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Abstract

Background: Mobile apps can aid with the management of gestational diabetes mellitus (GDM) by providing patient education,
reinforcing regular blood glucose monitoring and diet/lifestyle modification, and facilitating clinical and social support.

Objective: This study aimed to describe our process of designing and developing a culturally tailored app, Garbhakalin Diabetes
athawa Madhumeha—Dhulikhel Hospital (GDM-DH), to support GDM management among Nepalese patients by applying a
user-centered design approach.

Methods: A multidisciplinary team of experts, as well as health care providers and patients in Dhulikhel Hospital (Dhulikhel,
Nepal), contributed to the development of the GDM-DH app. After finalizing the app’s content and features, we created the app’s
wireframe, which illustrated the app’s proposed interface, navigation sequences, and features and function. Feedback was solicited
on the wireframe via key informant interviews with health care providers (n=5) and a focus group and in-depth interviews with
patients with GDM (n=12). Incorporating their input, we built a minimum viable product, which was then user-tested with 18
patients with GDM and further refined to obtain the final version of the GDM-DH app.

Results: Participants in the focus group and interviews unanimously concurred on the utility and relevance of the proposed
mobile app for patients with GDM, offering additional insight into essential modifications and additions to the app’s features and
content (eg, inclusion of example meal plans and exercise videos).The mean age of patients in the usability testing (n=18) was
28.8 (SD 3.3) years, with a mean gestational age of 27.2 (SD 3.0) weeks. The mean usability score across the 10 tasks was 3.50
(SD 0.55; maximum score=5 for “very easy”); task completion rates ranged from 55.6% (n=10) to 94.4% (n=17). Findings from
the usability testing were reviewed to further optimize the GDM-DH app (eg, improving data visualization). Consistent with
social cognitive theory, the final version of the GDM-DH app supports GDM self-management by providing health education
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and allowing patients to record and self-monitor blood glucose, blood pressure, carbohydrate intake, physical activity, and
gestational weight gain. The app uses innovative features to minimize the self-monitoring burden, as well as automatic feedback
and data visualization. The app also includes a social network “follow” feature to add friends and family and give them permission
to view logged data and a progress summary. Health care providers can use the web-based admin portal of the GDM-DH app to
enter/review glucose levels and other clinical measures, track patient progress, and guide treatment and counseling accordingly.

Conclusions: To the best of our knowledge, this is the first mobile health platform for GDM developed for a low-income country
and the first one containing a social support feature. A pilot clinical trial is currently underway to explore the clinical utility of
the GDM-DH app.

(JMIR Form Res 2024;8:e50823) doi: 10.2196/50823
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Introduction

Gestational diabetes mellitus (GDM), defined as hyperglycemia
with onset during pregnancy, is a major public health issue
worldwide. South Asians, who represent approximately
one-fourth of the world’s population, are at a disproportionately
higher risk of GDM [1-3], and the prevalence of GDM is
increasing rapidly in South Asian countries, including Nepal
[3-5]. Geographically situated between the two epicenters of
the global diabetes epidemic, India and China [6], Nepal has a
reported GDM prevalence ranging from 6.6% to 28% [7-9].
These estimates are alarming as GDM is associated with serious
adverse perinatal outcomes and unfavorable long-term
cardiometabolic consequences in both women and their children
[10-14]. Although the short-term health and economic burden
of GDM is substantial [15,16], its long-term implications are
even more concerning, particularly among South Asian
populations who are known to develop cardiometabolic
complications at a relatively lower BMI than people with
European ancestry [17-19]. Among women with GDM, those
with South Asian ethnicity are also known to have a significantly
higher risk of developing type 2 diabetes (T2D) compared to
other ethnic groups [3,20]. Scalable and cost-effective solutions
are thus needed to address the growing burden of GDM and its
sequelae, particularly in low-resource South Asian countries,
such as Nepal.

Successful GDM management relies on patient adherence to a
complex care regimen, including dietary modification, adequate
physical activity, weekly-to-biweekly antenatal follow-ups, and
regular blood glucose monitoring and logging. Providing dietary
and physical activity recommendations is a critical part of GDM
management, but in resource-limited settings, such as Nepal,
time for diet/lifestyle counseling often competes with other
components of care. Face-to-face counseling for diet/lifestyle
is also fraught with low participation rates and high attrition,
as it is resource intensive for the health care providers and poses
time and travel barriers for the patients [21,22]. Additionally,
in many countries like Nepal, GDM counseling is only
performed once, which is not conducive to facilitating a
meaningful behavior change in diet and lifestyle. Mobile health

(mHealth) technology provides new opportunities to circumvent
these challenges [23] and support the treatment and management
of GDM in low-resource settings. Mobile apps can aid in the
management of GDM by providing patient education,
reinforcing regular glucose monitoring and diet/lifestyle
modification, and allowing health care providers to communicate
and exchange health information with patients [24]. Mobile
technology may offer cost-effective strategies to improve
outcomes in patients with GDM by augmenting clinical care
and empowering patients with GDM to self-manage their
condition, yet this approach has not been tested previously in
any low-income country [24].

App-based lifestyle interventions for GDM management are
not common, especially in low-income countries, such as Nepal,
where its prevalence is rapidly increasing [23,25,26]. To address
this gap, our goal was to develop a mobile app that supports
self-management and treatment among women with GDM in
Nepal. In addition to making the app culturally tailored, our
priority was also to design an app that matches the user needs
and technological sophistication of the target users. Thus, taking
a user-centered design approach [27], we developed the
Garbhakalin Diabetes athawa Madhumeha—Dhulikhel Hospital
(GDM-DH) app in collaboration with our target users, patients
with GDM and providers, in Dhulikhel Hospital, a flagship
university hospital in Dhulikhel, Nepal. Consistent with
Bandura’s social cognitive theory (SCT) framework [28], the
GDM-DH app supports GDM management by providing patient
education, reinforcing regular blood glucose/carbohydrate
monitoring, increasing self-efficacy for diet/lifestyle
modification, and facilitating clinical and social support. Here,
we aim to describe the app development process and features
of the GDM-DH app.

Methods

Overall Study Design
The study was conducted at Dhulikhel Hospital, a
community-based tertiary-level university hospital of
Kathmandu University (Nepal). We took a user-centered design
approach to develop a culturally tailored mobile app (GDM-DH)
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for management of patients with GDM at the hospital. Figure
1 outlines the steps in GDM-DH app development. In the
qualitative/requirement-gathering phase, patients with GDM
were recruited for a focus group and structured interviews to
show them the app prototype and obtain their feedback on its
features and functions. Key informant interviews (KIIs) were
conducted with clinicians and patients’ spouses. Incorporating

and revising the app prototype based on user input, we built a
minimum viable product (MVP), after which additional patients
with GDM were recruited for usability testing including the
think-aloud protocol [29]. The final GDM-DH app was
developed following an iterative process of product design and
user testing.

Figure 1. Schematic representation of the user-centered approach for GDM-DH app development among target users (women with gestational diabetes)
in Dhulikhel Hospital, Nepal. GDM: gestational diabetes mellitus; GDM-DH: Garbhakalin Diabetes athawa Madhumeha—Dhulikhel Hospital; KII:
key informant interview.

Recruitment Procedure and Inclusion Criteria
Located in a periurban setting, about 20 km from the capital
city of Kathmandu in Dhulikhel, Nepal, Dhulikhel Hospital has
a catchment population of 1.9 million people and delivers
approximately 3000 babies annually. All pregnant women
receiving antenatal care at the Obstetric Outpatient Department
at Dhulikhel Hospital undergo routine screening for GDM at
24-28 weeks of gestation. Inclusion criteria were pregnant
women who (1) received antenatal care at Dhulikhel Hospital,
(2) received a GDM diagnosis (within the preceding year), (3)
owned a smart phone, and (4) could understand and read Nepali.
Patients with a confirmed GDM diagnosis were recruited into
the study with the help of a senior obstetrician-gynecologist
(OB-GYN; coinvestigator in the study) and other staff in the
OB-GYN department at Dhulikhel Hospital. A convenience
sampling strategy was used to recruit participants meeting the
aforementioned inclusion criteria for usability testing (n=18)
and qualitative user research (n=19); for the latter, participants
were recruited until data saturation was achieved.

Ethical Considerations
The study protocol was approved by the Rutgers Newark Health
Sciences Institutional Review Board (Pro2019001883) and the
Ethical Review Board of the Nepal Research Health Council
(NHRC; registration number 735/2019). Signed written informed
consent was obtained from all participants by the research
assistant at Dhulikhel Hospital. To ensure participant
confidentiality, all documents including participant identifiers,
such as the master list and consent forms, are stored separately
in a locked cabinet and in a secure password-controlled Health
Insurance Portability and Accountability Act
(HIPAA)–compliant BOX folder. Only select research staff
have access to the documents and folders containing participant
identifiers and data. The participants (women with GDM and
their spouses) received a mobile recharge card worth Nepalese

rupees (NRs) 500 (US $3.77) to compensate for their time for
the interview/focus group or usability testing.

App Development Stages

Prototype Development
A multidisciplinary team including experts in GDM, mHealth,
and behavior and implementation sciences, as well as health
care providers and patients at Dhulikhel Hospital, contributed
to the development of the GDM-DH app. Content modules and
features to be included in the app prototype were selected based
on a literature review, theory-based behavioral strategies,
discussions with subject matter experts, and international
recommendations and guidelines (including the Package of
Essential Noncommunicable [PEN] disease interventions for
primary health care in low-resource settings) [30]. A series of
meetings and a full-day workshop were conducted with the
research team to select and finalize the features of the app
prototype. During the meetings, app features were selected based
on expected user needs, alignment with theory-based constructs
for behavior change, and the logistical and economic feasibility
of incorporating these features in the app. The meetings and
deliberations spanned over several weeks until differences were
resolved and consensus was reached.

