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Abstract

Background: Women are increasingly turning to mobile health platforms to receive health information and support in pregnancy,
yet the content of these platforms vary. Although there is great potential to influence health behaviors, little research has assessed
the quality of these platforms or their ability to change behavior. In recent years, validated tools to assess app quality have become
available.

Objective: To identify and assess the quality and ongoing popularity of the top 10 freely available pregnancy apps in Australia
using validated tools.

Methods: A systematic search on app stores to identify apps was performed. A Google Play search used subject terms pregnancy,
parenting, and childbirth; the iTunes search used alternative categories medical and health and fitness. The top 250 apps from
each store were cross-referenced, and the top 100 found in both Google Play and iTunes were screened for eligibility. Apps that
provided health information or advice for pregnancy were included. Excluded apps focused on nonhealth information (eg, baby
names). The top 10 pregnancy apps were assessed using the Mobile App Rating Scale (MARS). A comparative analysis was
conducted at 2 time points over 2 years to assess the ongoing popularity of the apps. The MARS score was compared to the
download and star rating data collected from iTunes and Google Play in 2017 and 2019. Health behaviors including breastfeeding,
healthy pregnancy weight, and maternal awareness of fetal movements were reviewed for apparent impact on the user’s knowledge,
attitudes, and behavior change intentions using the MARS perceived impact section and the Coventry, Aberdeen, and
London—Refined (CALO-RE) taxonomy.

Results: A total of 2052 free apps were screened for eligibility, 1397 were excluded, and 655 were reviewed and scored. The
top 10 apps were selected using download numbers and star ratings. All 10 apps were suboptimal in quality, practicality, and
functionality. It was not possible to identify a primary purpose for all apps, and there was overlap in purpose for many. The mean
overall MARS app quality score across all 10 apps was 3.01 (range 1.97-4.40) in 2017 and 3.40 (range 2.27-4.44) in 2019. A
minority of apps scored well for perceived impact on health behavior using the MARS tool. Using the CALO-RE 40 item
taxonomy, the number of behavior change techniques used was low. The mean number of behavior change techniques for
breastfeeding was 5 (range 2-11), for pregnancy weight was 4 (range 2-12), and for maternal awareness of fetal movements was
5 (range 2-8).

Conclusions: This review provides valuable information to clinicians and consumers about the quality of apps currently available
for pregnancy in Australia. Consideration is needed regarding the regulation of information and the potential opportunity to
incorporate behavior change techniques to improve maternal and fetal outcomes.
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Introduction

Smartphone ownership and app use in Australia are high, with
81% of people possessing a smartphone, and 97% of mobile
consumers aged between 18 and 34 years [1]. In 2019, mobile
phones were the most common device used to access the internet
(87%), followed by a laptop (69%), then tablets (56%) [2]. The
most recent Australian data suggest that 46% of internet users
access the internet for health services; this is an increase from
22% in 2014-2015 [3]. It has been estimated that up to 1 in 4
Australians use their smartphones to access health-related apps
to support healthy behaviors [4].

Pregnant women are increasingly turning to mobile health
(mHealth) to receive health information and support rather than
relying on face-to-face and paper-based delivery methods [5-11].
This use of mobile health apps during pregnancy provides a
unique window of opportunity—a teachable moment—when
women are often more motivated to optimize health and change
their lifestyle [12,13]. Apps also have the potential to act as a
platform for specific pregnancy behavior change interventions,
such as maternal awareness of decreased fetal movements,
maternal weight monitoring, and breastfeeding [14-17]. A recent
systematic review [18] found limited data of the effects of
mobile app interventions during pregnancy on maternal
knowledge and behavior change. This review [18] concluded
that well-designed studies are needed to evaluate apps. App
developers should include women in co-design, implementation,
and evaluation phases of development. This was further
supported by a systematic review [19] that aimed to evaluate
usability (feasibility and acceptability) as well as the
effectiveness of lifestyle and medical apps in supporting health
care during pregnancy in high-income countries. The review
[19] concluded that further evidence is needed before such apps
are implemented in health care. For apps to be used as an adjunct
to health care, issues related to the accuracy of the information,
privacy, and security also need to be addressed [19].

