which anurse could rapidly assess the performance of multiple patients. To evaluate the number of performances per group, we
constructed an incentive spirometer index (1S1).

Results: A total of 44 patients were recruited, and 42 of them completed the study protocol. 1S in the test group was 20.2 points
higher than that in the control group (113.5 points in the test group and 93.2 points in the control group, P=.22). The system
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usability scale generally showed almost the same score in the 2 groups (79.3 pointsin the test group and 79.4 pointsin the control
group, P=.94). We observed that the performance rates of 1S count, active coughing, and deep breathing were also higher in the
test group but with no statistically significant difference between the groups. For the usefulness “yes or no” question, over 90%
(38/42) of patients answered “yes’ and wanted more functional options and information.

Conclusions: The use of the Go-breath app resulted in considerable differences between the test group and control group but
with no statistically significant differences.

Trial Registration: ClinicalTrials.gov NCT03569332; https://clinicaltrial s.gov/ct2/show/NCT03569332 (Archived by WebCite

at http://www.webcitation.org/74ihKmQI X).

(JMIR Mhealth Uhealth 2019;7(2):€12204) doi:10.2196/12204

KEYWORDS

incentive spirometer; mobile health; postoperative care; gastric cancer; motivation

Introduction

Background

Vigorous and multidisciplinary efforts are required to prevent
postoperative complications following prolonged general
anesthesia[ 1], and an incentive spirometer (1S) playsakey role,
especially for patients with limited mobility [2]. An incentive
spirometer is a medical device used to help patients improve
the functioning of their lungs. It is provided to patients who
have had any surgery that might jeopardize respiratory function.
The IS is used for the prevention of atelectasis, hypoxemia,
pneumonia, respiratory dysfunction, and pleural effusion [3,4].
However, IS utilization has remained the same since its initial
development in the 1960s, and the usage protocol has not been
standardized [5-8].

Although many mobile phone apps have been developed for
self-management in various clinical settings, only afew cases
showing their use in postoperative care were reported [9], even
though subjective activity by patients caninfluencetheir clinical
hospital outcomes. Therefore, with help from mobileinformation
and communication technology (ICT), patients can be more
engaged in behaviors that can lead to better clinical results
[3,10,11].

A mobile ICT for hospitalized postoperative patients can
improve clinical outcomes by severa pathways: it can encourage
patients by informing them of important performance indices
such asexercise duration [12-14], and it can connect the patient
and provider with areal-time dashboard that can support prompt
provider reactions. In a previous study, a postoperative group
of patientsusing mobile | CT recovered significantly better than
acontrol group [9].

Objective
Therefore, the goal of this study was to determine the effect of

mobile ICT on the performance of postoperative patients using
an IS (Go-breath) app after general anesthesia.

Methods

Study Design
This was a single-center, randomized controlled trial (RCT)

assessing the effectiveness of an IS self-reporting app
(Go-breath) to improve | S performance and effectiveness. This

http://mhealth.jmir.org/2019/2/€12204/

trial was registered with the US National Institutes of Health
Clinical Trials Registry (NCT03569332).

Study Setting
Thisstudy was conducted at an academic tertiary center located
in Seoul, Korea. The hospital’s expertiseis cancer care. It hosts

approximately 2000 inpatient beds and registers approximately
8500 outpatients per day.

Gastric cancer is one of the major diseases treated in the
institution. The hospital’s Critical Pathway defines the routine
care process for gastric cancer surgery as follows. The patient
is admitted the evening before the surgery and discharged
approximately 9 to 10 days after surgery—the discharge period
of laparotomy is postoperative day (POD) 8 and for laparoscopy
is POD 7—without complications, the patient receives
instructions on the routine use of an IS before the surgery, and
its useisinitiated the morning after the surgery (POD 1).

Study Participants

Participantswere enrolled from April to May 2018. Werecruited
patients from the surgical ward immediately after the admission
process. Our eligibility criteria stipulated that patients were
older than 18 years and planned to undergo robotic or
laparoscopic surgery or a laparotomy. The enrollment was
performed the day before the surgery, and the intervention was
initiated the day after the surgery (POD 1). Following
recruitment, participantswere provided written informed consent
and randomized using a Web-based random number generator
and sealed enveloped in a 1:1 ratio. If the patient was in the
intensive care unit (ICU) or in an emergency condition requiring
nonelective surgery, he or she was excluded from the study.
The patients were dropped from the study if the postoperative
state of the patients was not difficult to predict in advance and
if their postsurgical condition (and before the initiation of
intervention) was consistent with the exclusion criteria such as
ICU admission. Dropout was only permitted on the day of
surgery (POD 0).

Study Protaocol

Patientswere all ocated to the test and control groups after giving
their consent for the study. Patients received a tablet with the
Go-breath app installed, and they received information about
the app and use of the IS for approximately 30 min. The IS
awareness session was carried out using either video clips
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(Multimedia Appendix 1) or nursesas part of theroutine clinical
process.

Generaly, the nurseswere encouraged to check the performance
of the IS on the patients over 10 times every hour after the
surgery, and someward nurses checked the | S performancerate
more than 10 times per hour from 9 am to 9 pm.

The Go-breath app was identical for both the test and control
groups except for the alarm function. The test group heard an
alarm every 60 min from 9 am to 9 pm during POD1-POD2 (a
total of 24 hours). For the test group only, a dashboard was
established in the nurse's station through which a nurse could
rapidly assessthe performance of multiple patients. On the other
hand, the control group was not provided an alarm function or
nurse dashboard identification. The control group only entered
the number of 1S performances using the app.

The measurement of 1S use was unlimited, but the record of the
Go-breath app and dashboard would show up to a maximum of
10times per hour. We named thistheincentive spirometer index
(1S1), and a description of this index is provided in the major
outcomes section. Termination of the study occurred in the

Soh et &

morning of POD 3. Study assistants visited each patient,
collected devices, conducted a short survey about usability
among the patients and interviewed the patients for subjective
opinions. Even though the study intervention lasted for only 2
days, the patients outcomes were tracked until the day of
discharge. An overview of the study protocol is provided in
Figure 1.

Device and System

Hardware and System Architecture

The system was constructed based on the opinions of health
providers and comprised a mobile phone app for patients and
a server for medica staff. Patients could self-input their
performance of IS, active coughing, and deep breathing every
time. This information was transmitted to a nurse dashboard
for areal-time check. All patientswere given the same hardware
(Galaxy tablet A 8.0, Samsung, purchased 2018) running
Android 8.0, and the mobile Go-breath app was tested on
Android 8.0 utilizing an Amazon Web service server (Figure
2).

Figure 1. Study protocol. Superscripted "a" indicates alarm every 50 min for insufficient during 9am-9pm (alarm off during 9pm-9am); "b" indicates
calculation of performance score applies only to incentive spirometer (full score 240, 10 out of 10 points). V/S: blood pressure, fever, body temperature,
respiration rate; CRP: C-reactive protein; |S: incentive spirometer; PA: posterior to anterior; WBC: white blood cell.
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Figure 2. Screenshot of the Go-breath app (left) and dashboard (right). The original version was in Korean, but it was modified to display English.
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Go-breath App

The main function of the Go-breath app was to alow for
self-reporting and frequency monitoring of 1S, deep breathing,
and active coughing in real-time. In principle, patients were
instructed to usethe 1S 10 times every hour and simultaneously
report it to the app. The optimal number of timesto usethe IS
was derived from the literature [2,6]. Patients could also check
on their current state and edit previous indices they had input
(Figure 3).

The Go-breath app was set to alarm when the number of | Suses
did not reach 10 in an hour. The app was set to ring 10 min
before the end of each hour to give the patientstimeto complete
the expected number of hourly uses. When the patientsfulfilled
their hourly IS use, the alarm would silence automatically.
However, patients could silence the alarm. When the muteicon
was pressed, the alarm would be deactivated for 2 hours and
would reactivate by default. This functionality was provided
because some of the patients could be away from their bed for
various reasons, and the alarm could disturb other patients. The
system remained frozen during the study period. We had
preserved the anonymity of the patients by an unidentified
number.