Qualitative User Research
After finalizing the app’s content and features, a focus group
and structured interviews were conducted to explore the
perceived barriers to and facilitators of GDM management and
to seek feedback on the GDM app prototype. A total of 12
women with a GDM diagnosis (either current or in the preceding
1 year) were recruited from Dhulikhel Hospital, 4 (33.3%) of
whom participated in a focus group and the remaining 8 (66.7%)
in structured interviews. KIIs were also conducted with health
care providers (n=5) and spouses of patients with GDM (n=2).
All interviews were audio-taped and transcribed verbatim. A
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thematic analysis [31] of the interviews was performed to
generate interview themes and memos.

The focus group and interviews explored the in-depth
understanding of the target users’ views and opinions about
GDM and its management, including knowledge and treatment
gaps, perceived self-efficacy and barriers to GDM management,
strategies to increase adherence to dietary/lifestyle management
of GDM, and related social, cultural, and environmental factors.
At the end of the focus group/interviews, the participants were
given a demonstration of the app’s wireframe prototype, which
is a schematic illustration that shows the app’s proposed
interface, navigation sequences, and features and function.
Feedback was then solicited from patients/providers/spouses
on (1) the app dashboard, layout, and navigation; (2) usefulness
of app features; (3) data entry burden; (4) usefulness of
educational modules covered (5) clarity of graphs and data
visualizations; and (6) additional features and content.

Usability Testing
Incorporating and revising the app prototype based on user
input, we built an MVP, the simplest-possible version of the
GDM-DH app, which retained the key features and
functionalities of the app. The MVP was user-tested with 18
patients with GDM via the think-aloud protocol [29]. Individual
1-on-1 usability testing sessions were conducted in a private
space and overseen by 2 facilitators; 1 facilitator led the session,
while a designated notetaker recorded patients’ verbalizations.
Usability testing consisted of a 2-step think-aloud protocol [32],
in which the patients were asked to verbalize their thoughts as
they navigated and completed various specified tasks (eg, profile
setup, diet entry, weight visualization review, open video lesson)
on the app. Patients were also asked to rate the difficulty of
completing each task on a 5-point scale ranging from very easy
to difficult. Additionally, they were asked to provide feedback
on how the features and functions of the app could be improved
upon [33]. Content analysis [34] was used to analyze and
summarize the notes and verbalizations from the think-aloud
protocol.

Final GDM-DH App Development
The facilitators’notes and observations from the usability testing
were compiled and scanned for indicators of usability problems
experienced by the patients, such as annoyance, doubt,
confusion, and slow/incomplete task completion. Based on the
findings of the usability testing and recommendations provided
by patients with GDM, a list of recommended modifications
was compiled and discussed with the app developer (Ayata Inc,
Kathmandu, Nepal). The results were used by the app developer
to address the key usability barriers and patients’
preferences/feedback and develop a final version of the
GDM-DH app for testing in a pilot clinical trial.

Results

Prototype and Content Development
Based on discussions with subject matter experts over a series
of conference calls and workshops, we decided that the
GDM-DH app suite would have 2 components: a mobile app
for patients and a web-based portal for health care providers

and researchers. The features and functionalities of the
GDM-DH app were guided by Bandura’s SCT [28], which was
selected as it has been widely applied in the dietary/lifestyle
management of chronic health conditions [35] and is shown to
be a suitable framework for promoting healthy behaviors among
pregnant women, including those with GDM [36,37]. We
focused our intervention modules on the SCT constructs of
self-efficacy (confidence in one’s ability to take action and
overcome perceived barriers to a behavior change),
self-regulation/self-control (ability to understand and manage
feelings, behaviors, and actions to achieve goals), behavioral
capabilities (knowledge and skills needed to perform a given
behavior), reinforcements (responses to a person’s behavior that
increase or decrease the likelihood of occurrences), and outcome
expectations/expectancies (anticipated outcomes of a behavior
and values a person places on the probable outcomes of a
behavior) [38]. Behavior change techniques (BCTs) [39] for
the GDM-DH intervention content were selected based on the
published literature [40] that maps the BCTs with the SCT
constructs for behavior change (eg, the BCT of information
about health consequences aligns with the SCT construct of
outcome expectations). The SCT constructs observational
learning (acquiring a new behavior by watching someone else
performing it and observing their outcomes) and environment
(physically external factors that can influence a behavior) were
not targeted, as it was not feasible to achieve them at this time
using the mobile app.

Using the SCT framework for behavior change, we decided that
the content and features included in the GDM-DH app would
support self-management of GDM by (1) providing health
education, (2) helping patients identify and set target health
goals (for diet, physical activity, and glucose levels), (3)
enhancing their self-efficacy to meet target goals, and (4)
facilitating desired support from family members. In SCT,
self-monitoring of behavior is the first and most important step
in self-regulating appropriate behavior changes [28].
Self-monitoring is also known to be a powerful behavior change
strategy for changing diet and physical activity [41]. Hence, we
decided that the core features of the GDM-DH app would
facilitate the users to record and self-monitor their blood
glucose, blood pressure, carbohydrate intake, physical activity,
and gestational weight gain (GWG). The app would use
automatic feedback and data visualization to aid in
self-monitoring, as well as innovative technological features to
minimize the self-monitoring burden, including visual aids for
estimating carbohydrate portion sizes and smartphone GPS and
accelerometer sensors for obtaining physical activity data [42].
Health care providers would be able to use the web-based portal
of the GDM-DH app to enter/review blood glucose readings,
track patient progress, and accordingly guide treatment and
counseling [42].

In many South Asian countries, women are not the sole health
decision makers, with mothers-in-law and husbands having a
strong influence on their health decisions during pregnancy
[43-45]. Additionally, family members are closely involved in
a pregnant woman’s food selection and preparation, thus
influencing her dietary behaviors. Hence, the team decided that
the GDM-DH app would be designed to garner social support
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from family members by allowing the patient to add friends and
family members to the app, providing them with access to track
and follow the patient’s progress toward stated goals.

Educational Modules
The educational content for the app was adapted from
international recommendations and guidelines, including PEN 
disease interventions for primary health care in low-resource
settings [30]. The topics covered information included on GDM
and associated risk factors, short- and long-term health
consequences of GDM for mother and child, clinical and
lifestyle management of GDM, dietary and physical activity
recommendations for GDM, the role of social support in GDM
management, and the proper use of insulin and a glucometer.
The educational materials for the app included text- and
image-based materials written at less than an eighth-grade
reading level and brief 5- to 10-minute videos narrated by the
health care providers in Dhulikhel Hospital.

Qualitative User Research
Qualitative findings from the focus group and interviews, which
have been described in detail previously [46], provided insight
into the app content and features, as well as design elements
that needed to be added or modified. Briefly, we identified
several facilitators of GDM management, including at the
individual level (eg, concern for the baby’s health), family level
(eg, spousal accompaniment to hospital visits, emotional
support), and health system level (eg, universal GDM screening,
team approach to management). Notable barriers included
inadequate time for diet/lifestyle counseling during hospital
visits, an abrupt change in the diet/lifestyle from pre- to
post-GDM diagnosis, misconceptions around diet and physical
activity, and social/cultural barriers, including food-centered
traditions and festivities and a lack of decision-making power
in the household. The majority of patients with GDM and their
spouses indicated that they lacked sufficient information to
manage GDM and were frustrated by frequent hospital visits.

They gave me a diet chart where it was written what
to eat in the morning, daytime, and evening, but I
didn’t receive any kind of other documents to read
about my disease. [Patient with GDM on lack of
information about GDM]

They think that like hypertension or thyroid
medication, if they start to take an insulin injection,
they have to use it throughout their life, and they think
it is required for serious conditions only…you know
there are a lot of myths. [Provider on common
misconceptions]

There are traditions…you have to bless her and give
her dai chiura; she has to eat many things. In that
time, I think she ate curd and more sweet food; that
is why earlier I think when I saw her last blood report,
it was under control, but now again, it is all high. I
think it is because she ate more during that
time…these festivals…earlier too, her sisters came
to bless, and she ate more curd and sweets, and again,
she started eating rice instead of roti. So, I think that

is why her blood sugar level is high again. [Spouse
of a patient with GDM on social/cultural barriers to
blood glucose management]

All participants agreed that the proposed mobile app and features
would be useful and relevant to women with GDM. They
believed it would help overcome existing barriers by
empowering pregnant women with information and tools to
manage GDM and track their progress.

If we had seen this app before, I think we would have
been able to control blood sugar levels, and we would
have been able to plan. I think after seeing this, it
would have helped, it would be useful. [Spouse of a
patient with GDM on the GDM-DH mobile app]

Just knowing that this app on its own records and
tells you about your physical activity makes us
alert…we will know how much more activity we need
to do…it makes it easier. [Patient with GDM on the
GDM-DH mobile app]

However, both patients with GDM and health professionals
requested more content with respect to medical management
and diet/lifestyle modification for GDM. Based on findings
from the qualitative study, we changed some app features and
design elements (eg, data visualization), in addition to modifying
the educational materials and other resources to further tailor
the GDM-DH app culturally. For example, the educational
modules were revised to address specific cultural and social
challenges faced by our patients (eg, food-centered festivals,
long-held dietary/cultural practices surrounding pregnancy),
and appropriate strategies were provided to problem-solve
around these barriers. Based on our target users’ suggestions,
we added example meal plans with locally available and
culturally staple foods, video demonstrations of safe and
culturally relevant exercises during pregnancy (eg, yoga, mild
hiking, walking), and revised visual aids for carbohydrate
estimation to include standardized pictures of staple Nepalese
foods with common portion sizes shown in locally used utensils,
such as plates, bowls, and cups.