Health behaviors such as maternal awareness of decreased fetal
movements, maintaining a healthy weight in pregnancy, and
breastfeeding are modifiable behaviors with known benefits for
both mothers and babies. Globally, apps have been used to
address such behaviors; however, further evidence is needed to
establish if these apps have an impact on pregnancy outcomes
[18]. In Australia, such apps have been assessed in a research
setting, including Growing Healthy, which provides information
on healthy infant feeding [20], and the My Baby’s Movements
app, which provides information about normal fetal movements
and has a tracking tool [21]. In 2018, a quasi-experimental study
[20] was conducted to describe the effects of Growing Healthy
on parental feeding practices, infant food preferences, and infant
satiety responsiveness; the authors concluded that mHealth
design and delivery characteristics that impact on infant feeding
practices need further research. My Baby’s Movements has also

been tested in a randomized controlled trial [21]; results are not
yet published.

Women who are overweight or obese have an increased risk of
pregnancy complications [22]. Pregnancy weight gain can be
addressed through lifestyle and dietary interventions [23].
Institute of Medicine weight gain recommendations [24],
National Institute for Health and Clinical Excellence guidelines
[25], and Australian dietary and physical activity guidelines are
referenced and recommended in national Clinical Practice
Guidelines for pregnancy care [26]. A recent systematic review
of nutritional information available to pregnant women on
smartphones in the United Kingdom found that apps do not
consistently provide useful or accurate nutritional information
[27].

The health benefits of exclusive breastfeeding for 6 months for
mothers and infants are well established [28]. A 2019 systematic
review [29] of digital interventions that support breastfeeding
found that there is potential to improve breastfeeding outcomes.
A recent cohort study [30] conducted in the United Kingdom
evaluated the effectiveness of the Baby Buddy app; Baby Buddy
is an mHealth intervention that is available on the UK National
Health Service Library that supports and guides women through
pregnancy and the first 6 months of their child’s life. The
posthoc analysis of this study suggested that Baby Buddy app
users were more likely to report exclusively breastfeeding or
ever breastfeeding [30].

This study aimed to identify and review the top 10 pregnancy
apps available in Australia over 2 years using validated tools
to assess the quality and perceived impact of 3 important
pregnancy health behaviors.

Methods

Study Design
This review used a stepwise systematic approach to identify,
select, assess, and evaluate the 10 most popular pregnancy apps
in Australia from November 2017 to October 2019. We assessed
their quality and use of behavior change techniques for 3
specified behaviors— maternal awareness of decreased fetal
movement, managing weight in pregnancy, and
breastfeeding—using validated tools [31,32].

Step 1: Selection of Smartphone Apps
Apps were identified using a search strategy developed using
PRISMA-P (Preferred Reporting Items for Systematic Reviews
and Meta-Analysis Protocol) guidelines [33] for reporting
systematic reviews evaluating health care interventions. Both
iTunes (Apple Inc, Australia) and Google Play (Google Inc,
Australia) were searched using a set of terms developed for each
online app store. The searches were conducted on the authors’
smartphones. Google Play search terms included pregnancy,
parenting, and childbirth. Categories searched in iTunes were
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medical and health and fitness. The top 250 apps from each
store that met the search terms were cross-referenced to find
the top 100 available in both Google Play and iTunes. These
100 apps were then screened for eligibility. Apps were screened
for relevance based on the inclusion criteria, using the
information provided in the app store description. The top 10
apps were then selected using the download numbers and star
ratings provided in each store. A comparative analysis of the
top 10 apps was conducted at 2 time points, in November 2017
and in October 2019. Discrepancies regarding the selected apps
were discussed and resolved by the review team.

