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Environmental scan of mobile
apps for promoting sexual and
reproductive health of
adolescents in low- and
middle-income countries

Aneri Patel*, Samantha Louie-Poon', Samar Kauser,
Zohra Lassi* and Salima Meherali'

Child Development, Faculty of Nursing, University of Alberta, Edmonton, AB, Canada

Background: Adolescence is a period of emotional, mental, and physical
change. To increase health seeking behaviors, reduce risky sexual behavior,
and improve sexual and reproductive health (SRH) knowledge, adolescents
require support and access to SRH services. Providing evidence-informed SRH
knowledge to adolescents in low- and middle-income countries (LMICs) can
be a challenge as they face unique barriers such as lack of confidentiality, fear
of refusal, and stigma from cultural norms. Increasing availability of mobile
apps necessitates a comprehensive evaluation of the quality and classification
of these SRH mobile applications so that accurate and evidence-based
information is reaching its users. Failure to provide SRH services can have
damaging effects throughout their development.

Objective: Provide an overview of current adolescent SRH (ASRH) mobile
applications targeting adolescents in LMICs by evaluating their quality and
classifying their characteristics.

Methods: 21 search terms related to ASRH mobile apps was developed. These
terms were searched in the Apple IOS store and Google Play stores. Inclusion
and exclusion criteria were used to screen these apps. Resulting apps were
assessed using the Mobile App Rating Scale (MARS) tool. Data extracted was
used to rank order each app and identify any gaps in quality.

Results: Search strategy yielded 2,165 mobile apps. Of these, only 8 were
assessed using the MARS tool. Functionality subdomain scored highest at 4.6,
while Information scored lowest at 2.5. None of the assessed apps contained
information on the MARS items: Evidence base and Goals. Too Shy to Ask had
the highest individual app mean score of 4.1, while e-SRHR scored lowest
at 2.3.

Conclusions: The goal of this study is to classify and rate the quality
of mobile apps designed to promote ASRH behaviors and knowledge in
LMICs. Numerous apps were reviewed and all of them failed to provide
evidence-based and goal oriented SRH information. Strengths include
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ease of use, navigation, and gestural designs. Weaknesses include evidence
base, goals, willingness to pay, customization, and interactivity. These findings
can be potentially used to guide future app development and educate decision
makers responsible for policy changes.

sex education, adolescents, sexual and reproductive health education, mobile

applications, mHealth

Introduction

Adolescence is a dynamic process where an individual goes
through many physical and psychosocial changes. In this phase,
individuals are transitioning from childhood to adulthood by
going through rapid changes in sexual, emotional, social, and
mental health (1). The World Health Organization (WHO)
defines adolescents as persons between the ages of 10-19
(2). This is a vulnerable time as they must learn to navigate
a variety of obstacles ranging from sexual experimentation,
developing sexual identities, sexual relations, and lack of self-
esteem that may impact their physical, mental, and emotional
health. Furthermore, insufficient knowledge of sexual and
reproductive health (SRH) in adolescents can contribute
to unintended pregnancies, unsafe abortions, and sexually
transmitted infections (STIs) (3). Globally, over seven million
adolescent females unintentionally become pregnant as a result
of poor SRH education (4). While many developed and higher-
income countries have legalized abortion, many developing and
lower-income countries still contain repressive laws on abortion
(5). In fact, of the estimated 20 million global unsafe abortions,
95% of them occur in developing countries (5). A large gap exists
in SRH between higher income and lower-and middle-income
countries (LMICs). For instance, maternal morbidity in Sub-
Saharan Africa is 1 in 13 while in the United States it is 1 in
2000 (6). This substantial difference in higher-income countries
compared to LMICs necessitates greater support for adolescents
in these regions regarding increasing health-seeking behavior,
and accessibility to SRH services and information such as birth
control, STT prevention, and LGBTQ+ information. However,
adolescents in LMIC seeking SRH services and information
often find that their needs are unmet and experience unique
barriers to accessing SRH information and services (7). Some
of these include misconceptions regarding SRH information
due to familial influences such as low parental education and
low family socioeconomic status (8), accessing SRH services
and information is considered a stigma and taboo for young
unmarried people, hesitations surrounding healthcare provider
confidentiality (7) and fear of refusal also exists among many
adolescents as being sexually active at a young, unmarried
age goes against many societal and cultural norms in LMICs
(9). For example, menstruation is greatly neglected in LMICs
as many girls have misconceptions regarding menstruation
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resulting in feelings of unpreparedness, fear, and anxiety (10).
Although adolescents have physically developed bodies, their
growing cognitive and emotional faculties necessitate further
educational support on SRH. Knowledge and safe practices
gained by adolescents from SRH services will support and guide
their health and developmental milestones before they transition
into adulthood. Failing to provide confidential, accessible,
and stigma-free SRH information and services to adolescents
irrespective of country income status can be detrimental to
their current and future relationships, sexual health, and overall
well-being (11).

Increasing production of mobile phones and the availability
of affordable data plans in LMICs are steadily transitioning
these countries more into the digital world (12). This can
be attributed to the increased enthusiasm adolescents display
about new technologies (13). For instance, 70% of South
African adolescents own mobile phones and 6% use Internet
services daily (14). As a result of increasing mobile ownership,
digital tools for promoting adolescent SRH have achieved
many positive results such as increased use of condoms and
awareness of the negative consequences that arise from risky
sexual behaviors (15). Using mobile apps to promote SRH
education and services can be highly effective in overcoming
the barriers that prevent adolescents in LMICs from accessing
health services free from stigma and lack of privacy. Another
appeal of mobile technology as a health promotion tool is
that it can provide accurate, cost-effective, confidential, and
tailored health promotion information to adolescents (9). A
study in Ghana found that mobile health (mHealth) programs
for adolescent girls were effective in increasing SRH knowledge
and parental support despite the cultural barriers present in
the target population (16). Interactive components of mobile
technologies report improved adherence, involvement, and
motivation among adolescents learning safe sex practices (17).
Previous interventions regarding mobile technologies illustrate
that mobile phone applications particularly have great potential
to provide safe, accurate, and high-quality SRH information
and support to adolescents in LMICs (9). Mhealth interventions
contain a broad range of technologies, such as websites, web
applications, and mobile applications to name a few. Unlike
other alternative digital sources, mobile applications allow users
to interact offline and provide a greater sense of security as
apps must first be approved by the app stores before use (18).
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On the other hand, web applications require an active internet
connection to function (19). Mobile application use is thus
more valuable in LMICs as resource constraints often struggle
to provide quality, high-speed internet (20). For these reasons,
only mobile applications were investigated in this study.

With the increase in cell phone accessibility and usage
in LMICs, access to SRH knowledge is easier for adolescents
(21). However, little information is available about the
quality and characteristics of these mobile apps. A systematic
approach is needed to evaluate the quality of adolescents’
SRH mobile apps to ensure that adolescents are receiving the
most accurate information in an accessible manner. Mobile
apps that are culturally conscious and inclusive are more
effective in improving sexual health practices and outcomes
(22). Adolescents need to receive proper evidence-based SRH
information to make informed decisions. Therefore, evaluating
the quality and characteristics of mobile apps developed
for adolescents living in LMICs is imperative to improve
ASRH outcomes.