Go-breath Dashboard

Only information from the test group was displayed on the
Go-breath dashboard. The dashboard showed IS performance
that did not include other measures, such as deep breathing and
active coughing. Each patient was displayed as a card with his

Soh et &

or her location and POD information. For each card, the patient’s
I'SI during the most recent 6 hourswas displayed asabar graph.
If the most recent hourly ISl was not optimal (below 10), the
card turned red. The timing and alarm rules were identical to
that of the Go-breath app (Figure 3).

Major Outcomes

Primary Outcome

We devel oped the | SI, which ranged from 0 to 120 per day. The
maximum score was 240 for a 2-day observation period. We
developed an outcome index using clinical experts and
supporting literature [2,6-8]. The ISI was defined as 10 points
per each hour, the frequency of IS use was 10 times or morefor
that hour. If the frequency was below 10 for that hour, the score
was rated as 0. |1SI was only measured from 9:00 am to 9:00
pm at PODs 1 and 2. We compared the IS of the test group and
control group.

Secondary Outcome

The secondary outcome was the System Usabhility Scale (SUS).
At the end of the study, patients completed an offline
guestionnaire to evaluate the system using the SUS, which is
widely used in health information technol ogy research [15-20].
The questionnaire measures the usability of hardware and
software products, and it comprises only 10 items that
respondents score on a 5-point Likert scale. Answers were
converted to a final 0- to 100-point score, and the higher the
score, the more usable the product [17,19,21].

Figure 3. System architecture. API: application programming interface; AWS: Amazon Web Service.
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Other Outcomes

In addition to the magor outcomes, we measured IS use
frequency, active coughing frequency, deep breathing, and
clinical results (aslength of stay). Clinical data, such as surgery,
laboratory data including white blood cell, C-reactive protein,
vital signs (fever), and chest posterior to anterior, and length of
stay were also collected.

I nterviews

After the study, abrief face-to-faceinterview with every patient
was performed by a research assistant. Patients answered
whether the system was helpful or not and rated the score.
Patients' subjective opinions of the system were also gathered
during the process.

Data Collection

We collected the patients' baseline demographic information
along with variables associated with surgery including surgeon,
type of surgery, and duration of the operation. In the trid, all
participants were asked to record log when they started and
finished Go-breath app every day. Missing entries were
interpreted as a missed value.

Sample Size Calculation

We calculated the sample size of this study with the G-power
3.1 program (Statistical power analyses using G*Power 3.1
[22]). Severa assumptions were made to set the sample
population. The power was set to 0.90, significance level was
set to .05, and effect size was 1.00. The minimum number of
samples for the Wilcoxon rank-sum test was 19 in each group.
We assumed that the | Sl would be different by 60% (12/20; test
group) versus 40% (8/20; control group), with SDs for each
group. This assumption was made based on expert opinions
because there was no evidence that described IS freguency.
Under these conditions, the sample size was 19 patients, and
finally, 22 patients were selected for each group considering a
dropout rate of 10%.

http://mhealth.jmir.org/2019/2/€12204/
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Results

Study Participants

We recruited 44 patients from April to May 2018, with 22
patients allocated to the test group and 22 patients allocated to
the control group from patients who used the Go-breath app at
asingle tertiary hospital in South Korea. A total of 2 patients
were excluded because of clinical conditions. The overall
average agewas 55.9 (SD 12.9) years. The proportion of female
patients was 34.1%. All patients had gastric cancer, and the
overall average surgery time was 169 (SD 46.2) min. The
demographic information of both groupsis shown in Table 1.

Major Outcomes

The primary 1Sl outcome and the secondary SUS outcome are
shown in Table 2, and no statistically significant differences
were noted in these outcomes between the test and control
groups. SUS of both groups showed good to excellent grade
[21].

For the performance measures, both the IS rate count and deep
breathing showed a higher performance without a statistical
significance. However, active coughing showed a significantly
higher performancein the test group compared with the control
group. For the clinical results, including inflammatory markers
and pulmonary complications, there were no statistically
significant differences between the test and control groups
(Table 3).

Interviews

For the usefulness questionnaire, 90.0% of the test group and
90.9% of the control group answered yes. Therewere 3 domains
of opinions; function addition, function ateration, and etc. The
2 most wanted functions were exercise tracking and peer
patients' information, and the most frequent complaint was
about Wi-Fi connection issues (Table 4).
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Table 1. Demographic characteristics of patientsin the test and control groups.

Category Test group (N=22) Control group (N=22)
Sex, n (%)
Female 6 (27) 9 (40)
Male 16 (72) 13 (59)
Dropout, n (%) 2(9 0(0)
Age (years), n (%)
30-40 14 4(18)
50-60 12 (54) 11 (50)
70-80 8(36) 7(31)
Over 80 1(4) 0(0)
Method of surgery, n (%)
Laparotomy 10 (45) 8 (36)
L aparoscopy, robotics 12 (54) 14 (63)

Physicians, n (%)

DrK 9 (40) 7(31)
DrB 3(13) 3(13)
Drs 5(22) 5(22)
DrL 5(22) 7(31)
Comor bidity, n (%)
Tuberculosis 0(0) 14
Diabetes mellitus 2(8) 2(9)
Hypertension 4 (20) 8 (36)
Others 2(10) 2(9)
Time of surgery? (min), mean (SD) 168 (54) 170 (36)

&Time of surgery was defined as the time from anesthesiato extubation time.

Table2. Major outcomes.

Index Test group (N=20), mean (SD) Control group (N=22), mean (SD) P value
1S12 113.5(0.8) 93.2(71.2) .22
susP 79.25 (20.59) 79.43 (18.83) .94

&3 (incentive spirometer utilization index) is a score of 10 points per hour if over 10 times from 9 am to 9 pm for 2 days, with a total maximum score
of 240.

bsus: System Usability Scale.
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Table 3. Other outcomes.

Soh et &

Category Test group (N=20) Control group (N=22) P value
Performancerate, mean (SD)
I ncentive spirometer, count 139.5 (61.2) 119.0 (84.5) 27
Active coughing 79.0 (52.78) 44.1 (43.62) .04
Deep breathing 107.8 (66.8) 94.8 (88.33) 49
Laboratory results, mean (SD)
WBC? Kk/mL 6.2(2.8) 5.9 (1.8) .93
CRP®, mg/dL 8.1(4.0) 8.2(2.9) .07
Length of stay, mean (SD) 10.8 (1.6) 10.40 (1.00) 57
Chest PA®, n (%)
Atelectasis 2(10) 3(15) 64
Feverd. n (96) 6 (30) 10 (45) 79
AWBC: white blood cell.
BCRP: C-reactive protein.
°PA: posterior to anterior.
dFever was defined as 37.5°C (99.59), and it means the number of people who have been checked for fever at least once.
Table 4. Components of the qualitative interview.
Part Contents Responses (n)
Function addition (N=12)  “I would like to have the ability to check the number of steps when walking after surgery.” 3

“1 would like areport function on the results of my performance compared with other patients 3

and checking the number of balls up.”

“1 wish | could hang it on a portable pole and small size device” 2

“1 would like to be provided with the training methods for coughing and deep breathing in addi-

tion”

“| wish that the software has more fun-factors.”
“1 wish my IS use data gets entered automatically.”

“I would like to have a medication schedule on the device.”

Alert function

“1 would like to be able to customize the alarm settings myself.”

“1 was very worried that the alarm would be annoying to other patients.”

Other components

“The device and solution were somewhat difficult for the elderly.”