Apps were included in the search that satisfied the following
criteria: available free (with or without in-app purchase) AND
modifiable or interactive AND provided general pregnancy
information or education. In addition, there was a criterion that
the app either aimed to support targeted behavior change in
pregnancy such as healthy diet and exercise or aimed to support
general well-being and disease prevention in pregnancy
including mental health. Apps were excluded in the search if
they satisfied any of the following criteria: a cost was involved,
the app was not available in both Australia iTunes or Google
Play stores, the app was not available in English, the app was
not designed for interactive use, the app was primarily designed
to track or assist with contraception or fertility, the app was
classified as a game or entertainment only and was not designed
for education or information delivery (eg, baby names), or the
app was designed primarily for use by other consumers (such
as health care professionals, women’s partners).

Step 2: Evaluation of Smartphone Apps

App Classification and Quality
Two reviewers classified and evaluated the quality of the top
10 pregnancy apps using the Mobile Application Rating Scale
(MARS) [31]. The MARS tool was chosen as it has proven
reliability through test-retest studies and has excellent internal
consistency [31]. MARS has been validated for health
applications and has been used in several studies, for example,
pregnancy-specific nutrition apps [34,35], medication adherence
[36], apps for treatment of speech disorders in children [37] and
pain management [38]. Using the descriptive information
provided by each app, the reviewers identified the focus and
theoretical background (or strategies) used by the app
developers. Affiliations, technical aspects, and target age groups
were also examined. The 23-item tool has 4 objective quality
subscales and 1 subjective quality rating scale. A 5-point rating
scale (1, inadequate, to 5, excellent) was used for each of the 4
objective subscales: engagement, functionality, aesthetics, and
information quality. A mean score was calculated that ranged
from 1-5. A score of 5 denoted excellent quality, and a score of
1 indicated poor app quality [31]. The overall app quality score
was calculated using the scores for the 4 domains. MARS has
been designed in this way so that the total score can be directly
translated to a star rating, and therefore, can be easily compared
with app stores. Each app was assessed for subjective quality
using a 5-point scale and calculated mean. The 4 subjective
items were potential benefit, use, cost, and overall personal star
rating (a score of 5 denoted “One of the best apps I’ve used”
and a score of 1 denoted “One of the worst apps I’ve used”)

[31]. Reviewers used each app for at least 10 minutes and
assessed how easy the app was to use. The 10 included apps
were assessed on both iOS and Android devices to determine
if there was any variance in functionality or usability between
the different platforms. Data related to app settings, developer
information (affiliations), external links, and security features
were also reviewed.

Comparative Analysis
At 2 time points, 2 years apart, a comparative analysis of the
MARS scores, downloads and star ratings of the top 10 apps
was conducted to assess the ongoing quality and popularity of
the selected apps. Data were collected from iTunes and Google
Play on November 3, 2017 and October 5, 2019. This was done
to assess whether the quality or download rating had changed.

Step 3: Analysis of Behavior Change Techniques Used
The 3 prespecified target health behaviors were found in all 10
apps. These behaviors were assessed in 2019 using both the
additional component of the MARS tool [31], perceived impact,
and the Coventry, Aberdeen, and London—Refined (CALO-RE)
taxonomy [32]. This was undertaken to compare which apps
could be effective in modifying behavior change. Content related
to the behaviors was reviewed in each app to assess potential
impact on user awareness, knowledge, attitudes, intentions to
change, help-seeking, and behavior change and was documented
using a 5-point rating scale from 1 (strongly disagree) to 5
(strongly agree) [31]. To assess the perceived impact, we used
a method described by Furlong et al [37]. We identified
best-practice principles for decreased fetal movement awareness,
weight management, and breastfeeding as well as the
intervention techniques used by the apps (eg, self-monitoring,
instruction on how to perform the behavior, and information on
consequences of behavior). A mean score was then calculated
[37]. The CALO-RE tool was chosen as an adjunct to MARS
perceived impact as it has been used successfully for reporting,
evaluating, and implementing physical activity, healthy eating,
and lifestyle interventions [34]. CALO-RE is a systematic way
to apply evidence and theory linked to behavior change using
a taxonomy consisting of 40 behavior change techniques items
[32]. Each app was reviewed for all 3 target behaviors.
Definitions were used to accurately describe the behavior change
techniques such as goal setting, action planning, and barrier
identification [32]. Using a method described by Brown et al
[34], we assessed the frequency of behavior change technique
inclusion in all 3 behaviors in all 10 apps. To do this, we
reviewed app content, assigned individual behavior change
techniques as defined by Michie et al [32] and calculated a score
out of 40 possible behavior change techniques [34]. We repeated
this process for each behavior.