In this study, a systemic evaluation of the existing SRH
mobile apps developed specifically for the adolescent population
in LMICs will be achieved through an environmental scan
approach. While previous studies have been done to evaluate
the quality of ASRH mobile apps, few have been focused on
LMICs. For instance, a content analysis on comprehensive
sexual education apps focused on teenagers and young adults
in the United States concluded that current apps mostly
contain education on STI and pregnancy prevention rather
than a holistic and comprehensive based education (23).
Content such as anatomy and physiology, pregnancy and
reproduction, personal safety, healthy relationships, identity,
sexual pleasure, STIs and HIV, and communication and
interpersonal skills were analyzed (23). Despite these categories,
app quality and characteristics such as the presence of evidence-
based information, ease of use, and appropriateness for the
target group was not evaluated. Furthermore, this study also
highlights the need for comprehensive SRH for adolescents
in LMICs where reproductive outcomes and socioeconomic
statuses tend to be poorer (23). Another example of a lack
of ASRH in LMICs can be seen in a mobile app named
GirlTalk which was developed by researchers to educate
adolescent girls regarding sexual and reproductive health in the
United States or more specifically Rhode Island (24). Although
this study concluded that Girl Talk is a reliable and accessible
educational tool for adolescent girls to use, there is a need
for such studies to expand to adolescents of all genders in
LMICs (24).

As this
systematically classify and rate the quality of SRH mobile

opposed to previous research, study will
apps for adolescents residing in LMICs. The findings from
the environmental scan will offer information on [1] the
quality and characteristics of mobile apps available to promote

adolescent SRH in LMICs and, [2] areas of improvement for
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the development of future apps, thereby potentially improving
access to SRH information to adolescents in LMICs.

Methods
Study designs

An environmental scan (ES) is used to identify current SRH
mobile applications (hereinafter referred to as “apps”) available
in the IOS App store and Android Play store. Furthermore, the
Mobile Application Rating Scale (MARS) screening assessment
tool is used to perform app quality assessments. Although
environmental scans are commonly used in the business sector,
they are not as well-established in the healthcare services
context (25). A working definition developed by researchers of
an ES scoping review defined environmental scans as a form
of inquiry that collects and synthesizes existing information
from internal or external environments to examine current
landscapes, practices, policies, etc. so that future policies,
models, and structures can be built to improve patient safety,
programs, and overall quality (26). An ES is particularly
advantageous as it allows for information to be gathered from an
environment where evidence-based information surrounding a
specified topic has not been developed yet (27). In comparison
to rapid reviews and other forms of literature reviews, collecting
information for an ES is not restricted to databases containing
peer-reviewed and or grey literature. For this reason, an ES
was the preferred method of research due to the lack of peer-
reviewed and grey literature publications present that assessed
the quality and characteristics of mobile apps currently available.
An ES is also beneficial in that it allows us to systematically
assess internal factors that may be impacting the quality and
characteristics of ASRH mobile apps in LMICs (28). Internal
factors are application quality and its characteristics. Through
assessment of internal derived factors, all data trends that impact
the quality of mobile apps can be used as evidence to educate
decision-makers and guide app developers on improvements
needed for ASRH in LMICs (29). After mobile apps are scanned
from the app stores, the Mobile Application Rating Scale
(MARS) screening assessment tool is used to perform app
quality assessment.

Search strategy

Since our research objective is to assess SRH apps for
adolescents in LMICs, we searched for apps available in the
largest stores in the world: Apple IOS store and Google Play
store. According to the website Statista, the Google Play store
contains the largest number of available apps in the market at
around 3.5 million smartphone applications (30). Apple store is
the second largest app store in the world and contains roughly
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2.2 million apps available to the public (30). As there were
limited to no studies investigating mobile apps for ASRH in
LMICs in peer-reviewed and grey literature, information on
these apps could not be collected from these sources. For this
reason, mobile apps were scanned from the App store and Play
store. To discern whether the mobile apps collected focused on
ASRH in LMICs, a set of inclusion and exclusion criteria were
created to screen the mobile apps. Before searching for the apps,
21 key search terms were created and run through the custom
software individually. This custom python 3-based software was
built using an iTunes App store Scraper and a Play store Scraper,
in which a CSV file of non-personalized search results was
generated. This was used to create an index of applications and
their characteristics. The databases of apps searched were the
Google Play Store and Apple App Store, from both the US and
Canada. The custom software returned the first 50 search results
for each search term, for each of the 4 stores searched, before
removing duplicate results and creating two final lists of apps:
one from the CA and US Play Store, and one from the CA and
US App Store. Apps from these stores were then collected and
categorised based on app title, publisher, description, primary
category, and price. 21 key search terms that were developed and
then searched for in our custom electronic software:

Adolescents

Teenagers

Youth

Sex

Sexuality

Sexual health

Reproductive health

Sexual and reproductive health education

O ® NG

Sexual and reproductive health services
. Pregnancy

—_ =
—_ O

. Contraceptives
. Safe Sex Practices

—
[SUI S

. Sexually transmitted diseases (STDs)

—
o~

. Sexually transmitted infections (STIs)
. Abortion
. Low- and Middle-Income Countries

— =
N oY »

. Developing Countries

—
o]

. Mobile Applications

. E-Health Literacy

. Mobile Health (mHealth)
. Pre-marital sex

NN =
— O \O

Application screening

Our search strategy yielded a total of 1107 results for the App
store and 1060 for the Play store. These results were organized
into a Microsoft Excel 2019 spreadsheet in tabular format and
were screened based on our inclusion and exclusion criteria.
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Microsoft Excel was used given the ability of this software to
permit a systematic screening process in an organized manner.
For an app to be considered, it must meet all inclusion criteria
and exclusion criteria. To assess whether an app met the
criteria, reviewers examined the app name, description, pictures,
and developer name. For example, when discerning if an app
targeted LMIC adolescents, reviewers examined the “About
this App” section for any indications of the name of any
LMICs or words such as “teenager;” “adolescents, and “youth.”
One reviewer screened apps against our a-priori inclusion
and exclusion criteria, which was verified for accuracy and
completeness by a second independent reviewer. Any differences
in app screening were discussed between reviewers until a
consensus was reached.
Five inclusion criteria and four exclusion criteria were:

Inclusion criteria:

. Contains content related to sexual health education
. App’s intended audience is adolescents (age 10-19 years)
. App still exists in the Play/App store when being assessed.