“1 expected the nursesto inform me when my performance was not good, only to be disappointed

when they did not.”

“1 wish there was a notice function when the goal is achieved.”

“| did not want to use it because of Wi-Fi connection issues.”

=

N W W R R, N R R R

Discussion

Principal Findings

The purpose of this study was to assess the effectiveness of a
mobile phone app on improving the performance of the IS by
postoperative patients. The major intervention of this study was
to provide an interactive feedback system for patientsto improve
their breathing exercise behaviors. To our knowledge, this is
thefirst RCT that involvesthe | S and a mobile phone app even
though multiple research studies had previously shown their
feasibility [9,23]. We enrolled 42 patients, split between a test
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and control group, and compared their 1SI, which showed an
approximate 20% difference between the 2 groups (113.5, SD
50.8 vs 93.2, SD 71.2), dthough the difference was not
statistically significant.

Strength and Limitations

The negative outcome could have been influenced by severa
factors. First, the SDswere very highin both groups. Thismeans
the study population was heterogeneous with respect to IS use,
which was not considered when designing the clinical trial. To
the authors' knowledge, there was no literature with specific
measures of the IS. The SD was higher than other in-hospital
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indices, which was hard to foresee before the trial. In general,
the evidence on the effectiveness of thisapp islimited and needs
further investigation before implementation in mobile health
care. Recent studies have shown a substantial variation in the
effectiveness of mobile health apps. Previous studies have not
reported asignificant differencein clinical outcomesin mobile
health research because of the difficultiesin RCT settings, such
as small sample sizes and low levels of research design.
However, an effective clinical assessment of mobile health is
hard to achieve, and there have been various attempts to
determine health engagement and behavioral factors [24,25].

The second possible reason was that the feedback mechanism
could have influenced the control group more than intended.
Patients behave differently because of several factors, and many
patients come from anonmedical background. However, studies
involving the behaviors of hospitalized patients still need more
exploration. For example, the Diabetes Prevention Program was
introduced to Mobile App America by insurance companies.
Mobile App Americaisacompany with proven effective mobile
phone app development, and it focuses on participant
engagement and app value [26-29]. Individuals involved in
technological development, engineering, and theory tend to
focus on the technology itself [30]. However, health care user
engagement in a postoperation setting includes unpredictable
factors such as caregiving, word setting, Wi-Fi connections,
and nurse feedback.

The third possible reason could be the effectiveness of the
alarms. Many patients were sharing rooms with other patients
and were very concerned about the sound of the alarm bothering
others. To make this kind of trial more successful, patient
feedback should be carefully considered.

Nevertheless, the effect of the mobile phone app was
demonstrated along with the details of the ISl and performance
rate. All results were based on the difference between the test
and control groups. Although the effectiveness of the app was
not proven, the possible utility of a mobile phone app in the
postoperation setting was shown. In addition, this was the first
trial to collect real-time evidence of 1S device use over along
duration. Although we could not find astandard for how patients
should perform the IS, thisresearch is significant by itself.

The negative outcome of this study is because of the diversity
of the patients behavior than the effectiveness of the
intervention. Both the test and control groups showed a wide
SD, which diminished the statistical power. This could have
been prevented by appropriate sample size calculations, but to
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the authors' knowledge, no other study had revealed such a
wide difference in hospitalized patients behavior with
postoperative conditions.

The reason we had negative outcomes in the SUS could vary.
Though we wanted to make an interactive system and evaluate
its utility, amajority of the device’sfunctionswere very similar
in both groups. From the users’ aspect, reporting on the system
could have been the main task. The alarm function was amajor
intervention for recognition, but it could be a minor task for
patients.

This study did not detect a statistically significant difference
with Go-breath app usage between the test group and the control
group. However, considerable differences were still observed
between the 2 groups, and such differences may demonstrate
the possible effects of ICT on patient 1S engagement. The
surgical procedures, comorbidities (Multimedia Appendix 2),
and length of anesthesia could have also influenced the outcome,
which must have been minimized by randomization.

This study had some limitations. First, we could not measure
the frequency of the use of the Go-breath dashboard because of
thedifficulty of implementing it without substantially disturbing
the clinical routines of the acting nurses. Second, because our
system relied on the input from a number of patients
(nonblinded), the results could have been biased by the patients
subjective cognition, willingness, or adherenceto digital devices.
The existence of family members could have aso influenced
the input. However, even with these potential biases, inputting
the dataitself could have positively influenced the use of IS, as
with other mobile solutions [22]. The third limitation isrelated
to the second one; the control group could have been
substantially influenced by the device when inputting IS use.
Even without its alarm function, individuals in the test group
could see their current IS usage status, which could have
encouraged them to use it more frequently, aggravating the
Hawthorne effect. Finally, there was no confirmed function for
the performance rate. Although we made it possible to modify
the number of previous performances, it did not guarantee the
accuracy of the number of IS uses. To improve this, a sensor
that automatically measuresthe number of 1S uses could provide
more accurate data.

Conclusions

The use of the Go-breath app resulted in considerable differences
between the test group and control group but with no statistically
significant differences.
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Editorial notice: Thisrandomized study was only retrospectively registered. The editor granted an exception of ICMJE rulesfor
prospective registration of randomized trials because the risk of bias appears|ow and the study was considered formative. However,
readers are advised to carefully assess the validity of any potentia explicit or implicit claims related to primary outcomes or
effectiveness, as retrospective registration does not prevent authors from changing their outcome measures retrospectively.

Multimedia Appendix 1
Video clips for incentive spirometer after surgery.

[DOCX File, 2MB - mhealth_v7i2e12204 appl.docx ]

Multimedia Appendix 2
Co-morbidities in patients undergoing open surgery and robotic or laparoscopic procedures.

[DOCX File, 14KB - mhealth_v7i2€12204 app2.docx |

Multimedia Appendix 3
CONSORT - EHEALTH checklist (V 1.6.1).

[PDE File (Adobe PDF File), 3MB - mhealth_v7i2e12204_app3.pdf |
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Abstract

Background: Telemonitoring (TM) canimprove heart failure (HF) outcomes by facilitating patient self-care and clinical decision
support. However, these outcomes are only possible if patients consistently adhere to taking prescribed home readings.

Objective: The objectives of this study were to (1) quantify the degree to which patients adhered to taking prescribed home
readings in the context of amobile phone-based TM program and (2) explain longitudinal adherence rates based on the duration
of program enrollment, patient characteristics, and patient perceptions of the TM program.

Methods: A mixed-methods explanatory sequential design was used to meet the 2 research objectives, and all explanatory
methods were guided by the unified theory of acceptance and use of technology 2 (UTAUT?2). Overall adherence rates were
calculated asthe proportion of days patients took weight, blood pressure, heart rate, and symptom readings over the total number
of days they were enrolled in the program up to 1 year. Monthly adherence rates were a so calculated as the proportion of days
patientstook the same 4 readings over each 30-day period following program enrollment. Next, simple and multivariate regressions
were performed to determine the influence of time, age, sex, and disease severity on adherence rates. Additional explanatory
methodsincluded questionnaires at 6 and 12 months probing patients on the perceived benefits and ease of use of the TM program,
an analysis of reasons for patients leaving the program, and semistructured interviews conducted with a purposeful sampling of
patients (n=24) with arange of adherence rates and demographics.

Results. Overal average adherence was 73.6% (SD 25.0) with average adherence rates declining over time at a rate of 1.4%
per month (P<.001). The multivariate regressionsfound no significant effect of sex and disease severity on adherencerates. When
grouping patients ages by decade, age was a significant predictor (P=.04) whereby older patients had higher adherence rates
over time. Adherencerateswere further explained by patients' perceptionswith regard to the themes of (1) performance expectancy
(improvements in HF management and peace of mind), (2) effort expectancy (ease of use and technical issues), (3) facilitating
conditions (availability of technical support and automated adherence calls), (4) social influence (support from family, friends,
and trusted clinicians), and (5) habit (degree to which taking readings became automatic).