Usability Testing
In total, 18 newly diagnosed patients with GDM participated
in the usability testing [29] with the MVP. The mean age of
patients in the usability testing was 28.8 (SD 3.3) years. All
patients were married, and slightly more than half (n=10, 55.6%)
were homemakers. The mean gestational age was 27.2 (SD 3.0)
weeks, and the average number of years of schooling was 13.3
(SD 2.8) years.

Results from the think-aloud protocol are described in Table 1.
The mean usability score across the 10 tasks was 3.50 (SD 0.55;
maximum score=5 for very easy). The task completion rates
ranged from 55.6% (n=10) to 94.4% (n=17) across the 10 tasks,
with the lowest completion rate for the task requiring the patients
to look up their next scheduled appointment on the app. All
patients except 1 (5.6%) were able to successfully complete
tasks requiring them to enter their weight and systolic and
diastolic pressure into the app.
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Table 1. Usability testing of key important features of the GDM-DHa app among target users (women with GDMb) in Dhulikhel Hospital, Nepal
(n=18).

Scorec, mean
(SD)

Very easy, n
(%)

Easy, n (%)Normal, n
(%)

Difficult, n
(%)

Very diffi-
cult, n (%)

Successful completion, n
(%)

Usability testing task

NoYes

3.8 (0.6)2 (11.1)11 (61.1)5 (27.8)002 (11.1)16 (88.9)Enter fasting blood glucose
levels.

3.7 (0.5)013 (71.2)5 (27.8)002 (11.1)16 (88.9)Enter postprandial blood glu-
cose levels and view the glu-
cose chart.

3.8 (0.6)2 (11.1)10 (55.6)6 (33.3)001 (5.6)17 (94.4)Enter the systolic blood pres-
sure level.

3.7 (0.5)013 (71.2)5 (27.8)001 (5.6)17 (94.4)Enter the diastolic blood
pressure level and view the
blood pressure chart.

3.7 (0.8)1 (5.6)12 (66.7)3 (16.7)2 (11.1)02 (11.1)16 (88.9)Open a video on GDM nutri-
tion.

3.2 (1.0)1 (5.6)7 (38.9)5 (27.8)4 (22.2)1 (5.6)6 (33.3)12 (66.7)Add a friend or family mem-
ber in the app.

3.9 (0.6)2 (11.1)12 (66.7)4 (22.2)001 (5.6)17 (94.4)Enter weight.

3.2 (1.0)1 (5.6)7 (38.9)6 (33.3)3 (16.7)1 (5.6)6 (33.3)12 (66.7)Find out the daily step count
from today.

3.22 (0.8)08 (44.4)6 (33.3)4 (22.2)06 (33.3)12 (66.7)Figure out how many carbohy-
drates were consumed at
breakfast today.

2.8 (1.0)06 (33.3)5 (27.8)5 (27.8)2 (11.1)8 (44.4)10 (55.6)Find out when the next ap-
pointment is.

aGDM-DH: Garbhakalin Diabetes athawa Madhumeha—Dhulikhel Hospital.
bGDM: gestational diabetes mellitus.
cPatients were asked to rate the difficulty of completing each task on a 5-point scale ranging from 5 for “very easy” to 1 for “very difficult.” The mean
(SD) score represents an average score for the corresponding task across all patients.

Modifications to the GDM-DH App After Usability
Testing
Findings from the focus group, interviews, and usability testing
were reviewed to identify recurring themes of feedback with
respect to the GDM-DH app’s content, usability, navigation,
and functionalities. These findings allowed us to gain insight
into participants’ thought processes with regard to app use,
places where they encounter difficulties, and ways to improve
the app’s usability. As shown in Textbox 1, these themes served
as valuable insights that were used by the app developer to
address the key usability barriers and participants’
preferences/feedback and develop a final version of the

GDM-DH app for testing in a pilot clinical trial. For example,
considering that nearly half of the usability testing participants
struggled in identifying their upcoming antenatal appointments,
we decided that the upcoming appointments would be shown
in a list, in addition to the calendar. Additionally, we included
a comprehensive video tutorial on how to navigate the GDM-DH
app and use its features. In the web-based portal, in addition to
the features decided on by the research team and software
development company, we incorporated new features requested
by the providers, including a patient finder tool, data export
customization, and additional analytics in the dashboard, such
as the average number of antenatal visits per patient and the
percentage of patients under medical therapy for GDM.
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Textbox 1. Modifications requested and incorporated in the Garbhakalin Diabetes athawa Madhumeha—Dhulikhel Hospital (GDM-DH) app based on
user research and usability testing among target users (women with gestational diabetes mellitus [GDM]) in Dhulikhel Hospital, Nepal.

Educational resources

• Use simple and clear language in educational resources, avoiding jargon and using terms understandable to the target users.

• Provide clear guidance on healthy food selections and appropriate portion sizes, including example meal plans with locally available foods.

• Clarify common misconceptions around diet and physical activity during pregnancy.

• Address specific cultural and social challenges faced by target users with respect to diet/lifestyle modification and provide appropriate strategies
to problem-solve around those barriers.

• Add information about the signs and symptoms of hypoglycemia, along with practical strategies for effective management.

• Clarify criteria for when insulin or medication is indicated for GDM.

• Add examples of physical activity and exercise videos that are appropriate for pregnant women.

• Include information about contraindications for physical activity during pregnancy, including warning signs to stop exercising.

• Add an educational module on how family members can provide support to women with GDM.

App interface and features

• Use bigger font sizes; enlarge and make the images clearer.

• Revise the visual aids to include standardized pictures of common food portion sizes in locally used utensils, such as plates, bowls, and cups.

• Add reminders to input blood glucose, weight, diet, and blood pressure data.

• Use pop-ups to confirm data input and avoid double entries.

• Use bar graphs instead of line graphs to present blood glucose, weight, and blood pressure visualizations.

• Make glucose, weight, diet, and blood pressure data visible both as a list and in graphical format.

• Show upcoming appointments in a list, in addition to the calendar.

• Add the hospital hotline number under Help and Support.

• Include a video tutorial on how to navigate the GDM-DH app and use its features.

Web-based portal

• Include a patient finder feature to search for a patient quickly.

• Add a function to customize data export based on specific parameters and layout.

• Add dashboard analytics based on patient data (eg, average number of antenatal visits per patient, percentage of patients under medical therapy
for GDM)

The decision to retain or disregard the requested modifications
was based on their potential influence on behavioral and clinical
outcomes, budget feasibility, the implementation time frame,
and their potential impact on the app’s scalability in the future.
For example, meal plans were added because they could be
easily incorporated with minimal time and cost but would have
maximal health gains. However, our target users also suggested
that we add a feature to connect and chat with other app users
with GDM, as well as a platform to communicate directly with
health care providers via the app; these features were not added

due to logistical, technical, and funding constraints but may be
considered in the future.

Final GDM-DH App
Based on the SCT framework, the final version of our culturally
tailored GDM-DH app supports GDM management by providing
patient education, reinforcing regular blood
glucose/carbohydrate/weight monitoring, increasing self-efficacy
for diet/lifestyle modification, and facilitating clinical and social
support. A detailed description and justification of the app
features as well as their alignment with the SCT constructs are
provided in Table 2.
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Table 2. Description and justification of the GDM-DHa app features designed for self-management and treatment of Nepalese women with GDMb.

SCTc constructsRationaleFeature and description

Educational modules

The level of knowledge about GDM is significantly associ-
ated with self-management efficacy and glycemic control
[47-49]. It also facilitates better information retention as
patients can go through the lessons at their own pace and
revisit them at their convenience.

Educational modules consist of text- and image-based
materials and brief videos covering various health and
nutrition topics related to GDM and its management.

• Self-efficacy
• Behavior capabilities
• Outcome expectancies

Blood glucose monitoring

Self-monitoring of glucose levels is associated with an in-
crease in self-efficacy and better glycemic control [50].
Data visualizations increases patient awareness and helps
health care providers with timely and informed clinical
decision-making.

Blood glucose levels can be logged in for fasting and
postprandial levels 3 times daily. These data are dis-
played in color-coded graphs (red and green bars for
above- and within-target ranges, respectively).

• Self-regulation
• Self-efficacy

Carbohydrate monitoring

It builds the user’s self-efficacy for understanding and
changing their carbohydrate intake patterns.

The app incorporates standardized pictures of local
Nepalese foods with common portion sizes to help the
user estimate and track calories and carbohydrate
(grams) in their meals.

• Self-regulation
• Behavior capabilities

Blood pressure monitoring

Data visualization increases patient awareness and helps
health care providers with timely and informed clinical
decision-making.

Users can log/track their systolic and diastolic blood
pressure. These data are displayed in color-coded
graphs (red and green bars for above- and within-target
ranges, respectively).

• Self-regulation
• Self-efficacy

GWGd

Weight monitoring builds the user’s self-efficacy for un-
derstanding and managing their GWG.

Based on weights entered by the user, the app creates a
graph comparing the user’s weekly GWG rate with the
recommended guidelines for optimal GWG, depending
on the pre-pregnancy BMI.

• Self-regulation
• Self-efficacy

Physical activity

It builds the user’s self-efficacy for understanding and
changing their physical activity patterns.

The app integrates with the Google-Fit app to pull and
graph physical activity data, including the step count.

• Self-regulation
• Self-efficacy

Appointment reminder

The reminder system enables patient adherence to the ante-
natal care regimen [51].

The app has an in-built calendar, which the users can
use to record and view upcoming antenatal appoint-
ments.

• Reinforcement

Social network

The app helps a user garner social support from
friends/family and offers a source of accountability, moti-
vation, and shared experience.

Via a social network “follow” feature, the patient is
able to list 1 or more friends/family members as con-
tacts in the app and give them the permission to view
their logged data or progress summary.