A~ W NN~

. Target to adolescents living in LMICs as defined by
World Bank
5. Compatible for phones available to LMICs

Exclusion criteria:

Did not address any component of sexual health/sexuality
Not in English

Paid

Developed for a specific event such as a conference

L

Before apps can move onto the assessment phase, we ensured
that apps must target the population of interest and contain any
component of sexual health education. Specifically, they target
adolescents living in LMICs so that the desired demographic can
be investigated. In addition to demographic, apps must still exist
in the stores when being assessed so that reviewers can evaluate
them. Lastly, the app must be compatible with phones available
in LMICs so that it can still be used by people in those regions
and reviewers can provide an accurate overview of current
apps available in the market. If an app did not address any
component of sexual and reproductive health, it was excluded
from the study to maintain objectivity. Apps that did not contain
content available in English did not proceed into the assessment
phase since the research team’s primary language is English and
thus cannot conduct assessments unless the content is readable.
In addition to language, paid apps were also excluded, This
was done to accommodate lower- and middle-income status
of users and to also search for accessible and cost-effective
resources. Lastly, apps that were developed for a specific event
or conference were also excluded as they are found to be non-
functioning outside of event purposes and thus unusable by the
adolescent population.
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'g Apps Identified through Apps Identified through
I Apple IOS Store Search Google Play Store Search
E (n=1761) (n=2700)
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S
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&3 (n=2165) Reasons
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=
z
5 Apps Meeting Inclusion and Apps Revised and
é" Exclusion Criteria —> Excluded

(n=28) (n=10)
— Reasons for Exclusion:
*  Unable to Log-in
3 * Could not find
T * Not in English
3 Apps Included in MARS *  App does not open
- Assessment *  Does not meet
(n=8) Inclusion criteria
FIGURE 1
Cumulative scores for each app’s MARS subdomain.

After screening, the included apps are analyzed using the
MARS. Data extracted from the MARS was then converted to a
graph (Figures 1, 2). Lastly, we evaluated for app quality and any
areas of improvement by comparing item mean scores to each
SRH app specific to adolescents in LMICs.

MARS quality assessment

The MARS is a validated tool used to evaluate the quality of
mobile health applications (31). It is a simple and reliable tool
that not only classifies and assesses the quality of mobile health
apps but also can be used to provide evidence to app developers
on creating new higher quality apps (31). Furthermore, a 2020
study found that the MARS tool has good to excellent reliability
and objectivity (32). The MARS has a high level of interrater
reliability that is ensured by using multiple raters who have been
either trained or developed a shared understanding of the target
group of apps (31). In this study, two reviewers were trained
on how to use the MARS and assess apps. When ambiguity
arose, both reviewers clarified the meaning of MARS items and
reviewed until a consensus was reached. This approach was done
rather than averaging the scores of both reviewers to maintain
a high level of interrater reliability. Objectivity was ensured by
excluding the subjective quality subscale from the overall mean
app quality score (31). Due to its high interrater reliability and
objectivity along with its simple and multidimensional uses, the
MARS tool was used to assess the quality of mobile apps in
this study.

The MARS tool consists of five subscales: engagement,
functionality, aesthetics, information, and subjective quality.
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Within each subscale are three to seven items. For instance,
the functionality subscale contains three items: layout, graphics,
and visual appearance. Layout item examines whether the
app’s arrangement and size of buttons, icons, and content are
appropriate and zoomable if needed. The second item, graphics,
asks how high the quality or resolution of the buttons, icons, and
content are. Lastly, visual appearance examines the quality of
appearance of the app, and how memorable or poorly designed
the smartphone application is. Each item consists of a scale of
one to five. Reviewers will assign each item a score from this
scale and then later assign a consensus score. These scores are
then averaged so that each app can be ranked and compared in
terms of app quality (31).

Data extraction

To analyze apps using the MARS scores, data must first
be extracted. We used the MARS scale, a scale-based expert
assessment tool, to characterize smartphone applications. Using
Excel, we categorized our included apps in a tabular format and
two reviewers (AP, SK) independently scored each app to collect
our data. To assess each app using the MARS tool, two reviewers
(AP, SK) installed each approved Apple IOS app and Android
Play store app onto their respective devices. Once installed,
reviewers created an account for the apps so that content could
be accessed. Then, reviewers spent 10 mins interacting with
each app before using the MARS scale to calculate item scores.
Reviewers first filled in descriptive and technical information
about the app. They then proceeded to app quality rating.
Reviewers start with the engagement subscale, for each item —
entertainment, interest, customization, interactivity, and target
group - and assigned a score out of five. The same was done for
the rest of the subscales (functionality, aesthetic, information,
and subjective quality) and items. When reviewers began rating
the information subscale, published literature was searched to
examine whether apps had been trialed or tested. Apps that had
not been tested at all were assigned a score of zero rather than
N/A so that results could be quantified and converted to a graph.
Data were extracted using this method for each of the 8 included
apps. In the end, a consensus score was agreed upon by the
two reviewers (AP, SK) and a final item score was assigned to
maintain the MARS level of high interrater reliability.

Analysis

After extracting the data, we used descriptive statistics to
analyze our data. We calculated the scores for each subscale item
and then averaged the items to achieve a mean subscale score.
These scores were then converted to a score out of five using
a 5-point Likert-type scale, thus creating a total or overall app
quality score out of 5 A score out of 5 is established so that it can
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Engagement

4.5

Subjective score

App mean score

Information

FIGURE 2
MARS mean item scores for each app.

Aesthetics

e TeenAge Health Guide

e Khulduli

Functionality
Youth & Adolescent Health Africa App

(YAHA)

Teenline - A CINI Initiative
e T00 Shy to Ask
e -SRHR

e\ Ahealth

— [tem mean score

be easily interpreted like the overall star ratings found in app
descriptions. This was done because there is a high correlation
between the MARS quality total score and its overall star rating
therefore indicating that the overall MARS quality scores can
capture the perceived overall quality described by the star rating
(31). Another reason this process was done is because the MARS
score and its subscale scores consist of high interrater reliability
and internal consistency (31). To ensure objectivity, we excluded
the subjective quality score from the total MARS mean scores.
This is because the subjective nature of the app can decrease the
objectivity of the MARS total score (31).

Using the MARS mean total scores, subscale scores, and item
scores, we were able to rank order each app. MARS mean scores
describe the overall quality of the app while the subscale and
item scores describe the app’s specific strengths and weaknesses
(31). Therefore, these scores were used to identify any gaps in
app quality and any areas of improvement.

Results
Screening findings

Our search strategy retrieved a total of 1,059 mobile
applications for the Apple IOS store and 1,106 mobile
applications for the Google play store. From the Apple store,
702 applications were duplicated and removed. While 1,594
applications from the Play store searches were duplicates
and removed. Out of the remaining applications, 28 total

Frontiersin Public Health

applications were reviewed against the a-priori inclusion criteria,
20 applications were revised and excluded on this initial
screening and 8 moved forward to the MARS assessment. Of
the 28 mobile apps, all 6 mobile apps found in the Apple store
were revised and excluded from the MARS assessment while
only 14 of the 22 Play store apps were revised and excluded. The
final 8 apps assessed using the MARS were all from the Google
Play store.

Common reasons for the exclusion of 20 apps during the
screening include reviewers unable to log in to the app, the app
no longer available on the App store or play store, app content
did not contain English, and the app no longer met inclusion
criteria. For example, Too Shy to Ask, was available on both the
Apple and Google platforms. However, it is important to note
that this app could not be found in the Apple IOS store when
searching for it in the search bar. One of the apps did not target
adolescents living in LMICs and another required payment to
access SRH content and resources.