Conclusions: The decline in adherence rates over time is consistent with findings from other studies. However, this study also
found adherenceto be the highest and most consistent over timein older age groups and progressively lower over timefor younger
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age groups. These findings can inform the design and implementation of TM interventions that maximize patient adherence,
which will enable a more accurate evaluation of impact and optimization of resources.

International Registered Report Identifier (IRRID):

RR2-10.2196/resprot.9911

(JMIR Mhealth Uhealth 2019;7(2):€13259) doi:10.2196/13259

KEYWORDS
telemonitoring; mHealth; adherence; heart failure

Introduction

Background

Heart failure (HF) telemonitoring (TM) interventions are
designed to transform traditional HF management from one of
episodic care (during periods of symptom exacerbation or
scheduled follow-up visits) to one of continuous management,
extending into patients’ daily lives. TM systems enabl e patients
to take home readings (eg, weight, blood pressure, pulse rate,
oxygen saturation, and symptoms) [ 1] which then get transmitted
to clinicians at a remote location [2]. The main outputs of this
data transfer are threefold. First, the act of taking regular
measurementsinsgtillsin patients a sense of active participation
in their care while providing information required to engagein
self-care [3,4]. Second, timely data transmission enables
clinicians to catch symptom exacerbations early and allow for
remote intervention [5]. Finally, even in the periods of patient
stability, longitudinal data collected by TM systems provide a
more holistic picture of patients' condition which can improve
the quality of clinical decisions [6]. According to severa
meta-analyses, these mechanisms work together to improve
quality of life and reduce mortality and health care utilization
compared with the standard of care without TM [2,7-10].
However, large and well-designed randomized controlled trials
(RCTs) have reported null or mixed results which cannot be
ignored [11-14]. We have previously made the case that
inconsistencies in the evidence can be explained, in part, by
varying fidelity with which interventions are implemented in
trials, including the degree to which patients adhere to taking
prescribed home readings [15].

Despite theimportance of ensuring consistent patient adherence
over the course of a TM intervention, there is a dearth in the
literature on thistopic[16,17] and existing knowledgeis difficult
to generdize. Firgt, athough systematic reviews describe general
trends of adherence as starting high in the early months and
dropping off over time, there is significant heterogeneity with
overal rates between 40% and 90% being reported across
studies[3,16]. Second, much of the remote monitoring literature
on adherence relatesto interactive voice response (1VR)—based
interventions with much fewer studies related to newer forms
of TM that leverage devices already familiar to patients (eg,
mobile phones) [3]. Third, adherence is defined and measured
inconsistently across studies with many simply reporting
engagement with the technology (eg, taking a single measure)
which does not always encompass the full set of patient
behaviors needed to optimize the intervention’s mechanisms of
action [18,19]. Finally, the phenomenon of patient adherence
is typically measured in the context of RCTs, limiting the
understanding of patient adherence within real-world TM

http://mhealth.jmir.org/2019/2/€13259/

contexts which may be less likely to limit patient use of an
intervention to a predefined study period.

Study Objectives

In August 2016, an HF TM program was deployed as part of
the standard of care in a specialty heart function clinic in
Toronto, Canada. A previously published case study of this
program’s implementation described and explained clinician
adoption as well as the degree of integration within the clinic
[20]. Thisstudy aimed to describe the patient perspective within
the case study. The aobjectives were to (1) quantify the degree
to which patients adhered to taking prescribed home readings
and (2) explain longitudinal adherence rates based on the
duration of program enrollment, patient characteristics, and
patient perceptions of the TM program.

Methods

Study Design

The study used amixed-methods explanatory sequential design
whereby overall and monthly patient adherence rates were first
analyzed over a 1-year period. These adherence rates
subsequently informed the sampling strategy for semistructured
interviews with the objective of explaining overall adherence
rates. Additional explanatory data were collected including
questionnaires and reasonsfor leaving the program, al of which
were triangulated with the interview findings to explain
adherence rates.

The methods used to explain adherence were guided by the
unified theory of acceptance and use of technology 2 (UTAUT2)
which outlines how 7 constructsinfluence consumers' intention
to use a technology [21]. These constructs, whose definitions
have been adapted to facilitate their operationalization within
this study, include the following: (1) performance expectancy
(the degree to which using the TM system is perceived to
provide benefits for patients and is analogous to relative
advantagein the diffusion of innovation literature and perceived
usefulness in the technology acceptance model), (2) effort
expectancy (the degree of ease associated with patients using
the TM system), (3) facilitating conditions (patients' perception
that there are resources available to support their use of the TM
system), (4) social influence (the extent to which others
important to the patients [eg, family and friends] support the
use of the TM system), (5) hedonic motivation (the fun or
pleasure derived from using the TM system), (6) price value
(patients’ cognitive trade-off between the benefit of using the
TM system and the monetary and time costs to them), and (7)
habit (the extent to which patients take their required readings
automatically because of learning). The UTAUT?2 also proposes
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that the influence of these 7 constructs on behavioral intention
to use technology is modified by age, gender, and experience
with using the technology [21].

Key methods for this study have been published in a protocol
for alarger quality improvement program evaluation [22] which
has been approved by the University Health Network (UHN)
Research Ethics Board (16-5789). This approval included the
analysis of all data collected as part of the standard of care (ie,
TM usage data). Informed consent was obtained by patients
who completed questionnaires and interviews.

Thelntervention

Telemonitoring Technology

The central component of the Medly TM program is the Medly
smartphone app that patients use to take weight, blood pressure,
and heart rate readings as well as record their symptoms using
a “yes/no” questionnaire composed of 5 to 11 “yesno”
guestions. Patients are instructed to take these 4 readings daily
within 30 min of each other before 12 pm. If thisis done, the
recorded data get processed by aclinically validated algorithm
embedded in the app [23], which has been contextualized
according to each patient’s target thresholds for each of the 4
readings. If thea gorithm identifiesthat key readingsarewithin
the acceptable range, the reading values are presented on the
screen with a message telling patients that their readings are
fine on that day. However, if the algorithm identifies that key
readings are out of range or that there is a worrying trend in
weight gain, the app generates and displays self-care feedback
messages which are highlighted in a different color depending
on the determined urgency (Figure 1). Types of self-care

Ware et a

feedback messages include the following: informing patients
when they are outside their normal range, instructing them to
take their prescribed diuretic medication, and suggesting when
to contact their care providers or go to the emergency
department. Similarly, clinicians also receive aerts when
readings are out of range which they can receive via email or
view within the clinician-facing Medly dashboard.

Other features of the Medly app include the ability to view
graphical trends of each reading’s values and to assist with
adherence, an automated phone call to their primary phoneline
(personal mobile phone or home landline) to remind patients if
they have not yet taken morning readings by 10 am. Thisfeature
can be disabled at the patient’s request. The development of
Medly features aimed at promoting patient self-care was guided
by the Connelly Framework for Self-Care in Chronic lllness
[24] (a derivation of the health belief model [25]) using an
iterative user-centered design process which included a formal
needs assessment [26] and multiple rounds of usability testing.
Further description of the Medly program can be found
elsewhere [20,22,27].

Program Enrollment and Onboarding

Asthe Medly program is offered as part of the standard of care,
enrollment isdecided jointly between patients and their treating
cardiologist during afollow-up appointment or after an inpatient
hospital stay. After the treating cardiologist explainsthe Medly
program and the patient agrees to participate, they are
immediately escorted to a private room where they receive
training on how to use the technology. A part of this training
includes highlighting the importance of taking daily readings.