• Reinforcement

Web -based portal

It streamlines the providers’ workflow, as they can quickly
look at patient data visualizations to understand patient
behaviors and progress and accordingly guide their treat-
ment and counseling.

Health care providers can use the web-based admin
portal to register a new patient, as well as enter, update,
or review clinical and other patient-related information
(glucose/blood pressure/weight/diet, clinical histo-
ry/notes).

• Reinforcement

aGDM-DH: Garbhakalin Diabetes athawa Madhumeha—Dhulikhel Hospital.
bGDM: gestational diabetes mellitus.
cSCT: social cognitive theory.
dGWG: gestational weight gain.
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Mobile App
The mobile app, which is patient facing, includes 6 feature icons
on its home page: (1) Blood Glucose, (2) Food Intake, (3) Blood
Pressure, (4) Weight, (5) Physical activity, and (6) Appointment
(Figure 2). Using these features, the app allows patients to record
and self-monitor their blood glucose, blood pressure,
carbohydrate intake, physical activity, and GWG and track them
over time. The app has a goal-setting feature and uses innovative
technological features to minimize the self-monitoring burden,
such as visual aids for carbohydrate estimation and integration
with the Google-Fit app to automatically log physical activity
data. Based on the data entered, the app provides automatic
feedback about blood glucose, blood pressure, and GWG via a

feedback engine that compares the user data to existing
guidelines and recommendations. The app also generates visual
displays summarizing their blood glucose, blood pressure, diet,
physical activity, and weight patterns, allowing the user to easily
monitor their alignment and progress toward target goals. In
addition to the self-monitoring features, multimedia video- and
text-based modules are included in the app as educational
resources. The GDM-DH app also includes a social network
“follow” feature, allowing the user to list 1 or more
friends/family members as contacts in the app and give them
the permission to view their logged data or progress summary.
The app has an in-built calendar, which the users can use to
record and view upcoming antenatal appointments.
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Figure 2. Key app features of the GDM-DH app designed for self-management and treatment of Nepalese women with GDM. GDM: gestational
diabetes mellitus; GDM-DH: Garbhakalin Diabetes athawa Madhumeha—Dhulikhel Hospital.

Web-Based Portal
The web-based portal can be securely accessed by researchers
and health care providers from any device that supports modern
web browsers. The web-based portal has features for patient
management, data capture and review, and data
dashboard/visualization. Health care providers can register a
new patient; enter, update, or review clinical and other

patient-related information (patient vitals, measurements, clinical
notes, medications, etc); and schedule or make changes in
appointments. Using Apache Kafka, the web-based portal syncs
with the mobile app and allows providers to access data and
graphs summarizing the patient’s diet, physical activity, weight,
blood pressure, and blood glucose patterns. This streamlines
the providers’ workflow and allows them to easily track patient
progress and accordingly guide their treatment and counseling.
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Researchers and admin users can use the web-based portal to
add new users, add/update the app modules/images/visualization,
and audit changes made by users.

Data Security
Data from the mobile app are stored in a HIPAA-compliant,
secure server hosted by Amazon Web Services. MongoDB is
used to implement the database service, which is a free, open
source, no–Structured Query Language (no-SQL) database
program tailored to support big data. It is encrypted and
access-controlled using tokens to ensure it cannot be accessed
outside the app. Apache Kafka is the core of the streaming
service to ensure reliability, high availability, and scalability.
All communications are transmitted using the Secure Sockets
Layer (SSL) standard protocol, and data are encrypted at rest
to ensure security. App access is controlled using a secure
username-password combination.

Discussion

Principal Findings
Self-management of GDM is vital for controlling blood glucose
levels and minimizing complications for both mother and baby
[10,52]. In this paper, we described the design and development
of GDM-DH, a culturally tailored GDM management app
targeted for use among patients and health care providers in
Nepal. Following the SCT framework [53], the GDM-DH app
assists in self-management of GDM by enhancing the patients’
knowledge of and self-efficacy in adhering to blood glucose
monitoring and recommended diet and physical activity
regimens. With respect to the health care providers, the app’s
web-based portal offers easy data visualization to track patient
progress and treatment response, facilitating informed clinical
decision-making at the point of care.

The growing literature highlights the importance of culturally
tailoring health interventions, that is, adapting the intervention
content and instructions according to the target users’ culture,
diet, language, religion, customs, and beliefs [54-56]. Several
studies [56-59], including systematic reviews [60], have found
that culturally tailored programs and interventions are effective
at improving disease knowledge, behavioral outcomes (eg,
physical activity), access to care, and clinical outcomes,
including glycated hemoglobin (HbA1C) levels in patients with
diabetes. Our GDM-DH app development incorporated a
user-centered design approach that actively involved end users
and used ethnographic and human-computer interaction
methodologies to better understand and meet their needs. the
user-centered design approach is especially paramount to
developing culturally tailored mobile interventions, ensuring
app engagement, and promoting digital health equity in
low-income countries, such as Nepal [54].

Although mobile technology has been widely applied and proven
efficacious for self-management of diabetes outside of
pregnancy [29,32,41,61], mobile app–based lifestyle
interventions for GDM are just emerging, even in high-income
countries [62-68]. To date, there are only a few published
randomized controlled trials that have evaluated mobile
app–based solutions for GDM management [63-68]. Two recent

reviews [69,70] on app-based interventions for GDM concluded
that most existing studies were of moderate quality and were
underpowered to detect effects on perinatal outcomes but,
overall, indicated improved glycemic control in the mobile
intervention groups compared to standard care alone. However,
most existing app-based interventions for GDM management
focus on remote blood glucose monitoring, with manual
feedback from health care providers [24,69,70], which can be
resource intensive and burdensome for both providers and
participants, thus limiting the potential for widespread
dissemination and impact, particularly in low-resource settings,
such as Nepal. Additionally, despite evidence showing that
lifestyle and T2D interventions based on behavior change theory
are more effective [71-73], we found only 2 studies [67,68] that
incorporated relevant theories in their mobile intervention for
GDM. Furthermore, only 2 studies [65,67] involved input from
target users during app design and development, which is critical
for ensuring the effectiveness and acceptability of
evidence-based interventions [74].

Strengths
Our GDM-DH app overcomes existing limitations and represents
an advance over previous mobile interventions for GDM as it
provides a comprehensive solution for GDM management
without the need for additional work from health care
professionals and incorporates user-centered principles and
theory-based BCTs to meet the specific needs and technological
literacy of our target users. To the best of our knowledge, the
GDM-DH app is also the first to contain a social support
component by including a social network feature. Although the
educational content and custom food tracker (and visual aids
for calorie/carbohydrate estimation) in our GDM-DH app were
specifically designed for our target population of Nepalese
women, they can be easily adapted and scaled to other contexts
and populations by applying similar user-designed principles.

Limitations
Several limitations of the GDM-DH app and its development
process are worth mentioning. First, the number of participants
in our usability study was limited. Additionally, during usability
testing, we may have observed the best-case scenario for comfort
and confidence in using the app, leading us to overestimate the
true usability and technological proficiency. Second, we did
not use a structured framework, such as the Delphi method [75],
to organize and structure the discussions to guide our GDM-DH
app and intervention development, which will make it difficult
for others to replicate our study procedures. Nonetheless, we
used many of the elements of the Delphi framework, including
an iterative approach, the use of experts, and group-based
responses. Similarly, although we did not use a structured
framework to guide the modification and optimization of the
GDM-DH app and intervention content, our prespecified criteria,
including feasibility, scalability, and affordability, align with
existing frameworks designed to optimize and evaluate an
intervention prior to implementation (eg, multiphase
optimization strategy, or MOST [76], and Acceptability,
Practicability, Effectiveness, Affordability, Spill-Over Effects,
and Equity, or APEASE [77], criteria). Due to resource
limitations, we were unable to address all the needs and
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suggestions provided by our target users. For instance, the
current version of the app has limited social support, but future
versions could incorporate features such as a discussion forum
to foster a stronger network and support system among users.
The manual entry of blood glucose and blood pressure levels
is also a limitation. Since the app was designed to address the
cultural barriers and technological literacy of a specific
population, generalizability is a potential issue, and adapting
the app to other settings and contexts would require a similar
level of user research and testing among the target populations.
Large-scale cluster-randomized clinical trials at multiple urban
and rural sites in Nepal are needed to establish the effectiveness
and generalizability of the GDM-DH app to women with GDM
across the country.

Future Research
In the future, we plan to further optimize the GDM-DH app by
including Bluetooth-enabled data entry and advanced smart
phone functionalities, such as multimedia push notifications,
and gamification features, which have been shown to increase

retention and improve engagement with mHealth interventions
[78-80]. Push notifications enable on-the-go delivery of
intervention content, providing the necessary trigger and
reinforcement when the specific intervention is most needed or
is most convenient for the user. Gamification (application of
game elements) features provide entertainment and
intrinsic/extrinsic motivation (eg, point scores, badges, levels,
a leaderboard) to promote sustained engagement with the app
[81-85].

Conclusion
The GDM-DH app targets specific needs identified by our target
population in our pilot research and has unique features,
including a social support feature, visual aids for carbohydrate
estimation, and a comprehensive support system without
imposing an additional provider burden. A proof-of-concept
pilot clinical trial (NCT04198857) to study the feasibility,
acceptability, and preliminary efficacy of the GDM-DH app is
currently underway.

Acknowledgments
This project was supported by the National Institutes of Health/Fogarty International Center (grant #NIH 1R21TW011377-01).

Data Availability
The data sets generated and analyzed during this study are available from the corresponding author upon reasonable request.