After screening, apps that were included in the MARS
assessment are: Digital Platform for Adolescent Health, TeenAge
Health Guide, Khulduli, Youth and Adolescent Health Africa
App (YAHA), Teenline - A CINI Initiative, Too Shy to
Ask, e-SRHR, and YAhealth. These apps were then classified
based on platform, focus, theoretical background, affiliations,
age group, technical aspects, and region of development. All
these eight apps functioned on the Android platform only.
Content found in the apps mainly focused on topics such as
alcohol/substance use, anxiety/stress, depression, and physical
health. There were two apps, e-SRHR and YA health which
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incorporated information on relationship issues. Whereas,
another two, Digital Platform for Adolescents and Too Shy to
Ask, included content on behavior changes. The MARS also
asks reviewers to classify apps based on theoretical background
or strategies developers incorporated in the apps. All eight
apps provided some form of advice/tips/strategies or skills
training to adolescents. They also offered forms of ASRH
information or education in their apps. Some apps, Digital
Platform for Adolescents, Too Shy to Ask, and Khulduli
provided feedback. For instance, both apps contained SRH
content quizzes in which the user can receive feedback on
if they answered correctly or incorrectly. Lastly, two apps,
Khulduli and YAhealth, allowed monitoring and tracking. More
specifically, both apps allowed users to track their menstruation
cycle. In addition to background, apps were also classified based
on affiliation. Digital Platform for Adolescents, Khulduli, and
YAhealth were affiliated with government programs. Teenline
- A CINI Initiative and Too Shy to Ask were developed in
collaboration with the NGOs. Lastly, TeenAge Health guide was
developed by a university, Lady Hardinge Medical College. Of
the eight apps, TeenAge Health Guide targeted both adolescents
and the general population. While, Too Shy to Ask targeted
adolescents, young adults, and adults as well. The rest of the six
apps only focused on adolescent and young adult populations.
With regards to technical aspects, two out of eight of the apps,
TeenAge Health Guide and e-SRHR, could not be assessed as
either contained features found in the 6 categories described
in the MARS. Three out of the eight apps, Digital Platform for
Adolescents, Youth & Adolescent Health Africa app, and Too
Shy to Ask, featured an app community in which adolescents
can ask and respond to others’ questions or comments. Two of
the apps, Youth & Adolescent Health Africa App and Khulduli,
required web access required to access additional functions
of the apps. One app, Too Shy to Ask, provided password
protection upon entering the app and also required login feature
to access app contents. In terms of region of development, Youth
& Adolescent Health Africa App (YAHA) and e-SRHR were
developed in Uganda. Furthermore, TeenAge Health Guide and
Teenline - A CINT Initiative was developed in India. In addition
to Uganda and India, the app Khulduli was developed in Nepal.
An LMIC that developed the Digital Platform for Adolescents
is Bangladesh. Lastly, it is unknown what country is responsible
for developing apps Too Shy to Ask and YA health.

Study findings

Results of MARS subdomains and items, and
app-related strengths and weaknesses

The 8 included mobile applications have an overall mean
app quality score of 3.3/5. These apps scored highest in the
functionality subdomain with a mean score of 4.6. Whereas,
information scored lowest as part of the overall mean app
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quality, at 2.5. Overall subjective quality score rated low at 2.4.
The rest of the subdomain mean scores are summarized below
in Table 1.

MARS subdomains

As seen in Figure 3, the individual app means scores range
from 2.26/5 to 4.05/5. From highest to lowest the apps score:
Too Shy to Ask (4.1/ 5), Youth and Adolescent Health Africa
App (YAHA) (3.8 /5), YAhealth (3.6 /5), Khulduli (3.0 /5),
TeenAge Health Guide (3.2/ 5), Teenline - A CINI Initiative
(2.9/ 5), e-SRHR (2.3/ 5). Too Shy to Ask scored highest in
the Functionality and Aesthetics at 5/5, and Engagement, at
4.4/ 5, subdomains. However, for the Information subdomain,
YAhealth and Youth & Adolescent Health Africa App (YAHA)
score highest at a tied score of 3/ 5.

Apps strengths

The eight mobile apps assessed using the MARS tool
highlighted that the apps scored highest for ease of use,
navigation, and gestural design (Figure1). Ease of use
describes, “How easy is it to learn how to use the app;
how clear are the menu labels/icons and instructions?”
While, navigation inquires, “Is moving between screens
logical/accurate/appropriate/ uninterrupted; are all necessary
screen links present?” Gestural design, “Are interactions (taps/
swipes/ pinches/ scrolls) consistent and intuitive across all
components/screens?” scored high. Following gestural design,
performance scored next. These results suggest that mobile
developers and researchers have ensured adequate functionality
of the apps and should continue to include them in future
app development.

Other mean items that scored adequately are layout,
graphics, and visual appeal of the aesthetics subdomain.
Layout asks reviewers if the “arrangement and size of
buttons/icons/menus/content on the screen is appropriate or
zoomable if needed?” The mean item score of graphics is
slightly lower than the layout and it investigates the quality of
graphics and visual design used within the app. Visual appeal
scored slightly lower than graphics. This MARS item describes
the level of attractiveness and appeal of the app through
graphics and colour to enhance app features. These findings
highlight that aesthetics, second priority to functionality, was
satisfactorily developed by researchers when designing apps
targeted to adolescents.

Lastly, the MARS item, accuracy, of the information
subdomain scored adequately as well. This item examines
whether the app description matches what is displayed within
the app. This data implies that developers were somewhat
transparent with their users as many of the apps contained
all or most of the functions/components described in the app
store description.
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TABLE 1 MARS subdomain scores and overall app quality scores.

10.3389/fpubh.2022.993795

App name Engagement Functionality Aesthetics Information Subjective App quality

mean score mean score mean score mean score quallty mean score
score

Digital platform for 4 4.5 2.67 2.57 3.25 3.40

adolescents

Teen age health 2 4.5 4.67 2.71 2 3.21

guide

Khulduli 3.2 4.75 4 2.71 3 3.47

Youth & adolescent 4 4.25 5 3 2 3.84

health Africa

(YAHA)

Teenline - A CINI 2.4 5 4 1.71 2.25 2.95

initiative

Too shy to ask 4.4 5 5 2.85 3.5 4.05

e-SRHR 1.6 4.25 2.67 1.43 1.25 2.26

YAhealth 34 4.75 4 3 2.75 3.63

45

MARS Item Scores

FIGURE 3
PRISMA diagram of the app screening process.

MARS Item

W TeenAge Health Guide  ®m Khulduli m Youth & Adolescent Health Africa App (YAHA) ® Teenline - A CIN| Initiative WTooShytoAsk ®We-SRHR  MYAhealth W Item mean score

Apps weaknesses

Our study identified two major gaps in the MARS item
scores (Figure 1). The first gap was the goal item score. This item
asked the question, “Does the app have specific, measurable, and
achievable goals (specified in the app store description or within
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the app itself)?” For all eight apps, the score for goals was zero.
The second gap was the evidence base. This MARS item score
was also zero for all apps. Evidence base asks whether or not the
app has been tested and contains verifiable evidence published
in scientific literature. Before rating the information subdomain,
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reviewers carried out a literature search in which no results
appeared. Hence, a score of zero was assigned to all apps. These
gaps highlight the need for researchers to incorporate goals and a
strong evidence base for the future development of SRH mobile
apps to meet the needs of its users better.