Figure 1. Screens of the Medly app showing the incomplete morning card with required readings, the symptoms questionnaire, and personalized

self-care feedback after all 4 readings were taken and processed by the algorithm.
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Ongoing Monitoring

Throughout their participation in the Medly program, patients
are expected to complete the 4 daily morning readings and to
follow the self-care feedback displayed in the app. If clinical
alertsaretriggered, a designated clinician at the heart function
clinic reviews these alerts as soon as possible. Most clinical
alertsresult in a call being made to the patient to obtain more
information or to provide relevant clinical guidance.

Offboarding

Offboarding refers to the process of ending a patient’s
participation in the Medly program. Unlike many TM
interventions, the Medly program does not have a predefined
end date. Thus, as with most medical interventions, patients
remain enrolled for as long as there is a perceived clinical
benefit. Patients or clinicians can, at any time, initiate a
conversation about the appropriateness of the Medly program
as part of a patient’s treatment plan. Once the joint decision to
offboard a patient is made, patients return any equipment they
borrowed (mobile phone or peripheral devices) which get
recycled and used for future participants.

Adaptations to the Program Since Its Launch

When the program first launched in August 2016, patientswere
provided with a Medly kit which included a smartphone with a
data plan and with the Medly app already downloaded along
with a Bluetooth-enabl ed weight scale and blood pressure cuff.
This enabled data from the peripheral devicesto be transmitted
directly and automatically to the Medly app. Training and
ongoing technical support was provided by an analyst from the
hospital’stel ehealth department, and the triage of clinical alerts
was done by nurse practitioners on staff at the clinic. Since
program launch, 2 key changes have been implemented to enable
the sustainability and scalability of the program. First, in January
2018, it became possiblefor patients with iPhones to download
the Medly app on their own smartphones and to use their
personal weight scales and blood pressure cuffs (the app is now
also available for Android users; however, this option was not
avalable at the time of data analysis). Patients without
Bluetooth-enabled peripheral devices manually entered readings
directly into the app. Second, as of May 2018, a Medly
coordinator role was created whereby a registered nurse took
over the role of triaging clinical aertsin addition to providing
frontlinetechnical support. Detailsand rational for these changes
have been published elsewhere [27].

M easuring Patient Adherence

As patients are instructed to take weight, blood pressure, heart
rate, and symptom readings every morning (these 4 readings
are required for the Medly algorithm to generate self-care
instructions for patients and alerts for clinicians), adherence
was defined asthe proportion of days patientstook all 4 morning
readings over the total number of days they were enrolled up
to 1 year. Owing to ongoing enrollment, not al patients had
completed 1 year at thetime of analysis. Thus, varying durations
were accounted for in the proportion denominator. Similarly,
monthly adherence rates were calculated as the number of
completed morning readings over each 30-day period following
the date of their enrollment up to 1 year. Proportions were
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multiplied by 100 to get monthly adherence rates expressed as
a percentage of prescribed completed readings. To further
understand patient engagement, we also calculated incompl ete
adherence rates which were defined as the percentage of days
patientstook at least 1 reading but not all 4 (such that, although
data are transmitted, no clinical alerts or patient feedback is
generated). Usage data required to determine adherence rate
were collected between August 2016 and October 2018 and
extracted from the Medly program server.

Explaining Patient Adherence
Quantitative Data and Analyses

Explanatory Variables

Patient demographic variables were collected to characterize
the patient population using a questionnaire administered
immediately after program enrollment to patientswho provided
informed consent (n=174). Simplelinear regression for full and
incomplete adherence over time was performed. In addition,
because adherence was collected using repeated measures over
a 12-month period, a panel multivariate regression approach
was used to determine the impact of time on adherence when
controlling for key variables. Preliminary diagnosticsincluded
the Hausman and L agrange multiplier to choose between pooled
ordinary least squares, fixed effects, or random effects models
and the Breusch-Pagan test to detect the presence of
heteroscedasticity [28]. Ultimately, random effects model swith
cluster-robust standard errors (to adjust for the presence of
heteroscedasticity) [29] proved best suited for the dataset.
Selected explanatory variables for the multivariate regression
included age categorized by decade and sex (both moderating
variables in the UTAUT2) [21], and New York Heart
Association functional classification (NYHA class), asubjective
measure of HF symptom severity based on the hypothesis that
sicker patients may benefit more. Datafor baseline NYHA class
(sometimes documented asarange), age, and sex were extracted
from patients' chart in the hospital electronic medical record.

Patient Questionnaire

As part of alarger questionnaire used in an impact evaluation
[22], consenting patients responded to questions about their
satisfaction with the Medly program at 6 and 12 months, offering
an opportunity to triangulate these quantitative findings with
results from patient interviews (described below). Itemsin the
satisfaction questionnaire could be classified according to the
key UTAUT2 constructs of performance expectancy (3 items)
and effort expectancy (4 items); no questionnaire items could
be classified within the remaining UTAUT2 constructs and thus
were not quantitatively assessed.

Descriptive statistics for the questionnaire responses, adherence
rates, and linear regressionswere performed using SPSSversion
24 (IBM Corporation). Multivariate regression analyses were
conducted in RStudio v.1.0.153 (RStudio Inc) using the “plm”
package [30]. For all statistical tests, a P value of lessthan .05
was used to indicate statistical significance. Temporal trends
were graphically represented using Microsoft Excel (Microsoft
Corporation).
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Qualitative Data and Analyses

Reasons for Offboarding

Reasons |eading to patients being offboarded were recorded in
the Medly coordinator’'s records as part of the standard
offboarding procedures. These reasons were qualitatively
analyzed and classified into themes before being transformed
into a count for each category.

Patient I nterviews

Semistructured interview guides, which were developed to
understand the patients' experience in the Medly program,
included probes based on the constructs in the UTAUT2.
Participants were identified using a purposeful sampling
approach to ensure a variety of opinions and to reach
information saturation [31]. Variables considered in this
sampling approach were age, sex (age and gender are both
moderators in the UTAUT?2), overall adherence rates, and time
since enrollment. Thelatter involved selecting patientswho had
been enrolled for different durations, including baseline (to
understand initial perceptions without actual experience),
approximately 1 month (the intervention was still fresh but
patients had been using it long enough to experience benefits
and barriers to use), and approximately 6 and 12 months (to
align with questionnaire administration and assess patients
perceptions after longer term use). Interviews were recorded
and took place in a private room during ascheduled clinic visit
or over the telephone.

Interview transcripts were analyzed by 2 independent
investigators (PW and MD) using the framework method [32].
This approach involved a first round of largely deductive
thematic analysis using an initial coding framework based on
the UTAUT2 constructs. PW and MD met to discuss results of
the first round and to agree upon subthemes within those
constructs. Next, a second round of independent coding was
done using the updated coding framework, which wasfollowed
by a meeting to discuss contradictory codes and passages. The
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management of source documents and coding was accomplished
with the help of NVivo version 11 (QSR International).

Results

Characteristics of Study Participants

Participants of the Medly program were predominantly male
(184/232, 79.3%) and had an average age of 57.6 (SD 16.0)
years. Other demographics presented in Table 1 are
representative of the patient characteristics typically followed
in this urban heart function clinic. With regard to HF severity,
approximately half experienced relatively mild HF symptoms
daily with 48.5% (109/225) having an NYHA class of 2 or less
a the time of program enrollment and the average left
ventricular gjection fraction of patients was 32.1 (SD 13.2).
Most patientsincluded in thisanalysis (201/231, 87%) used the
full kit version of the Medly system, 8.2% (19/231) used their
personal smartphone but were given peripheral devices by the
clinic, and the remaining 4.8% (11/231) used their personal
smartphone and either purchased or used their own weight scales
and blood pressure cuffs. The option for patients to use their
own equipment started approximately 1.5 years after thelaunch
of the program [27].