Authors' Contributions
Study concept and design were managed by SR; acquisition, analysis, and interpretation of data, AS (Aarthi Shanmugavel), PS,
AS (Archana Shrestha), JN, AS (Abha Shrestha), J-FD, and SR; drafting of the manuscript and literature review, AS (Aarthi
Shanmugavel) and SR; critical revision of the manuscript for important intellectual content, AS (Aarthi Shanmugavel), PS, AS
(Archana Shrestha), JN, AS (Abha Shrestha), J-FD, and SR; and statistical analysis, JN and SR. All authors have read and approved
the final manuscript.

Conflicts of Interest
None declared.

References

1. Chu SY, Abe K, Hall LR, Kim SY, Njoroge T, Qin C. Gestational diabetes mellitus: all Asians are not alike. Prev Med.
Aug 2009;49(2-3):265-268. [doi: 10.1016/j.ypmed.2009.07.001] [Medline: 19596364]

2. Hedderson M, Ehrlich S, Sridhar S, Darbinian J, Moore S, Ferrara A. Racial/ethnic disparities in the prevalence of gestational
diabetes mellitus by BMI. Diabetes Care. Jul 2012;35(7):1492-1498. [FREE Full text] [doi: 10.2337/dc11-2267] [Medline:
22619080]

3. Mistry SK, Das Gupta R, Alam S, Kaur K, Shamim AA, Puthussery S. Gestational diabetes mellitus (GDM) and adverse
pregnancy outcome in South Asia: a systematic review. Endocrinol Diabetes Metab. Oct 03, 2021;4(4):e00285. [FREE
Full text] [doi: 10.1002/edm2.285] [Medline: 34505412]

4. Yuen L, Wong VW. Gestational diabetes mellitus: challenges for different ethnic groups. World J Diabetes. Jul 25,
2015;6(8):1024-1032. [FREE Full text] [doi: 10.4239/wjd.v6.i8.1024] [Medline: 26240699]

5. Jawad F, Ejaz K. Gestational diabetes mellitus in South Asia: epidemiology. J Pak Med Assoc. Sep 2016;66(9 Suppl
1):S5-S7. [Medline: 27582153]

6. Yang W. Changing characteristics of the type 2 diabetes epidemic of China and other Asian countries. J Diabetes Investig.
May 06, 2013;4(3):223-224. [FREE Full text] [doi: 10.1111/jdi.12057] [Medline: 24843657]

7. Mandal F, Gupta S, Rimal B, Kafle D. Prevalence of Gestational Diabetes Mellitus in National Medical College & Teaching
Hospital, Birgunj, Nepal. Int Res J Pharm App Sci. 2013;3(6):1-3.

8. Jiwani A, Marseille E, Lohse N, Damm P, Hod M, Kahn JG. Gestational diabetes mellitus: results from a survey of country
prevalence and practices. J Matern Fetal Neonatal Med. Jun 2012;25(6):600-610. [doi: 10.3109/14767058.2011.587921]
[Medline: 21762003]

JMIR Form Res 2024 | vol. 8 | e50823 | p. 12https://formative.jmir.org/2024/1/e50823
(page number not for citation purposes)

Shanmugavel et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.ypmed.2009.07.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19596364&dopt=Abstract
https://europepmc.org/abstract/MED/22619080
http://dx.doi.org/10.2337/dc11-2267
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22619080&dopt=Abstract
https://europepmc.org/abstract/MED/34505412
https://europepmc.org/abstract/MED/34505412
http://dx.doi.org/10.1002/edm2.285
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34505412&dopt=Abstract
https://www.wjgnet.com/1948-9358/full/v6/i8/1024.htm
http://dx.doi.org/10.4239/wjd.v6.i8.1024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26240699&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27582153&dopt=Abstract
https://europepmc.org/abstract/MED/24843657
http://dx.doi.org/10.1111/jdi.12057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24843657&dopt=Abstract
http://dx.doi.org/10.3109/14767058.2011.587921
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21762003&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


9. Thapa P, Shrestha S, Flora MS, Bhattarai MD, Thapa N, Mahat B, et al. Gestational diabetes mellitus - a public health
concern in rural communities of Nepal. J Nepal Health Res Counc. 2015;13(31):175-181. [Medline: 27005708]

10. Bellamy L, Casas J, Hingorani AD, Williams D. Type 2 diabetes mellitus after gestational diabetes: a systematic review
and meta-analysis. Lancet. May 23, 2009;373(9677):1773-1779. [doi: 10.1016/S0140-6736(09)60731-5] [Medline: 19465232]

11. Ferrara A. Increasing prevalence of gestational diabetes mellitus: a public health perspective. Diabetes Care. Jul 2007;30(Suppl
2):S141-S146. [doi: 10.2337/dc07-s206] [Medline: 17596462]

12. WHO Multicentre Growth Reference Study Group. WHO child growth standards based on length/height, weight and age.
Acta Paediatr Suppl. Apr 02, 2006;450(S450):76-85. [doi: 10.1111/j.1651-2227.2006.tb02378.x] [Medline: 16817681]

13. Kurtzhals LL, Nørgaard SK, Secher AL, Nichum VL, Ronneby H, Tabor A, et al. The impact of restricted gestational
weight gain by dietary intervention on fetal growth in women with gestational diabetes mellitus. Diabetologia. Dec 25,
2018;61(12):2528-2538. [doi: 10.1007/s00125-018-4736-6] [Medline: 30255376]

14. Vince K, Perković P, Matijević R. What is known and what remains unresolved regarding gestational diabetes mellitus
(GDM). J Perinat Med. Oct 25, 2020;48(8):757-763. [doi: 10.1515/jpm-2020-0254] [Medline: 32827397]

15. Xu T, Dainelli L, Yu K, Ma L, Silva Zolezzi I, Detzel P, et al. The short-term health and economic burden of gestational
diabetes mellitus in China: a modelling study. BMJ Open. Dec 03, 2017;7(12):e018893. [FREE Full text] [doi:
10.1136/bmjopen-2017-018893] [Medline: 29203507]

16. Meregaglia M, Dainelli L, Banks H, Benedetto C, Detzel P, Fattore G. The short-term economic burden of gestational
diabetes mellitus in Italy. BMC Pregnancy Childbirth. Feb 23, 2018;18(1):58. [FREE Full text] [doi:
10.1186/s12884-018-1689-1] [Medline: 29471802]

17. Vikram NK, Pandey RM, Misra A, Sharma R, Devi JR, Khanna N. Non-obese (body mass index <25 kg/m2) Asian Indians
with normal waist circumference have high cardiovascular risk. Nutrition. Jun 2003;19(6):503-509. [doi:
10.1016/s0899-9007(02)01083-3] [Medline: 12781849]

18. Praveen PA, Kumar SR, Tandon N. Type 2 diabetes in youth in South Asia. Curr Diab Rep. Feb 27, 2015;15(2):571. [doi:
10.1007/s11892-014-0571-4] [Medline: 25620404]

19. Raji A, Seely EW, Arky RA, Simonson DC. Body fat distribution and insulin resistance in healthy Asian Indians and
Caucasians. J Clin Endocrinol Metab. Nov 2001;86(11):5366-5371. [doi: 10.1210/jcem.86.11.7992] [Medline: 11701707]

20. Gadve S, Chavanda S, Mukherjee A, Aziz S, Joshi A, Patwardhan M. Risk of developing type 2 diabetes mellitus in South
Asian women with history of gestational diabetes mellitus: a systematic review and meta-analysis. Indian J Endocr Metab.
2021;25(3):176. [doi: 10.4103/ijem.ijem_57_21]

21. Pagoto S. The current state of lifestyle intervention implementation research: where do we go next? Transl Behav Med.
Sep 2011;1(3):401-405. [FREE Full text] [doi: 10.1007/s13142-011-0071-x] [Medline: 24073065]

22. Mitchell LJ, Ball LE, Ross LJ, Barnes KA, Williams LT. Effectiveness of dietetic consultations in primary health care: a
systematic review of randomized controlled trials. J Acad Nutr Diet. Dec 2017;117(12):1941-1962. [FREE Full text] [doi:
10.1016/j.jand.2017.06.364] [Medline: 28826840]

23. Zhao J, Freeman B, Li M. Can mobile phone apps influence people's health behavior change? An evidence review. J Med
Internet Res. Oct 31, 2016;18(11):e287. [FREE Full text] [doi: 10.2196/jmir.5692] [Medline: 27806926]

24. Chen Q, Carbone ET. Functionality, implementation, impact, and the role of health literacy in mobile phone apps for
gestational diabetes: scoping review. JMIR Diabetes. Oct 04, 2017;2(2):e25. [FREE Full text] [doi: 10.2196/diabetes.8045]
[Medline: 30291088]

25. Cho Y, Lee S, Islam SMS, Kim S. Theories applied to m-Health interventions for behavior change in low- and middle-income
countries: a systematic review. Telemed J E Health. Oct 13, 2018;24(10):727-741. [FREE Full text] [doi:
10.1089/tmj.2017.0249] [Medline: 29437546]

26. Peiris D, Praveen D, Johnson C, Mogulluru K. Use of mHealth systems and tools for non-communicable diseases in low-
and middle-income countries: a systematic review. J Cardiovasc Transl Res. Nov 2014;7(8):677-691. [doi:
10.1007/s12265-014-9581-5] [Medline: 25209729]

27. De Vito Dabbs A, Myers BA, Mc Curry KR, Dunbar-Jacob J, Hawkins RP, Begey A, et al. User-centered design and
interactive health technologies for patients. Comput Inform Nurs. 2009;27(3):175-183. [FREE Full text] [doi:
10.1097/NCN.0b013e31819f7c7c] [Medline: 19411947]

28. Bandura A. Social cognitive theory of self-regulation. Org Behav Hum Decis Processes. Dec 1991;50(2):248-287. [doi:
10.1016/0749-5978(91)90022-l]

29. Rubin J, Chisnell D. Handbook of Usability Testing: How to Plan, Design, and Conduct Effective Tests, Second Edition.
Hoboken, NJ. Wiley; 2008.