In addition to goals and evidence base, there was a significant
decrease in scores for the following items: willingness to pay,
interactivity, and customization. Willingness to pay scored the
least among the three, and it entails whether the user would
pay for this app or not. Interactivity, “Does it allow user
input, provide feedback, contain prompts (reminders, sharing
options, notifications, etc.)? Note: these functions need to be
customizable and not overwhelming in order to be perfect,
scored slightly above willingness to pay. Customization scores
slightly above interactivity and it asks, “Does it provide/retain
all necessary settings/preferences for app features (e.g., sound,
content, notifications, etc.)?” These results suggest that following
evidence base and goals, researchers should then consider
willingness to pay and focus on strengthening customization and
interactivity so that their target audience can be more engaged.

Discussion

This environmental scan synthesized all existing SRH
mobile apps targeted to adolescents in LMICs and evaluated
their quality and characteristics using the MARS tool. Despite
the growing development of mobile apps, little research has
been done on evaluating SRH apps targeted to adolescents
in LMICs. This environmental scan aims to fill that gap
and provide a comprehensive overview and assess the
characteristics and quality of these ASRH apps for those living
in LMICs. The findings from our environmental scan add
to the issue of whether mhealth interventions can provide
accessible and evidence-based knowledge to adolescents
living in LMICs. The increasing availability of mobile phones
presents exciting opportunities in overcoming barriers faced
by adolescents in developing countries (9). These obstacles
include confidentiality, access to cost-free services, accessibility
to stigma-free education, and restrictive SRH laws to name a
few (7, 9).

Despite the eight apps included in this review, there remain
few apps developed specifically for SRH needs of adolescents
in LMICs. The lack of effective ASRH apps necessitates further
app development since many common avenues of providing
comprehensive SRH education have been ineffective against the
barriers found in LMICs (33). Political and social factors can
also heavily influence prioritization of ASRH services in LMICs,
despite the economic and scientific evidence provided (34). In
terms of social elements, school-based programs were found
to be the most common approach for SRH education in Sub-
Saharan Africa, however, their effectiveness is yet to be evaluated
(35). Furthermore, community-based programs focused on HIV
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prevention rather than providing comprehensive SRH education
to adolescents due to ideological and financial restrictions
in developing countries (33). Another avenue for receiving
ASRH education in LMICs is through parents (33). However,
researchers noted that many parents were not taught SRH
education themselves or felt discomfort thereby impeding their
ability to guide their children (33). Furthermore, many LMICs
have differing cultures, social attitudes, and policies regarding
ASRH. For example, community members in rural Kenya
perceive adolescents carrying condoms as deviant and should be
subjected to punishments such as beatings (36). In fact, Western
Kenya contains education policies that sanctions adolescents
found to be carrying condoms in school (36). In terms of
politics, the majority of restrictive abortion laws are found
in LMICs (37). Moreover, many LMICs that still contain a
low legal age of marriage for girls which can potentially lead
to increased adolescent pregnancies and maternal death (38).
To deal with these barriers, government commitments and
mobile phone technologies can potentially lead to positive
results (34, 39). In a report describing political commitments
that can improve ASRH, researchers report that a government’s
commitment to integrating adolescent-friendly services into
public health policy, such as HIV/AIDs prevention programs,
has had positive outcomes on progressing ASRH and making
it a national concern (34). Mobile phone technologies, such as
apps, can be particularly valuable for adolescents in LMICs as
information regarding contraception can be provided discretely
and conveniently (39). These studies highlight the need for
comprehensive ASRH education that is not only free from
consequences but is also tailored to the needs of adolescents
in these specific social and cultural contexts. Even in the eight
apps that have been developed for these purposes and within
the LMICs context, our review highlights that more work is
needed in the development of apps that are useful and usable
for this population.

Our study identified eight SRH mobile apps developed
for adolescents in LMICs that were scored using the MARS
scale. Although the MARS scale does not test for cultural
context suitability, reviewers noted that some apps did
include specific information relating to the app’s origin of
development. For instance, Too Shy to Ask was developed by
the WE foundation and India’s Metropolis Health solutions and
contained information on the legal rights of Indian women and
case studies examining Indian adolescents. Furthermore, this
information was available not only in English but also in Hindj,
the language of the origin of development.

The MARS tool showed us that all apps had the highest
scores in the Functionality subscale (4.6) and lowest scores in
the Information (2.5) and Subjective Quality (2.4) subscales. A
higher rating for functionality demonstrates that app developers
prioritized performance, ease of use, navigation, and gestural
design over other items such as those found in the information
and subjective quality subdomains. Despite a high scoring
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of items found within the functionality subscale, there exist
two major items from the information domain in need of
development: evidence base and goals.

Although mHealth interventions can provide low-cost
services, they often lack delivering evidence-based information
(40). This was evident in our study, where there is a sharp drop
to zero for evidence base (see Figure 1). This finding is consistent
with other studies since many users have expressed scepticism
and are reluctant to rely on mHealth tools because of their
lack of credibility and validity (40). Adolescents specifically have
expressed concern over the accuracy of health-related content
found online and are reported to be drawn to information
from reliable sources such as healthcare professionals or
experts (41). These findings suggest that researchers should
highly consider prioritizing evidence-based information when
developing mobile apps for adolescents.

In addition to evidence, goals were also significantly absent
across all apps. Literature reveals that setting specific and
attainable goals can improve adolescent cognitive and social
development (42). The process of goal setting itself builds self-
regulation as it requires individuals to identify a goal, take
necessary steps, monitor their performance, and evaluate and
adjust their strategies (43). Researchers of previous studies
have reported that participants found goal setting and goal
attainment features as necessary motivational factors that should
be included in mobile apps (44). Furthermore, they described
goal setting as an important contributor to maintaining self-
discipline, gradually changing their behaviors, and allowing
them to monitor their progress and receive real-time feedback
(45). By empowering adolescents to set goals via mobile apps,
developers can create higher quality apps.

Researchers should also focus their attention on interactivity
and customization when developing apps for ASRH purposes
in LMICs. The MARS tool has shown that interactivity and
customization items are significantly lacking in mobile apps
(Figure 1). Interactivity is an essential component of app
development as they not only increase user commitment and
learning but also brings about a sense of belonging to the users
(46). Previous research on mobile apps for adolescents reported
that interactive components of an app improved adherence,
involvement, and motivation (17). Another weakness found
in many apps is customization. This component allows users
to feel autonomous and thus more engaged with their health
(47). In many LMICs, adolescents face numerous barriers in
accessing SRH information and may potentially feel a lack of
control over their health. A study on perceptions of ASRH and
rights reported that adolescents lack the autonomy to access
SRH information and services due to the taboo and stigma
associated with this subject (48). By strengthening customization
and interactivity features within mobile apps, researchers can
design more effective apps for adolescents in LMICs.

A probable reason for a low willingness to pay score is
because of low ratings found in other items across the MARS
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scale. An improvement in customization, interactivity, evidence
base information and goal-setting features can positively
influence user willingness to pay for these ASRH apps.
Based on our findings, we suggest program developers and
researchers strive to implement evidence base and goal-setting
components and strengthen customization and interactivity
components when developing future mobile app interventions
for ASRH purposes.