Overall and Longitudinal Adherence Rates

The average overall adherenceratefor the 231 patientsincluded
inthe analysiswas 73.6% (SD 25.0), indicating that the average
patient completed their prescribed morning readings 5 days per
week over the course of their enrollment in the program. When
considering days where patients took at least 1 but fewer than
al 4 morning readings (ie, including incomplete adherence),
theaveragerate was 80.0% (SD 21.7). Longitudinal examination
of monthly adherence rates shows a relatively high average
adherencein thefirst month of 81.2% (SD 23.0) with agradual
declineto 63.1% (SD 37.0) after 12 months of enrollment (see
Figure 2). Outputs of the simple linear regression indicates that
timeisasignificant predictor of adherence (beta=—1.42, P<.001)
with each month since enrollment accounting for a 1.4%
decrease in adherence.
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Table 1. Characteristics of patientsincluded in the quantitative analysis of overall and longitudinal adherence.

Characteristic Statistics
Age (years), mean (SD) 57.6 (16.0)

Age (years; categorical), n (%)

70 or more 60 (25.9)

60-69 56 (24.1)

50-59 50 (21.6)

40-49 34(14.7)

39 or less 32(13.8)
Sex, n (%)

Male 184 (79.3)

Female 48 (20.7)
Ethnicity, n (%)

White 115 (66.0)

Black 14 (8.0)

Asian 21 (12.1)

Other 24 (13.8)
Rurality, n (%)

Urban 100 (58.1)

Suburban 49 (28.5)

Rural 23 (13.4)
Place of birth, n (%)

Canada 85 (48.9)

Elsewhere 89 (51.1)

Highest education achieved, n (%)

Less than high school 13(7.5)
High school 34 (19.5)
College or university 127 (73.0)

Incomein Can $, n (%)

<$15,000 26 (15.1)
$15,000-$49,999 57 (33.1)
>$50,000 58 (33.7)
Preferred not to answer 31(18.0)
Work, n (%)
Working full time 35(20.2)
Working part time 17(9.8)
Retired 87 (50.3)
Unempl oyed/homemaker 14 (8.1)
Other 20 (11.6)
Supplementary health insurance, n (%)
Yes 104 (60.8)
No 67 (39.2)
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Characteristic Statistics
New York Heart Association functional classification, n (%)

2o0rless 109 (48.5)

2-3 48 (21.3)

3 or more 68 (30.3)
Left ventricular gjection fraction, mean (SD) 32.1(13.2)
Have a smartphone, n (%)

Yes 119 (70.4)

No 50 (29.6)
Comfort with smartphone, n (%)

Not comfortable 5(4.0)

Somewhat comfortable 24 (19.2)

Comfortable 47 (37.6)

Very comfortable 49 (39.2)
Equipment used by patients, n (%)

Full Medly kit 201 (87.0)

Patients used personal phone and were provided with peripherals 19(8.2)

Patients used all personal equipment 11 (4.8)

Figure 2. Average full adherence rates compared with adherence rates which include incompl ete adherence over time.
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Quantitative Results Explaining Adherence

Multivariate Regression

Random effects multivariate regression with cluster-robust
standard errors was performed as described in the Methods
section. Theresults, presented in Table 2, confirm a significant
effect of time on adherence with each passing month starting
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after the second month of program enrollment. Patient age was
a significant predictor of adherence (P=.04); the positive
coefficient indicatesthat adherence rates were higher with each
increasing age category such that older patients maintained
higher adherence over time. Figure 3 shows adherence rates
over time with regard to the age groups included in the
regression model. Disease severity (NYHA class) and sex were
not significant predictors of adherence.
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Table 2. Random effects multivariate regression with cluster-robust standard errors (SE) showing the effect of time, sex, New York Heart Association

(NYHA) class, and age on average adherence.

Variables Coefficient (beta) SE P value
Intercept 87.57 4.03 <.001
Month 1 Ref? _b —
Month 2 -1.27 1.98 .52
Month 3 -5.63 2.36 .02
Month 4 -8.21 2.80 .004
Month 5 -9.84 2.85 <.001
Month 6 -12.65 3.05 <.001
Month 7 -15.87 3.33 <.001
Month 8 -12.45 3.32 <.001
Month 9 -13.71 3.63 <.001
Month 10 -15.11 4.20 <.001
Month 11 -19.55 4.84 <.001
Month 12 -20.98 513 <.001
Sex -2.33 5.61 .68
NYHA class -0.34 2.60 .90
Age 349 1.68 .04

8Jionth 1 isthe reference category to which all other levels of the time variable (months 2 to 12) are compared in the multivariate regression model.

BNot applicable.

Figure 3. Average adherence rates over time by age group showing higher adherence over time for older age groups.
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Patient Questionnaire

Results from the patient questionnaires show that a clear
majority of patients perceived value in using the Medly system
after 6 monthswith 90.6% (87/96) agreeing or strongly agreeing
with the statement that the TM system isimportant for managing
their HF and 87.4% (83/95) agreeing with the statement that it
would be useful for them to continue using the system (Table
3). The percentage of patients who agree with these same
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statementsincreased to 95.8% (46/48) and 93.9% (46/49) after
12 months, respectively. Responses related to effort expectancy
at 6 monthssimilarly show ahigh level of agreement with 92.7%
(89/96) of patients agreeing with the statements that the TM
system was easy to use and to learn how to use it. Perceptions
of ease of use remained consistent with 89.4% (42/47) and
91.8% (45/49) agreeing with these same statements at 12
months.
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Table 3. Patient perceptions of the benefits and effort of using the Medly TM system at 6 and 12 months postenrollment.

Item in questionnaire

Agree or Strongly agree, n (%)

6 months 12 months

Per formance expectancy

The monitoring system isimportant for managing my heart failure 87 (90.6) 46 (95.8)

I think using the monitoring system improved my health 65 (70.7) 36 (75.0)

It would be useful for me to keep using the monitoring system 83(87.4) 46 (93.9)
Effort expectancy

Learning to operate the monitoring system was easy for me 89 (92.7) 45 (91.8)

| found the monitoring system to be easy to use 85(92.4) 42 (89.4)

Taking my blood pressure at home was easy 93 (96.9) 47 (95.9)

Taking my weight was easy 93 (96.9) 47 (95.9)

Table 4. Classification of reasons for patient offboarding.

Reason for offboarding

Statistics, n (%)

Clinician—initiated offboarding

Received heart transplant or surgical repair of the heart

Switched to more invasive form of remote monitoring (eg, CardioMEMS)

Patient recovered ventricular function

Significant change in health status (eg, shift to palliative care)

Patient was not compliant with taking readings or with following clinician instructions

Patient—initiated offboarding

Not interested in participating or a belief that the benefits are not worth the effort

Stress caused by taking daily readings

Life circumstances (eg, shift work and sick relatives)
Poor eyesight

Other (eg, unknown, moved provinces)

Mortality

14(22.9)
5(8.1)
4(6.5)
6(9.8)
3(4.9)

5(8.1)
4(65)
2(3.2)
1(1.6)
5(8.1)
12 (19.6)

Quialitative Results Explaining Adherence

Reasonsfor Offboarding

Of the 61 patients who left the Medly program during the study
period, 52% (32/61) were offboarded because a change in their
HF condition made it such that the Medly program would no
longer beabeneficial part of their careplan. A total of 3 patients
were offboarded because they were not adhering to taking
measures or following clinician instructions (Table 4). A further
28% (17/61) of patients chose to leave the program because of
a lack of interest or a feeling that the benefits of enrollment
were not worth the effort, that daily monitoring was causing
stress, and for other unknown reasons. Finally, 20% (12/61) of
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the offboarding were because of patient death. These deaths
were attributed to the severity and natural progression of HF.