30. World HO. Package of essential noncommunicable disease interventions for primary health care in low-resource settings.
World Health Organization. 2010. URL: https://www.who.int/publications/i/item/9789241598996 [accessed 2023-12-20]

31. Kiger ME, Varpio L. Thematic analysis of qualitative data: AMEE guide no. 131. Med Teach. Aug 2020;42(8):846-854.
[doi: 10.1080/0142159X.2020.1755030] [Medline: 32356468]

32. Brooke J. SUS-A quick and dirty usability scale. In: Jordan P, Thomas B, McClelland IL, Weerdmeester B, editors. Usability
Evaluation in Industry. Boca Raton, FL. CRC Press; 1996;194.

JMIR Form Res 2024 | vol. 8 | e50823 | p. 13https://formative.jmir.org/2024/1/e50823
(page number not for citation purposes)

Shanmugavel et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27005708&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(09)60731-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19465232&dopt=Abstract
http://dx.doi.org/10.2337/dc07-s206
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17596462&dopt=Abstract
http://dx.doi.org/10.1111/j.1651-2227.2006.tb02378.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16817681&dopt=Abstract
http://dx.doi.org/10.1007/s00125-018-4736-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30255376&dopt=Abstract
http://dx.doi.org/10.1515/jpm-2020-0254
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32827397&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=29203507
http://dx.doi.org/10.1136/bmjopen-2017-018893
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29203507&dopt=Abstract
http://hdl.handle.net/2318/1678778
http://dx.doi.org/10.1186/s12884-018-1689-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29471802&dopt=Abstract
http://dx.doi.org/10.1016/s0899-9007(02)01083-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12781849&dopt=Abstract
http://dx.doi.org/10.1007/s11892-014-0571-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25620404&dopt=Abstract
http://dx.doi.org/10.1210/jcem.86.11.7992
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11701707&dopt=Abstract
http://dx.doi.org/10.4103/ijem.ijem_57_21
https://europepmc.org/abstract/MED/24073065
http://dx.doi.org/10.1007/s13142-011-0071-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24073065&dopt=Abstract
https://core.ac.uk/reader/143901537?utm_source=linkout
http://dx.doi.org/10.1016/j.jand.2017.06.364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28826840&dopt=Abstract
https://www.jmir.org/2016/11/e287/
http://dx.doi.org/10.2196/jmir.5692
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27806926&dopt=Abstract
https://diabetes.jmir.org/2017/2/e25/
http://dx.doi.org/10.2196/diabetes.8045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30291088&dopt=Abstract
https://europepmc.org/abstract/MED/29437546
http://dx.doi.org/10.1089/tmj.2017.0249
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29437546&dopt=Abstract
http://dx.doi.org/10.1007/s12265-014-9581-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25209729&dopt=Abstract
https://europepmc.org/abstract/MED/19411947
http://dx.doi.org/10.1097/NCN.0b013e31819f7c7c
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19411947&dopt=Abstract
http://dx.doi.org/10.1016/0749-5978(91)90022-l
https://www.who.int/publications/i/item/9789241598996
http://dx.doi.org/10.1080/0142159X.2020.1755030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32356468&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


33. Zhou L, Bao J, Setiawan IMA, Saptono A, Parmanto B. The mHealth App Usability Questionnaire (MAUQ): development
and validation study. JMIR Mhealth Uhealth. Apr 11, 2019;7(4):e11500. [FREE Full text] [doi: 10.2196/11500] [Medline:
30973342]

34. Erlingsson C, Brysiewicz P. A hands-on guide to doing content analysis. Afr J Emerg Med. Sep 2017;7(3):93-99. [FREE
Full text] [doi: 10.1016/j.afjem.2017.08.001] [Medline: 30456117]

35. Tougas ME, Hayden JA, McGrath PJ, Huguet A, Rozario S. A systematic review exploring the social cognitive theory of
self-regulation as a framework for chronic health condition interventions. PLoS One. 2015;10(8):e0134977. [FREE Full
text] [doi: 10.1371/journal.pone.0134977] [Medline: 26252889]

36. Torkan N, Kazemi A, Paknahad Z, Bahadoran P. Relationship of social cognitive theory concepts to dietary habits of
pregnant women. Iran J Nurs Midwifery Res. 2018;23(2):125-130. [FREE Full text] [doi: 10.4103/ijnmr.IJNMR_157_16]
[Medline: 29628960]

37. Kaiser B, Razurel C, Jeannot E. Impact of health beliefs, social support and self-efficacy on physical activity and dietary
habits during the post-partum period after gestational diabetes mellitus: study protocol. BMC Pregnancy Childbirth. Jun
21, 2013;13(1):133. [FREE Full text] [doi: 10.1186/1471-2393-13-133] [Medline: 23800121]

38. Baranowski P, Perry C, Parcel GS, Glanz K. How individuals, environments, and health behavior interact-social cognitive
theory. In: Glanz K, Rimer BK, Lewis FM, editors. Health Behavior and Health Education: Theory, Research, and Practice.
San Francisco, CA. Jossey-Bass; 2002;165-184.

39. Abraham C, Michie S. A taxonomy of behavior change techniques used in interventions. Health Psychol. May
2008;27(3):379-387. [doi: 10.1037/0278-6133.27.3.379] [Medline: 18624603]

40. Bourne JE, Ivanova E, Gainforth HL, Jung ME. Mapping behavior change techniques to characterize a social cognitive
theory informed physical activity intervention for adults at risk of type 2 diabetes mellitus. Transl Behav Med. Aug 07,
2020;10(3):705-715. [doi: 10.1093/tbm/ibz008] [Medline: 30715534]

41. Middleton KR, Anton SD, Perri MG. Long-term adherence to health behavior change. Am J Lifestyle Med.
2013;7(6):395-404. [FREE Full text] [doi: 10.1177/1559827613488867] [Medline: 27547170]

42. Berube LS, Shrestha A, Shrestha A, Daneault JF, Shakya P, Rawal S. Development and testing of a mobile application for
management of gestational diabetes: a qualitative and randomized trial protocol. Curr Dev Nutr. Jun 7, 2021;5(Suppl 2):721.
[FREE Full text] [doi: 10.1093/cdn/nzab046_018] [Medline: PMC8181299]

43. Hmone MP, Dibley MJ, Li M, Alam A. A formative study to inform mHealth based randomized controlled trial intervention
to promote exclusive breastfeeding practices in Myanmar: incorporating qualitative study findings. BMC Med Inform Decis
Mak. Jun 04, 2016;16:60. [FREE Full text] [doi: 10.1186/s12911-016-0301-8] [Medline: 27260252]

44. Ilozumba O, Dieleman M, Kraamwinkel N, Van Belle S, Chaudoury M, Broerse JEW. "I am not telling. The mobile is
telling": factors influencing the outcomes of a community health worker mHealth intervention in India. PLoS One. Mar
2018;13(3):e0194927. [FREE Full text] [doi: 10.1371/journal.pone.0194927] [Medline: 29584773]

45. Bloom SS, Wypij D, Das Gupta M. Dimensions of women's autonomy and the influence on maternal health care utilization
in a North Indian city. Demography. Feb 2001;38(1):67-78. [doi: 10.1353/dem.2001.0001] [Medline: 11227846]

46. Bhattarai S, Shrestha A, Shrestha A, Shrestha K, Nepal J, Rawal S. Perceived barriers to management of gestational diabetes
mellitus (GDM) and recommendations for developing a mobile app for GDM. Presented at: NUTRITION 2022; June 14–16,
2022, 2022; Online. [doi: 10.1093/cdn/nzac061.007]

47. He R, Lei Q, Hu H, Li H, Tian D, Lai Z. The effect of health education combined with personalized psychological nursing
intervention on pregnancy outcome of pregnant women with gestational diabetes mellitus. Biomed Res Int.
2022;2022:3157986. [FREE Full text] [doi: 10.1155/2022/3157986] [Medline: 35345524]

48. Daly B, Toulis KA, Thomas N, Gokhale K, Martin J, Webber J, et al. Increased risk of ischemic heart disease, hypertension,
and type 2 diabetes in women with previous gestational diabetes mellitus, a target group in general practice for preventive
interventions: a population-based cohort study. PLoS Med. Jan 2018;15(1):e1002488. [FREE Full text] [doi:
10.1371/journal.pmed.1002488] [Medline: 29337985]

49. Endres LK, Sharp LK, Haney E, Dooley SL. Health literacy and pregnancy preparedness in pregestational diabetes. Diabetes
Care. Feb 2004;27(2):331-334. [doi: 10.2337/diacare.27.2.331] [Medline: 14747209]

50. McIntosh B, Yu C, Lal A, Chelak K, Cameron C, Singh SR, et al. Efficacy of self-monitoring of blood glucose in patients
with type 2 diabetes mellitus managed without insulin: a systematic review and meta-analysis. Open Med.
2010;4(2):e102-e113. [FREE Full text] [Medline: 21686299]

51. Flueckiger RM, Thierno DM, Colaço R, Guilavogui T, Bangoura L, Reithinger R, et al. Using short message service alerts
to increase antenatal care and malaria prevention: findings from implementation research pilot in Guinea. Am J Trop Med
Hyg. Oct 2019;101(4):806-808. [FREE Full text] [doi: 10.4269/ajtmh.19-0202] [Medline: 31392951]

52. Dabelea D. The predisposition to obesity and diabetes in offspring of diabetic mothers. Diabetes Care. Jul 2007;30(Suppl
2):S169-S174. [doi: 10.2337/dc07-s211] [Medline: 17596467]