Limitations and future research

Although the MARS tool has high interrater reliability,
reviewer differences in education and culture can impact the
scores given. This is because differences in opinions and how
different cultures might teach ASRH education can influence
the reviewer’s subjective quality scores. Therefore, the findings
should be interpreted considering several limitations.

Before rating mobile apps using the MARS, reviewers spent
10min engaging with each app. This short duration gives
rise to potential errors in interpreting app information or
unintentionally excluding content necessary for rating apps.
Moreover, having two reviewers assess the same apps regardless
of needing a consensus score, can also lead to potential
exclusions and mistakes.

Since app analysis is done from a Canadian adult
perspective, the research team’s positionality vs. the culture
of the populations that these apps are meant to serve can
potentially result in a higher score. In particular, all members
of the research team have multiple post-secondary degrees
and are residents of a higher-income country, Canada. This
can influence the subjective quality subscale as researchers
are living in an environment with greater resources, and thus
may expect higher standards. For example, the ease-of-use
MARS item asks reviewers how easy it is to learn to use
the app. When exposed to more resources in higher-income
countries, researchers may have a greater technology literacy
and competency that may result in higher-than-normal scores
rated. For a more accurate evaluation of ASRH apps for LMICs,
consultation with researchers residing in these areas should
be undertaken.

A unique feature found in many ASRH mobile apps was the
clinic or nearby services’ locative information. App reviewers
were unable to evaluate this feature as it was unavailable in their
region. If this app were evaluated in the region the app is meant
to serve, a higher score may be awarded.

Furthermore, we did not include apps in languages other
than English in our study due to feasibility reasons. This may
have limited the number of apps included in this review given
that many LMICs have a primary language other than English. In
addition to languages, paid apps were excluded from our paper.
As our target population is adolescents from countries of lower-
and middle-income, many may be unwilling or unable to spend
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money on apps. For this reason, we chose to exclude paid apps.
A potential limitation of excluding paid apps is the exclusion
of higher quality apps that target adolescents in LMICs from
this study.

Additionally, we cannot assess connectivity and internet
quality in the regions where these apps are being accessed. We
hope that most of the apps’ content can be accessed without the
need for a high-speed or quality internet connection. However,
we did not include this in our inclusion-exclusion criteria
as this was difficult to screen for. This issue can potentially
impact whether app information and services reach the
end user.

Lastly, as this study is providing an overview of the
quality and characteristics of SRH mobile apps designed
for adolescents in LMICs, it is important to consider
whether cultural context suitability is included within the
apps. However, the MARS tool is not designed to assess
whether apps contain culturally acceptable information.
Moreover, the closest information relating to culture the
MARS collects is information on who the app developer is
and whether the quality of information is accurate, clearly
communicated, and relevant to the topic of the app (31).
Further assessment is necessary to evaluate accurate and
culturally acceptable information on the effectiveness and
usability of mobile apps.

As digital health tools are rapidly updating, further
investigation is needed to analyse the efficacy and usability
of these apps. Ultimately, additional research is necessary to
understand the differences in the teaching of ASRH among
different cultures to appropriately evaluate these mobile apps
for LMICs.

Conclusion

Mobile health interventions in the form of apps have
immense potential in providing accessible, confidential, and
stigma-free SRH services and information to adolescents in
LMICs. Despite many apps available claiming to provide
these services, very few contain evidence-based and goal-
setting ASRH This
thoroughly classifies and rates the quality of current SRH

information. environmental scan

mobile applications targeted toward adolescents in LMICs,

References

1. Ozdemir A, Utkualp N, Pallos A. Physical and psychosocial effects of the
changes in adolescence period. Int ] Caring Sci. (2016) 9:717-23.

2. World Health Organization. Adolescent Health. World Health Organization.
Available online at: https://www.who.int/health-topics/adolescent-health#tab=
tab_1

3. Woog V, Kagesten A. The sexual and reproductive health needs of very
young adolescents aged 10-14 in developing countries: What does the evidence
show? New York (2017). Available online at: https://www.guttmacher.org/report/

Frontiersin Public Health

11

10.3389/fpubh.2022.993795

their strengths and weaknesses, and suggestions for future
app development.

Data availability statement

The original contributions presented in the study are
included in the article/supplementary material, further inquiries
can be directed to the corresponding author/s.

Author contributions

Initial conception and design: SM. App screening, data
analysis, literature search, and manuscript writing: AP. Data
extraction: AP, SK, and SL-P. Manuscript revisions: SL-P and
SM. Manuscript feedback: ZL. All authors contributed to the
article and approved the submitted version.

Acknowledgments

I would like to express my gratitude for my supervisor SM
for allowing me onto this project and SL-P for her support
and guidance throughout this entire project. Thank you also to
James Benoit for for all your help in searching for the apps and
converting them to graphs.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

srh-needs-very-young-adolescents-in- developing- countries (accessed January 14,
2022).

4. World Health Organization. Early marriages, adolescent and young
pregnancies: report by the Secretariat. (2012). Available online at: https://
apps.who.int/iris/bitstream/handle/10665/78901/A65_13-en.pdf?sequence=1&
isAllowed=y (accessed September 20, 2022).

5. Dickens BM. Interactions of law and ethics affecting reproductive choice. Med
Law. (2005) 24:549-60.

frontiersin.org


https://doi.org/10.3389/fpubh.2022.993795
https://www.who.int/health-topics/adolescent-health#tab=tab_1
https://www.who.int/health-topics/adolescent-health#tab=tab_1
https://www.guttmacher.org/report/srh-needs-very-young-adolescents-in-developing-countries
https://www.guttmacher.org/report/srh-needs-very-young-adolescents-in-developing-countries
https://apps.who.int/iris/bitstream/handle/10665/78901/A65_13-en.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/78901/A65_13-en.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/78901/A65_13-en.pdf?sequence=1&isAllowed=y
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Patel et al.

6. Pillai VK, Maleku A. Reproductive health and social development in
developing countries: changes and interrelationships. Br J Soc Work. (2015)
45:842-60. doi: 10.1093/bjsw/bct168

7. Newton-Levinson A, Leichliter ]S, Chandra-Mouli V. Sexually
transmitted infection services for adolescents and youth in low- and
middle-income countries: perceived and experienced barriers to accessing
care. ] Adolesc Health. (2016) 59:7-16. doi: 10.1016/j.jadohealth.2016.
03.014

8. Mmari K, Sabherwal S. A review of risk and protective factors
for adolescent sexual and reproductive health in developing countries: an
update. J Adolesc Health. (2013) 53:562-72. doi: 10.1016/j.jadohealth.2013.
07.018

9. Feroz AS, Ali NA, Khoja A, Asad A, Saleem S. Using mobile phones
to improve young people sexual and reproductive health in low and middle-
income countries: a systematic review to identify barriers, facilitators, and range
of mHealth solutions. Reprod Health. (2021) 18:9. doi: 10.1186/s12978-020-0
1059-7