I nterview Findings

Interview Participant Characteristics

The interviewed participants (n=24) largely matched the
distribution of age and sex of the larger patient sample as shown
in Table 5. The patientsinterviewed had overall adherencerates
ranging between 22.2% and 98.6% and were interviewed at
various times since program enrollment. Thisincluded 17% of
patients (4/24) being interviewed the day they were onboarded
and 2 patients who agreed to participate after deciding they
wanted to |eave the program.
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Table5. Participant characteristics for semistructured interviews.
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Participant 1D Sex Ageat enrollment (years)  Timeof interview sinceenroliment (month)  Average adherence rate (%)
HFpro009 M 76 12 92.2
HFpro011 M 72 12 80.0
HFpro018 M 60 62 90.0
HFpro019 M 46 3 30.3
HFpro027 M 59 6 82.3
HFpro028 M 67 6 93.1
HFpro037 F 62 0 90.3
HFpro038 M 63 6 97.5
HFpro048 M 44 12 96.7
HFpro052 M 83 6 70.3
HFpro059 M 76 6 54.2
HFpro060 F 81 6 96.3
HFpro061 M 62 6 45.0
HFpro064 M 45 6 67.9
HFpro089 M 57 9 72.2
HFpro091 F 61 12 94.4
HFpro107 M 54 6 62.8
HFpro109 M 41 1 68.3
HFprol129 M 22 1 2.2
HFprol31 F 71 0 87.0
HFprol54 M 50 1 96.1
HFprol57 F 45 0 98.6
HFpro158 F 52 0 82.4
HFprol68 F 65 6 90.6

3 nterview conducted after offboarding.

Interview Themes

Interview themes were classified according to UTAUT2
constructs of performance expectancy,effort expectancy,
facilitating conditions,social influence, and habit; no statements
related to hedonic motivation or price value were identified by
the coders. No overarching patterns emerged in the themes based
on patients' age, sex, or time since enrollment. Therefore, the
themes and representative quotes discussed in the following
sections predominantly help distinguish between high and low
adherers.

Performance Expectancy

This theme refers to the perceived benefits, both expected and
experienced, of being part of the Medly program. Subthemes
included (1) self-management support, (2) peace of mind, (3)
relationship with care team, and (4) lack of context.

Self-Management Support

The most commonly mentioned benefit of the Medly program
is that it supports patients in their ability to self-manage their
HF. Participants discuss how the system, by enabling them to
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take daily readings, keeps them accountable and provides
guidance in their self-care tasks:

| rarely ever took my weight which was a big issue
getting admitted into the hospital because | retain so
much water. So yeah, it’s been helpful for monitoring
thingsthat | normally wouldn't...It keeps me on track
and lets me know if | need to take medication that |
normally don’t have to takeit...I had the expectation
that it would be helpful for me because it keeps me
on a routine and it's lived up to those expectations.
[HFpro154]

Underpinning this self-management support is the
immediateness of the patient self-care feedback which alows
patientsto plan for their day around the results of readings they
have just taken:

| can start my day off with knowing that I’ ve got to
beextra careful....I’mgoing to plan my day fromwhat
Medley is telling me. That's how it helps me every
morning, | know what to do and what not to do for
the rest of the day. [HFpro089]
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Peace of Mind

The automated self-care feedback works alongside clinician
monitoring to provide many patients with peace of mind. For
some, this peace of mind brings a heightened sense of
confidence when they are trying to decide if their symptoms
are bad enough to warrant a trip to the hospital.

I'mverydiligent...| basically rely onit. | just lovethe
peace of mind that it represents. When you're as sick
as| was, it'sgood to have a big brother or big sister
out there. [HFpro107]

It gives me comfort [knowing that] somebody’'s
watching over me, | don’'t have to go to the hospital
all the time. [HFpro052]

Relationship With Care Team

Patients who had been in the program for longer periods said
that it improved their relationship with clinical members of their
care team:

Atfirstit didn't bother me[that | didn’t have a lot of
interaction] but now actually you gain trust, you
know, a relationship with the person on the other
end...When [the Medly nurse] calls sometimes, we're
talking for 20 minutes and she's really getting a full
history of things because you just can’t get a full
history on a minute conversation. [HFpro089]

However, for some, this closer relationship helps explain lower
adherence in patients who did not like the idea of clinicians
being able to see transgressions of daily life:

Thereisafeeling, and it sort of upsets me or disturbs
me that they know [everything | do]. If | want to go
out on a hinge and watch a soccer game or a hockey
game and eat lots ...they're going to know because
my weights going to go up and so there’s a fear of,
“Oh God, I’'m going to be told off” Wl it stop me
[from] doing that? No, what will stop me doing it is
the fact that it's bad for my health... | forget to take
my weight [laughs] because there's a feeling that
they're looking. [HFpro061]

Lack of Context

Patients with lower overal adherence rates expressed the
opinion that the readings, particularly the symptoms, do not
accurately capture the full context of their health status.
Consequently, some felt that the self-care feedback messages
did not alwaysreflect how they were feeling and they eventually
learned that they should not immediately act on some alerts:

[The feedback messages] are a little hit too
alarming... because sometimes they say “have
somebody take you immediately to emergency,” and
usually it turns out it's okay, so | got used to that.
[HFpro009]

Effort Expectancy

Patient uptake and adherence can also be explained by the
perceived efforts involved in using the system. Subthemes
included (1) usability and (2) technical difficulties.
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Usability

The qualitative findings mirror those from the questionnaire
insofar as most patients found the Medly system easy to learn
and use. Furthermore, some patients were frequent travelers
and described how the portability of the system allowed them
to continue taking their readings wherever they were:

I’mof the age where I’ mnot as computer literatewith
cellphones... But it was fine, it's easy. If | can learn
it, it's pretty easy to learn. [HFpro027]

It's been all over Canada with me... we just throw it
inthe car. | even took my weight at TimHorton’sfirst
thing in the morning and that was in Edmonton. e
just left the hotel and it was in the car and...before
we left [on] theroad | said | didn't take my weight.
And my wife went out and got it, hooked it up to the
W-Fi at the Tim Hortons and bam, [I] took it right
there. [HFpro089]

A minority of patients described some difficulty using the
periphera devices and the cognitive effort in trying to decide
how to accurately answer the “yes/no” symptom questions:

The equipment is highly sensitive. For me | have
dizziness constantly because of my medications and
my low blood pressure and my heart condition. So,
if | sway or move on the scale, the scale has different
readings...The scaleisvery narrow... and I'ma very
wide guy and | need to have my feet spread apart in
order to be stable on the scale... The same with my
arm, if | move my armalittle bit or anything, (it) will
make the blood pressure monitor go into error mode
and it's frustrating [HFpro064]

With the [symptoms] questionnaire sometimes I'm
sort of on the edge because it says*“ Are they worse?”
WEll no, they're not any worse but sometimes | am
like a little bit short of breath. [HFpro091]

Technical |ssues

The quality of the system was perceived as high across all
patients and time points. However, several patients, from various
adherence levels, recounted experiencing technical issues,
particularly related to Bluetooth connectivity between the
periphera devices and the smartphone.

There are times when I'm not impressed, because |
weigh myself but it doesn’t record. And, then | get
this call saying that | didn't do it and it throws me
off. But, generally, it's okay. I've had, | think about
three timeswhere it's misfired sort to speak...I think,
“what did | do wrong?” [HFpro060]

Facilitating Conditions

Facilitating conditions are the resources and support available
to facilitate the use of Medly. Subthemesincluded (1) technical
support, (2) automated adherence cals, and (3) informal
caregivers.