53. Bandura A. Health promotion by social cognitive means. Health Educ Behav. Apr 2004;31(2):143-164. [doi:
10.1177/1090198104263660] [Medline: 15090118]

54. Asad AL, Kay T. Toward a multidimensional understanding of culture for health interventions. Soc Sci Med. Nov
2015;144:79-87. [doi: 10.1016/j.socscimed.2015.09.013] [Medline: 26397866]

JMIR Form Res 2024 | vol. 8 | e50823 | p. 14https://formative.jmir.org/2024/1/e50823
(page number not for citation purposes)

Shanmugavel et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://mhealth.jmir.org/2019/4/e11500/
http://dx.doi.org/10.2196/11500
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30973342&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2211-419X(17)30042-3
https://linkinghub.elsevier.com/retrieve/pii/S2211-419X(17)30042-3
http://dx.doi.org/10.1016/j.afjem.2017.08.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30456117&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0134977
https://dx.plos.org/10.1371/journal.pone.0134977
http://dx.doi.org/10.1371/journal.pone.0134977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26252889&dopt=Abstract
http://www.ijnmrjournal.net/article.asp?issn=1735-9066;year=2018;volume=23;issue=2;spage=125;epage=130;aulast=Torkan
http://dx.doi.org/10.4103/ijnmr.IJNMR_157_16
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29628960&dopt=Abstract
https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/1471-2393-13-133
http://dx.doi.org/10.1186/1471-2393-13-133
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23800121&dopt=Abstract
http://dx.doi.org/10.1037/0278-6133.27.3.379
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18624603&dopt=Abstract
http://dx.doi.org/10.1093/tbm/ibz008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30715534&dopt=Abstract
https://europepmc.org/abstract/MED/27547170
http://dx.doi.org/10.1177/1559827613488867
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27547170&dopt=Abstract
https://doi.org/10.1093/cdn/nzab046_018
http://dx.doi.org/10.1093/cdn/nzab046_018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=PMC8181299&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-016-0301-8
http://dx.doi.org/10.1186/s12911-016-0301-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27260252&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0194927
http://dx.doi.org/10.1371/journal.pone.0194927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29584773&dopt=Abstract
http://dx.doi.org/10.1353/dem.2001.0001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11227846&dopt=Abstract
http://dx.doi.org/10.1093/cdn/nzac061.007
https://doi.org/10.1155/2022/3157986
http://dx.doi.org/10.1155/2022/3157986
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35345524&dopt=Abstract
https://dx.plos.org/10.1371/journal.pmed.1002488
http://dx.doi.org/10.1371/journal.pmed.1002488
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29337985&dopt=Abstract
http://dx.doi.org/10.2337/diacare.27.2.331
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14747209&dopt=Abstract
https://europepmc.org/abstract/MED/21686299
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21686299&dopt=Abstract
https://europepmc.org/abstract/MED/31392951
http://dx.doi.org/10.4269/ajtmh.19-0202
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31392951&dopt=Abstract
http://dx.doi.org/10.2337/dc07-s211
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17596467&dopt=Abstract
http://dx.doi.org/10.1177/1090198104263660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15090118&dopt=Abstract
http://dx.doi.org/10.1016/j.socscimed.2015.09.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26397866&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


55. Birati Y, Yefet E, Perlitz Y, Shehadeh N, Spitzer S. Cultural and digital health literacy appropriateness of app- and web-based
systems designed for pregnant women with gestational diabetes mellitus: scoping review. J Med Internet Res. Oct 14,
2022;24(10):e37844. [FREE Full text] [doi: 10.2196/37844] [Medline: 36240008]

56. Torres-Ruiz M, Robinson-Ector K, Attinson D, Trotter J, Anise A, Clauser S. A portfolio analysis of culturally tailored
trials to address health and healthcare disparities. Int J Environ Res Public Health. Aug 28, 2018;15(9):1859. [FREE Full
text] [doi: 10.3390/ijerph15091859] [Medline: 30154333]

57. Joo JY, Liu MF. Culturally tailored interventions for ethnic minorities: a scoping review. Nurs Open. Sep 09,
2021;8(5):2078-2090. [FREE Full text] [doi: 10.1002/nop2.733] [Medline: 34388862]

58. Joo JY, Liu MF. Effectiveness of culturally tailored interventions for chronic illnesses among ethnic minorities. West J
Nurs Res. Jan 2020;43(1):73-84. [doi: 10.1177/0193945920918334] [Medline: 32400300]

59. Choi SE, Rush EB. Effect of a short-duration, culturally tailored, community-based diabetes self-management intervention
for Korean immigrants: a pilot study. Diabetes Educ. 2012;38(3):377-385. [FREE Full text] [doi: 10.1177/0145721712443292]
[Medline: 22491398]

60. Joo JY. Effectiveness of culturally tailored diabetes interventions for Asian immigrants to the United States: a systematic
review. Diabetes Educ. May 14, 2014;40(5):605-615. [doi: 10.1177/0145721714534994] [Medline: 24829268]

61. Skar JB, Garnweidner-Holme LM, Lukasse M, Terragni L. Women's experiences with using a smartphone app (the Pregnant+
app) to manage gestational diabetes mellitus in a randomised controlled trial. Midwifery. Mar 2018;58:102-108. [doi:
10.1016/j.midw.2017.12.021] [Medline: 29329023]

62. Hirst JE, Mackillop L, Loerup L, Kevat DA, Bartlett K, Gibson O, et al. Acceptability and user satisfaction of a
smartphone-based, interactive blood glucose management system in women with gestational diabetes mellitus. J Diabetes
Sci Technol. Jan 2015;9(1):111-115. [FREE Full text] [doi: 10.1177/1932296814556506] [Medline: 25361643]

63. Miremberg H, Ben-Ari T, Betzer T, Raphaeli H, Gasnier R, Barda G, et al. The impact of a daily smartphone-based feedback
system among women with gestational diabetes on compliance, glycemic control, satisfaction, and pregnancy outcome: a
randomized controlled trial. Am J Obstet Gynecol. Apr 2018;218(4):453.e1-453.e7. [doi: 10.1016/j.ajog.2018.01.044]
[Medline: 29425836]

64. Guo H, Zhang Y, Li P, Zhou P, Chen L, Li S. Evaluating the effects of mobile health intervention on weight management,
glycemic control and pregnancy outcomes in patients with gestational diabetes mellitus. J Endocrinol Invest. Jun
2019;42(6):709-714. [doi: 10.1007/s40618-018-0975-0] [Medline: 30406378]

65. Mackillop L, Hirst JE, Bartlett KJ, Birks JS, Clifton L, Farmer AJ, et al. Comparing the efficacy of a mobile phone-based
blood glucose management system with standard clinic care in women with gestational diabetes: randomized controlled
trial. JMIR Mhealth Uhealth. Mar 20, 2018;6(3):e71. [FREE Full text] [doi: 10.2196/mhealth.9512] [Medline: 29559428]

66. Al-Ofi EA, Mosli HH, Ghamri KA, Ghazali SM. Management of postprandial hyperglycaemia and weight gain in women
with gestational diabetes mellitus using a novel telemonitoring system. J Int Med Res. Feb 2019;47(2):754-764. [FREE
Full text] [doi: 10.1177/0300060518809872] [Medline: 30442052]

67. Borgen I, Småstuen MC, Jacobsen AF, Garnweidner-Holme LM, Fayyad S, Noll J, et al. Effect of the Pregnant+ smartphone
application in women with gestational diabetes mellitus: a randomised controlled trial in Norway. BMJ Open. Nov 11,
2019;9(11):e030884. [FREE Full text] [doi: 10.1136/bmjopen-2019-030884] [Medline: 31719080]

68. Yew TW, Chi C, Chan S, van Dam RM, Whitton C, Lim CS, et al. A randomized controlled trial to evaluate the effects of
a smartphone application-based lifestyle coaching program on gestational weight gain, glycemic control, and maternal and
neonatal outcomes in women with gestational diabetes mellitus: the SMART-GDM study. Diabetes Care. Feb
2021;44(2):456-463. [FREE Full text] [doi: 10.2337/dc20-1216] [Medline: 33184151]

69. Eberle C, Loehnert M, Stichling S. Effectivness of specific mobile health applications (mHealth-apps) in gestational diabtetes
mellitus: a systematic review. BMC Pregnancy Childbirth. Dec 05, 2021;21(1):808. [FREE Full text] [doi:
10.1186/s12884-021-04274-7] [Medline: 34865645]

70. Smyth S, Curtin E, Tully E, Molphy Z, Breathnach F. Smartphone apps for surveillance of gestational diabetes: scoping
review. JMIR Diabetes. Nov 21, 2022;7(4):e38910. [FREE Full text] [doi: 10.2196/38910] [Medline: 36409549]

71. Webb TL, Joseph J, Yardley L, Michie S. Using the internet to promote health behavior change: a systematic review and
meta-analysis of the impact of theoretical basis, use of behavior change techniques, and mode of delivery on efficacy. J
Med Internet Res. Feb 17, 2010;12(1):e4. [FREE Full text] [doi: 10.2196/jmir.1376] [Medline: 20164043]

72. Glanz K, Bishop DB. The role of behavioral science theory in development and implementation of public health interventions.
Annu Rev Public Health. Mar 01, 2010;31(1):399-418. [doi: 10.1146/annurev.publhealth.012809.103604] [Medline:
20070207]

73. Cotter AP, Durant N, Agne AA, Cherrington AL. Internet interventions to support lifestyle modification for diabetes
management: a systematic review of the evidence. J Diabetes Complications. 2014;28(2):243-251. [FREE Full text] [doi:
10.1016/j.jdiacomp.2013.07.003] [Medline: 24332469]