10. Venkatraman CM, Patel SV. Mapping the knowledge and understanding
of menarche, menstrual hygiene and menstrual health among adolescent
girls in low- and middle-income countries. Reprod Health. (2017)
14:6. doi: 10.1186/512978-017-0293-6

11. Ballonoff Suleiman A, Johnson M, Shirtcliff EA, Galvin A. School-
based sex education and neuroscience: what we know about sex, romance,
marriage, and adolescent brain development. ] Sch Health. (2015) 85:567—
74. doi: 10.1111/josh.12285

12. Nuwamanya E, Nalwanga R, Nuwasiima A, Babigumira JU, Asiimwe
FT, Babigumira JB, et al. Effectiveness of a mobile phone application to
increase access to sexual and reproductive health information, goods, and
services among university students in Uganda: a randomized controlled
trial. Contracept Reprod Med. (2020) 5:1-31. doi: 10.1186/540834-020-0
0134-5

13. Cornelius JB, St. Lawrence JS, Howard JC, Shah D, Poka A, McDonald D,
et al. Adolescents’ perceptions of a mobile cell phone text messaging-enhanced
intervention and development of a mobile cell phone-based HIV prevention
intervention. J Spec Pediatr Nurs. (2011) 17:61-9. doi: 10.1111/j.1744-6155.2011.0
0308.x

14. Kaiser Family Foundation. Young South Africans, Broadcast Media, and
HIV/AIDS Awareness: Results of a National Survey. Henry J. Kaiser Family
Foundation & South Africa Broadcasting Company (2007). Available online at:
https://www.kff.org/wp-content/uploads/2013/01/7614.pdf (accessed September
30, 2022).

15. Guse K, Levine D, Martins S, Lira A, Gaarde ], Westmorland
W, et al. Interventions using new digital media to improve adolescent
sexual health: a systematic review. ] Adolesc Health. (2012) 51:535-
43. doi: 10.1016/j.jadohealth.2012.03.014

16. Rokicki S, Fink G. Assessing the reach and effectiveness of mHealth:
evidence from a reproductive health program for adolescent girls in
Ghana. BMC Public Health. (2017) 17:969-969. doi: 10.1186/s12889-017-
4939-7

17. Sabben G, Mudhune V. Ondenge K, Odero I, Ndivo R, Akelo V,
et al. A smartphone game to prevent hiv among young Africans (Tumaini):
assessing intervention and study acceptability among adolescents and their
parents in a randomized controlled trial. JMIR Mhealth Uhealth. (2019)
7:¢13049. doi: 10.2196/13049

18. Google. Use Google Play Protect to Help Keep Your Apps Safe and Your
Data Private. Google Support. (2022). Available online at: https://support.google.
com/accounts/answer/2812853%hl=en&fbclid=IwAR3pmGVu7rHTtIjbMKkS_
aO7EMnL209fL886HyswhgbwGEnefSY4nEHbOzI

19. Jobe W. Native apps vs. mobile web apps. Int ] Interact Mob Technol. (2013)
7:27-32. doi: 10.3991/ijim.v7i4.3226

20. Kazi AM, Qazi SA, Ahsan N, Khawaja S, Sameen E, Saqib M, et al. Current
challenges of digital health interventions in pakistan: mixed methods analysis. J
Med Internet Res. (2020) 22:21691. doi: 10.2196/21691

21. Hubert C, Estrada F, Campero L, Heredia-Pi IB, Villalobos A, Suarez-
Lopez L, et al. Designing digital tools capable of reaching disadvantaged
adolescents and improving their sexual health: a Mexican experience. ]
Health Care Poor Underserved. (2021) 32:62-84. doi: 10.1353/hpu.202
1.0051

22. Feroz A, Abrejo F, Ali SA, Nuruddin R, Saleem S. Using mobile phones to
improve young people’s sexual and reproductive health in low- and middle-income
countries: a systematic review protocol to identify barriers, facilitators and reported
interventions. Syst Rev. (2019) 8:117. doi: 10.1186/s13643-019-1033-5

Frontiersin Public Health

10.3389/fpubh.2022.993795

23. Kalke KM, Ginossar T, Shah SFA, West AJ. Sex Ed to Go: A Content Analysis
of Comprehensive Sexual Education Apps. Health Education ¢ Behavior. (2018)
45:581-90. doi: 10.1177/1090198117749259

24. Brayboy LM, Sepolen A, Mezoian T, Schultz L, Landgren-Mills BS,
Spencer N, et al. Girl talk: a smartphone application to teach sexual
health education to adolescent girls. J Pediatr Adolesc Gynecol. (2017) 30:23-
8. doi: 10.1016/}.jpag.2016.06.011

25. Charlton P, Kean T, Liu RH, Nagel DA, Azar R, Doucet S, et al. Use of
environmental scans in health services delivery research: a scoping review. BMJ
Open. (2021) 11:e050284. doi: 10.1136/bmjopen-2021-050284

26. Charlton P, Doucet S, Azar R, Nagel DA, Boulos L, Luke A, et al. The
use of the environmental scan in health services delivery research: a scoping
review protocol. BMJ Open. (2019) 9:¢029805. doi: 10.1136/bmjopen-2019-0
29805

27. Porterfield DS, Hinnant LW, Kane H, Horne ], McAleer K, Roussel A.
Linkages between clinical practices and community organizations for prevention:
a literature review and environmental scan. Am J Public Health. (2012) 102:S375-
82. doi: 10.2105/AJPH.2012.300692

28. Graham P, Evitts T, Thomas-MacLean R. Environmental scans: how useful
are they for primary care research? Can Fam Physician. (2008) 54:1022-3.

29. Wilburn A, Vanderpool RC, Knight JR. Environmental scanning as a public
health tool: Kentucky’s human papillomavirus vaccination project. Prev Chronic
Dis. (2016) 13:160165. doi: 10.5888/pcd13.160165

30. Ceci L. Biggest app stores in the world 2021 (2022). Available
online at: https://www.statista.com/statistics/276623/number- of-apps-available-
in-leading-app-stores/ (accessed June 26, 2022).

31. Stoyanov SR, Hides L, Kavanagh DJ, Zelenko O, Tjondronegoro D,
Mani M. Mobile app rating scale: a new tool for assessing the quality of
health mobile apps. JMIR Mhealth Uhealth. (2015) 3:e27. doi: 10.2196/mhealt
h.3422

32. Terhorst Y, Philippi P, Sander LB, Schultchen D, Paganini S, Bardus M,
et al. Validation of the mobile application rating scale (MARS). PLoS ONE. (2020)
15:€0241480. doi: 10.1371/journal.pone.0241480

33. Hindin M]J, Fatusi AO. Adolescent sexual and reproductive health in
developing countries: an overview of trends and interventions. Int Perspect Sex
Reprod Health. (2009) 35:058-62. doi: 10.1363/3505809

34. Governance and Social Development Resource Center. Political
commitments to improve adolescent sexual and reproductive health. (2012).
Available online at: http://gsdrc.org/docs/open/hdq779.pdf (accessed June 20,
2022).