Technical Support

The technical issues described did not seem to have severely
impacted adherence rates because of the easy accessto technical
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support services. In addition, the presence of comprehensive
onboarding process helped with initial uptake:

| can't see [a reason to not use Medly]. | mean, as
far asrunning into technical difficulties, you' ve given
me all the numbers, there’s people | can contact so |
don't foresee there being that big of a problem that
| wouldn’t be able to work through it. [HFpro027]

[The training was] a piece of cake...it was private,
we were in a closed room, the information was face
to face, the equipment was right there, it had
hands-on... it was great. [HFpro018]

Automated Adherence Calls

The automated call that is sent to patientsif they have not taken
their readings before 10 am, although sometimes described as
annoying, was a facilitating condition expressed by many:

[Taking my readings] is what | do first thing in the
mor ning before | get the phone call with the annoying
ringing... | do [appreciate the call but]...I'm also a
single dad of two kids so any opportunity that |
possibly can to rest and sleep | take it... A text would
be better than a phone call. [HFpro064]

Informal Caregivers

Although the technology is designed to support the HF patient
experience, some patients receive support from family members
who help with al aspects of HF management, including
reminding them to take their Medly readings:

| have a built-in monitor at home [laugh]...which is
very, very beneficial becauseif [ my wife] wasn't there
at all, you know, 1'd probably be worse than | am, as
far as habits are concerned. So, having that extra
person, she polices me pretty good. [HFpro028]

Social Influence

Social influence is the degree to which individuals in patients
lives were supportive of the use of TM. Patient responses
revealed that their family and friends overwhelmingly support
their participation in the Medly program:

Everybody knows [1 use Medly]. | write about it all
the time...everybody is very envious that I’m on this
type of program and envious that | have doctors that
care about me this much. [HFpro064]

Some patients had family memberswho rai sed privacy concerns,
but this does not seem to have impacted the willingness to
participate:

Well, [my friends and family] thinkit'sgreat. There's
a few that think it's kind of Big Brother [saying]
“wow, they know a lot of information on you.” But
their fear of Big Brother is kind of secondary to my
doctor need[ing] to know what's going on.
[HFpro019]

Finally, the fact that the Medly program was endorsed by a
trusted clinician also appears to have been a motivating factor
for patients:
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[My cardiologist] is always very supportive saying,
“[Medly]’s really doing a good job for you keeping
you out of emergency.” [HFpro009]
Habit
Evidence of the formation of a habit was more prominent in
patients with higher adherence rates with many describing how
taking measures eventually became a part of their delay routine.

Once ahabit was established, events or conditions breaking that
routine explained why some readings were missed:

It's part of a habit now. | don't forget it. ...[It's]
automatic. [HFpro038]

[When | forget] | think I can smell my wife making
the coffee... The sense of smell is very strong ...and
it just beats the other senses out of my head that say
“go weigh yoursdlf first” The smell of fresh coffee
coming down the hallway, honestly that's the only
time | would missit. [HFpro089]

Although the formation of a habit helps, it is not essential to
ensure high adherence. One patient described the hassle of
taking daily readings yet till maintained a high level of
adherence (90.0%) throughout their enrollment. In thisexample,
factors such as guilt and recognizing the importance of a
behavior may be enough to motivate daily readings evenif this
behavior did not become automatic:

| don't like doing it every day, it's a hit of drag,
because sometimes | want to sleep in and | feel kind
of guilty because | haven't got it done...I’m just sort
of getting old and lazy and don’t want to do anything
but that's part of my regimen, | never miss.
[HFpro018]

Discussion

Principal Findings

Thisstudy has presented the findings of amixed-methods study
seeking to describe and explain patient adherence ratesto taking
daily prescribed home readings over a 1-year period in the
context of a mobile phone-based HF TM program offered as
part of the standard of care. Results found an average overall
adherencerate of 73.6% and an average 1.4% drop in adherence
with each passing month. The random effects model, which
enabled repeated measures of monthly adherence (effect of
time) to beincluded in the same regression as other demographic
variables, found asignificant effect of age on monthly adherence
rates. Specifically, adherence rates were highest (and more
consistent over time) for the older age group (70 years or more)
and were progressively lower for each younger decade.

Additional methods employed could not fully explain the
temporal decline in adherence, but they did provide evidence
that patients’ perceptions of the program and other contextual
factors contribute to explaining higher and lower adherence
rates. Factors explaining patients motivation to adhere include
the following: (1) perceived benefits of the program
(self-management support, peace of mind, and improvement in
clinical care), (2) ease of use, (3) a positive opinion of the
program from family and friends, (4) supporting services
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(training and technical support), and (5) the ability to form a
habit. Themes explaining low and imperfect adherenceincluded
the following: (1) technical issues, (2) life circumstances that
interfered with a formed habit, and (3) a perception that the
benefits of the program were suboptimal because of the system’s
inability to adequately capture and communicatethefull context
of patients' health state. These explanatory findings fit within
the constructs of the UTAUT2 of performance expectancy,
effort expectancy, facilitation conditions, social influence, and
habit.

There were no findings related to the UTAUT2 constructs of
hedonic motivation and price value; however, this is likely
because of the context in which this study was conducted. First,
although patients expressed numerous benefits, it remains that
the use of TM systems occurs in the context of disease
management and therefore is unlikely to be described asfun or
enjoyable. Second, Canada has a public payer health system
which means that patients did not have to pay out-of-pocket to
use the technology. In addition, those who used their own
smartphones and peripheral devices either aready had that
equipment or were assessed for their ability to pay or cover the
costs through supplementation health insurance. Thus, patients
were not put in a position of having to weigh the supplemental
personal costs and benefits of being part of the Medly program.

Finally, although the principal aim of this study was to explain
adherence using a definition based on the prescribed patient
behavior needed to optimize program benefits, the finding that
the incomplete adherence rate was 6.4% higher than full
adherence should not be discounted. A certain percentage of
these incomplete morning readings are likely due to the
Bluetooth connectivity issues expressed by patientswhich would
have prevented taking aweight or blood pressure reading until
the issue could be fixed. Other possible explanations may
include patients not recognizing or remembering theimportance
of taking the full set of readings. Alternatively, patients may
make the decision to take measuresthat are most rel evant based
on how they arefeeling (because of ahigh sense of self-efficacy
for self-management) and may not necessarily lead to poorer
outcomes. These hypotheses cannot be confirmed by the
explanatory data generated in this study and should be
empirically tested in future studies. The impact of adherence
rates and health outcomes will be explored in a subgroup
analysis of the upcoming impact evaluation of the Medly
program [22].

Comparison With Previous Work

Measuring Adherence

Thefindingsfrom thisstudy arein linewith theliterature review
by Maeder et a, which found that adherence rates in
home-based telehealth projects ranged from 40% to 90% and
tended to be higher in earlier months before dropping off over
time [16]. A recent and similar study looked at adherence to
taking vital signs in TM interventions addressing various
conditions and found an average adherence rate of 64.1% to
scheduled daily readings. However, this study also found atrend
toward increasing adherence after asteep initial drop off which
is difficult to interpret alongside our results. The authors did
not fully explain this initial drop off but hypothesized that
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patients may be encouraged to adhere only after longitudinal
values could be generated and that they have had enough time
to experience the value of theintervention [33]. In another study,
adherence to completing IVR calls was 90% in HF patients,
[34] but callswere only scheduled once per week, again, limiting
comparison to a regimen that asks patients to take readings
daily.

Explaining Adherence

The finding that older patients maintained a high level of
adherence is seen in another remote monitoring study [34] but
without explanation. The UTAUT2 proposesthat the moderating
impact of age is such that the effect of effort expectancy and
facilitating conditions is strongest in older people [21]. In
addition, it has been found that after a habit has been formed
through repeated use, it becomes more difficult for changesin
one's externa environment to override that behavior in older
compared with younger people [21]. In other words, the ease
of use of the Medly system and the availability of supporting
services likely led to higher use in older patients which would
haveled to the formation of ahabit. A habit which, once formed,
would be more difficult to disrupt compared with younger
patients. Although this may explain some of the differences
between age groups, it is also possible that younger patients
experience more potential distractors (work and dependent
children) than older patients. Further research is required to
understan