74. Boulos MNK, Brewer AC, Karimkhani C, Buller DB, Dellavalle RP. Mobile medical and health apps: state of the art,
concerns, regulatory control and certification. Online J Public Health Inform. 2014;5(3):229. [FREE Full text] [doi:
10.5210/ojphi.v5i3.4814] [Medline: 24683442]

JMIR Form Res 2024 | vol. 8 | e50823 | p. 15https://formative.jmir.org/2024/1/e50823
(page number not for citation purposes)

Shanmugavel et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://www.jmir.org/2022/10/e37844/
http://dx.doi.org/10.2196/37844
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36240008&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph15091859
https://www.mdpi.com/resolver?pii=ijerph15091859
http://dx.doi.org/10.3390/ijerph15091859
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30154333&dopt=Abstract
https://europepmc.org/abstract/MED/34388862
http://dx.doi.org/10.1002/nop2.733
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34388862&dopt=Abstract
http://dx.doi.org/10.1177/0193945920918334
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32400300&dopt=Abstract
https://europepmc.org/abstract/MED/22491398
http://dx.doi.org/10.1177/0145721712443292
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22491398&dopt=Abstract
http://dx.doi.org/10.1177/0145721714534994
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24829268&dopt=Abstract
http://dx.doi.org/10.1016/j.midw.2017.12.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29329023&dopt=Abstract
https://europepmc.org/abstract/MED/25361643
http://dx.doi.org/10.1177/1932296814556506
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25361643&dopt=Abstract
http://dx.doi.org/10.1016/j.ajog.2018.01.044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29425836&dopt=Abstract
http://dx.doi.org/10.1007/s40618-018-0975-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30406378&dopt=Abstract
https://mhealth.jmir.org/2018/3/e71/
http://dx.doi.org/10.2196/mhealth.9512
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29559428&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/0300060518809872?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
https://journals.sagepub.com/doi/10.1177/0300060518809872?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/0300060518809872
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30442052&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=31719080
http://dx.doi.org/10.1136/bmjopen-2019-030884
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31719080&dopt=Abstract
https://europepmc.org/abstract/MED/33184151
http://dx.doi.org/10.2337/dc20-1216
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33184151&dopt=Abstract
https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/s12884-021-04274-7
http://dx.doi.org/10.1186/s12884-021-04274-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34865645&dopt=Abstract
https://diabetes.jmir.org/2022/4/e38910/
http://dx.doi.org/10.2196/38910
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36409549&dopt=Abstract
https://www.jmir.org/2010/1/e4/
http://dx.doi.org/10.2196/jmir.1376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20164043&dopt=Abstract
http://dx.doi.org/10.1146/annurev.publhealth.012809.103604
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20070207&dopt=Abstract
https://europepmc.org/abstract/MED/24332469
http://dx.doi.org/10.1016/j.jdiacomp.2013.07.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24332469&dopt=Abstract
https://ojphi.jmir.org/2014/3/229/
http://dx.doi.org/10.5210/ojphi.v5i3.4814
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24683442&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


75. Williams PL, Webb C. The Delphi technique: a methodological discussion. J Adv Nurs. Jan 1994;19(1):180-186. [doi:
10.1111/j.1365-2648.1994.tb01066.x] [Medline: 8138622]

76. Collins LM, Murphy SA, Strecher V. The multiphase optimization strategy (MOST) and the sequential multiple assignment
randomized trial (SMART): new methods for more potent eHealth interventions. Am J Prev Med. May 2007;32(5
Suppl):S112-S118. [FREE Full text] [doi: 10.1016/j.amepre.2007.01.022] [Medline: 17466815]

77. Michie S, van Stralen MM, West R. The behaviour change wheel: a new method for characterising and designing behaviour
change interventions. Implement Sci. Apr 23, 2011;6:42. [FREE Full text] [doi: 10.1186/1748-5908-6-42] [Medline:
21513547]

78. Lewis ZH, Swartz MC, Lyons EJ. What's the point?: a review of reward systems implemented in gamification interventions.
Games Health J. Apr 2016;5(2):93-99. [doi: 10.1089/g4h.2015.0078] [Medline: 26812253]

79. Johnson D, Deterding S, Kuhn K, Staneva A, Stoyanov S, Hides L. Gamification for health and wellbeing: a systematic
review of the literature. Internet Interv. Nov 2016;6:89-106. [FREE Full text] [doi: 10.1016/j.invent.2016.10.002] [Medline:
30135818]

80. Looyestyn J, Kernot J, Boshoff K, Ryan J, Edney S, Maher C. Does gamification increase engagement with online programs?
A systematic review. PLoS One. 2017;12(3):e0173403. [FREE Full text] [doi: 10.1371/journal.pone.0173403] [Medline:
28362821]

81. Oakley-Girvan I, Yunis R, Longmire M, Ouillon JS. What works best to engage participants in mobile app interventions
and e-Health: a scoping review. Telemed J E Health. Jun 2022;28(6):768-780. [FREE Full text] [doi: 10.1089/tmj.2021.0176]
[Medline: 34637651]

82. Bidargaddi N, Almirall D, Murphy S, Nahum-Shani I, Kovalcik M, Pituch T, et al. To prompt or not to prompt? A
microrandomized trial of time-varying push notifications to increase proximal engagement with a mobile health app. JMIR
Mhealth Uhealth. Nov 29, 2018;6(11):e10123. [FREE Full text] [doi: 10.2196/10123] [Medline: 30497999]

83. Kaihara T, Intan-Goey V, Scherrenberg M, Falter M, Frederix I, Akashi Y, et al. Impact of gamification on glycaemic
control among patients with type 2 diabetes mellitus: a systematic review and meta-analysis of randomized controlled trials.
Eur Heart J Open. Nov 2021;1(3):oeab030. [FREE Full text] [doi: 10.1093/ehjopen/oeab030] [Medline: 35919887]

84. Hou C, Carter B, Hewitt J, Francisa T, Mayor S. Do mobile phone applications improve glycemic control (HbA1c) in the
self-management of diabetes? A systematic review, meta-analysis, and GRADE of 14 randomized trials. Diabetes Care.
Nov 2016;39(11):2089-2095. [doi: 10.2337/dc16-0346] [Medline: 27926892]

85. MacPherson MM, Merry KJ, Locke SR, Jung ME. Effects of mobile health prompts on self-monitoring and exercise
behaviors following a diabetes prevention program: secondary analysis from a randomized controlled trial. JMIR Mhealth
Uhealth. Sep 05, 2019;7(9):e12956. [FREE Full text] [doi: 10.2196/12956] [Medline: 31489842]

Abbreviations
BCT: behavior change technique
GDM: gestational diabetes mellitus
GDM-DH: Garbhakalin Diabetes athawa Madhumeha—Dhulikhel Hospital
GWG: gestational weight gain
HIPAA: Health Insurance Portability and Accountability Act
KII: key informant interview
mHealth: mobile health
MVP: minimum viable product
PEN: Package of Essential Noncommunicable
SCT: social cognitive theory
T2D: type 2 diabetes

Edited by A Mavragani; submitted 14.09.23; peer-reviewed by S Locke, L Garnweidner-Holme; comments to author 19.10.23; revised
version received 11.12.23; accepted 14.12.23; published 17.01.24

Please cite as:
Shanmugavel A, Shakya PR, Shrestha A, Nepal J, Shrestha A, Daneault JF, Rawal S
Designing and Developing a Mobile App for Management and Treatment of Gestational Diabetes in Nepal: User-Centered Design
Study
JMIR Form Res 2024;8:e50823
URL: https://formative.jmir.org/2024/1/e50823
doi: 10.2196/50823
PMID: 38231562

JMIR Form Res 2024 | vol. 8 | e50823 | p. 16https://formative.jmir.org/2024/1/e50823
(page number not for citation purposes)

Shanmugavel et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1111/j.1365-2648.1994.tb01066.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8138622&dopt=Abstract
https://europepmc.org/abstract/MED/17466815
http://dx.doi.org/10.1016/j.amepre.2007.01.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17466815&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/1748-5908-6-42
http://dx.doi.org/10.1186/1748-5908-6-42
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21513547&dopt=Abstract
http://dx.doi.org/10.1089/g4h.2015.0078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26812253&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2214-7829(16)30038-0
http://dx.doi.org/10.1016/j.invent.2016.10.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30135818&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0173403
http://dx.doi.org/10.1371/journal.pone.0173403
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28362821&dopt=Abstract
https://europepmc.org/abstract/MED/34637651
http://dx.doi.org/10.1089/tmj.2021.0176
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34637651&dopt=Abstract
https://mhealth.jmir.org/2018/11/e10123/
http://dx.doi.org/10.2196/10123
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30497999&dopt=Abstract
https://europepmc.org/abstract/MED/35919887
http://dx.doi.org/10.1093/ehjopen/oeab030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35919887&dopt=Abstract
http://dx.doi.org/10.2337/dc16-0346
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27926892&dopt=Abstract
https://mhealth.jmir.org/2019/9/e12956/
http://dx.doi.org/10.2196/12956
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31489842&dopt=Abstract
https://formative.jmir.org/2024/1/e50823
http://dx.doi.org/10.2196/50823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38231562&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


©Aarthi Shanmugavel, Prabin Raj Shakya, Archana Shrestha, Jyoti Nepal, Abha Shrestha, Jean-Francois Daneault, Shristi Rawal.
Originally published in JMIR Formative Research (https://formative.jmir.org), 17.01.2024. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Formative
Research, is properly cited. The complete bibliographic information, a link to the original publication on https://formative.jmir.org,
as well as this copyright and license information must be included.

JMIR Form Res 2024 | vol. 8 | e50823 | p. 17https://formative.jmir.org/2024/1/e50823
(page number not for citation purposes)

Shanmugavel et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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