35. Paul-Ebhohimhen VA, Poobalan A, van Teijlingen ER, A. systematic review
of school-based sexual health interventions to prevent STI/HIV in sub-Saharan
Africa. BMC Public Health. (2008) 8:4. doi: 10.1186/1471-2458-8-4

36. Tavrow P, Muthengi E, Obbuyi A, Omollo V. Community norms about
youth condom use in western Kenya: is transition occurring? Afr ] Reprod Health.
(2012) 16:241-52.

37. Guttmacher Institute. Abortion Worldwide 2017: Uneven Progress and
Unequal Access. (2018). Available online at: https://www.guttmacher.org/report/
abortion-worldwide-2017 (accessed July 20, 2022).

38. Sommer M, Mmari K. Addressing structural and environmental factors for
adolescent sexual and reproductive health in low- and middle-income countries.
Am ] Public Health. (2015) 105:1973-81. doi: 10.2105/AJPH.2015.302740

39. Venkatraman CM, McCarraher DR, Phillips SJ, Williamson NE, Hainsworth
G. Contraception for adolescents in low and middle income countries:
needs, barriers, and access. Reprod Health. (2014) 11:1. doi: 10.1186/1742-47
55-11-1

40. Vo V, Auroy L, Sarradon-Eck A. Patients’ perceptions of mHealth apps:
meta-ethnographic review of qualitative studies. JMIR Mhealth Uhealth. (2019)
7:e13817-e13817. doi: 10.2196/13817

41. Park E, Kwon M. Health-related internet use by children and adolescents:
systematic review. ] Med Internet Res. (2018) 20:¢120. doi: 10.2196/jmir.7731

42. Scarborough MK, Lewis CM, Kulkarni S. Enhancing adolescent
brain development through goal-setting activities. Soc Work. (2010)
55:276-8. doi: 10.1093/sw/55.3.276

43. Education Resources Information Center Digests. Self-Regulation through
Goal Setting. (2001). Available online at: https:/files.eric.ed.gov/fulltext/
ED462671.pdf (accessed June 23, 2022).

44. Ribeiro N, Moreira L, Barros A, Almeida AM, Santos-Silva F. Guidelines for
a cancer prevention smartphone application: a mixed-methods study. Int ] Med
Inform. (2016) 4:134-42. doi: 10.1016/j.ijmedinf.2016.07.007

frontiersin.org


https://doi.org/10.3389/fpubh.2022.993795
https://doi.org/10.1093/bjsw/bct168
https://doi.org/10.1016/j.jadohealth.2016.03.014
https://doi.org/10.1016/j.jadohealth.2013.07.018
https://doi.org/10.1186/s12978-020-01059-7
https://doi.org/10.1186/s12978-017-0293-6
https://doi.org/10.1111/josh.12285
https://doi.org/10.1186/s40834-020-00134-5
https://doi.org/10.1111/j.1744-6155.2011.00308.x
https://www.kff.org/wp-content/uploads/2013/01/7614.pdf
https://doi.org/10.1016/j.jadohealth.2012.03.014
https://doi.org/10.1186/s12889-017-4939-7
https://doi.org/10.2196/13049
https://support.google.com/accounts/answer/2812853?hl=en&fbclid=IwAR3pmGVu7rHTtIjbMKkS_aO7EMnL209fL886HyswhgbwGEnefSY4nEHbOzI
https://support.google.com/accounts/answer/2812853?hl=en&fbclid=IwAR3pmGVu7rHTtIjbMKkS_aO7EMnL209fL886HyswhgbwGEnefSY4nEHbOzI
https://support.google.com/accounts/answer/2812853?hl=en&fbclid=IwAR3pmGVu7rHTtIjbMKkS_aO7EMnL209fL886HyswhgbwGEnefSY4nEHbOzI
https://doi.org/10.3991/ijim.v7i4.3226
https://doi.org/10.2196/21691
https://doi.org/10.1353/hpu.2021.0051
https://doi.org/10.1186/s13643-019-1033-5
https://doi.org/10.1177/1090198117749259
https://doi.org/10.1016/j.jpag.2016.06.011
https://doi.org/10.1136/bmjopen-2021-050284
https://doi.org/10.1136/bmjopen-2019-029805
https://doi.org/10.2105/AJPH.2012.300692
https://doi.org/10.5888/pcd13.160165
https://www.statista.com/statistics/276623/number-of-apps-available-in-leading-app-stores/
https://www.statista.com/statistics/276623/number-of-apps-available-in-leading-app-stores/
https://doi.org/10.2196/mhealth.3422
https://doi.org/10.1371/journal.pone.0241480
https://doi.org/10.1363/3505809
http://gsdrc.org/docs/open/hdq779.pdf
https://doi.org/10.1186/1471-2458-8-4
https://www.guttmacher.org/report/abortion-worldwide-2017
https://www.guttmacher.org/report/abortion-worldwide-2017
https://doi.org/10.2105/AJPH.2015.302740
https://doi.org/10.1186/1742-4755-11-1
https://doi.org/10.2196/13817
https://doi.org/10.2196/jmir.7731
https://doi.org/10.1093/sw/55.3.276
https://files.eric.ed.gov/fulltext/ED462671.pdf
https://files.eric.ed.gov/fulltext/ED462671.pdf
https://doi.org/10.1016/j.ijmedinf.2016.07.007
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Patel et al.

45. Peng W, Kanthawala S, Yuan S, Hussain SA. A qualitative study of
user perceptions of mobile health apps. BMC Public Health. (2016) 16:1-
13. doi: 10.1186/512889-016-3808-0

46. Rafaeli S, Sudweeks F. Interactivity on the Nets. Research Gate
(1988).  Available  online at:  https://www.researchgate.net/publication/
228587808_Interactivity_on_the_Nets/citation/download (accessed June
20,2022).

Frontiersin Public Health

13

10.3389/fpubh.2022.993795

47. Bol N, Heie NM, Nguyen MH, Smit ES. Customization in mobile
health apps: explaining effects on physical activity intentions by the need for
autonomy. Digit Health. (2019) 5:205520761988807. doi: 10.1177/20552076198
88074

48.Igbal S, Zakar R, Zakar MZ, Fischer F. Perceptions of adolescents” sexual and
reproductive health and rights: a cross-sectional study in Lahore District, Pakistan.
BMC Int Health Hum Rights. (2017) 17:5. doi: 10.1186/s12914-017-0113-7

frontiersin.org


https://doi.org/10.3389/fpubh.2022.993795
https://doi.org/10.1186/s12889-016-3808-0
https://www.researchgate.net/publication/228587808_Interactivity_on_the_Nets/citation/download
https://www.researchgate.net/publication/228587808_Interactivity_on_the_Nets/citation/download
https://doi.org/10.1177/2055207619888074
https://doi.org/10.1186/s12914-017-0113-7
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	Environmental scan of mobile apps for promoting sexual and reproductive health of adolescents in low- and middle-income countries
	Introduction
	Methods
	Study designs
	Search strategy
	Application screening
	MARS quality assessment
	Data extraction

	Analysis
	Results
	Screening findings
	Study findings
	Results of MARS subdomains and items, and app-related strengths and weaknesses
	MARS subdomains
	Apps strengths
	Apps weaknesses


	Discussion
	Limitations and future research

	Conclusion
	Data availability statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