Fetal Movement Awareness
Information about fetal well-being and advice given regarding
decreased fetal movement were examined using the Australian
Safer Baby Bundle Handbook and Resource Guide [39]. Using
MARS and CALO-RE, we considered the potential impact that
each app would have on changing women behaviors toward
monitoring fetal movements and the likelihood that they would
act on concerns and contact a health care provider.
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Healthy Weight in Pregnancy
Advice on gestational weight gain included in apps was
reviewed against US Institute of Medicine weight gain
recommendations, the UK National Institute for Health and
Clinical Excellence weight management guidelines for
pregnancy, and the Australian clinical practice guidelines for
pregnancy care.

Breastfeeding
Breastfeeding content was compared for alignment with the
World Health Organization (WHO) Breastfeeding Friendly
Hospital Initiative 10 Steps to Successful Breastfeeding [40]
and International Code of Marketing of Breast-Milk Substitutes
[41]. Information, images, advertising, and sponsorship of each
app were reviewed and evidence of breaches of the WHO Code
was collated alongside the MARS and CALO-RE data.

Results

Step 1: Selection of Smartphone Apps
In November 2017, a total of 2052 apps were identified. Of
these, 1111 apps were found only in Google Play, and 941 were
found only in iTunes. Due to the volume of apps, the top 250
free apps in both stores were cross-referenced to identify the
top 100 most downloaded. A total of 71 apps were excluded,
and 29 met inclusion criteria. Of these 29 apps, the 10 apps with
the highest number of downloads and star ratings in both stores
were identified (Figure 1). The following apps were assessed
for quality: Ovia Pregnancy Tracker, I’m Expecting, Baby
Centre, Pregnancy +, Glow, What to Expect, Baby Bump
Pregnancy Pro, Sprout Pregnancy, Week by Week, The Bump.
In 2019, the top 10 apps identified from 2017 were again
searched for in both stores to conduct a comparative analysis
of download and star ratings at 2 time points.

Figure 1. Flowchart of the app selection process.
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Step 2: Evaluation of Selected Smartphone Apps

App Classification
The focus, theoretical background, and strategies used in each
app were difficult to ascertain. Affiliations and sources of
funding information available indicated that all 10 were
commercially developed. All apps lacked transparency regarding
the details of funding. The review team was unable to determine
the target age groups as these were not specified. The app
description, design, functionality, and content were designed
to appeal to women of reproductive age; however, some had
user pathways for partners and carers. Of the 10 apps, 7 had
reminders, 7 allowed password protection, 7 had an app
community, 9 allowed sharing, 9 required logins, and all 10
required web access.

There was no single dedicated focus described for any of the
10 apps, and there was an overlap between categories. Four of
the apps had additional categories that were not prespecified
(other), these linked directly to online stores to upgrade the app
or buy baby-related products (4/10 apps). The entertainment
category included apps that had links to online communities
and information that was not always related to pregnancy health,
and well-being. The physical health category included apps that
provided information about pregnancy symptoms, milestones,
nutrition, exercise, maternal weight gain, medication, and
prenatal vitamin reminders (10/10 apps). Of the 10 apps, 5 had
a component that related to supporting mental health (reducing
negative feelings, anxiety, and depression).

All 10 apps provided some health information and education.
All app descriptions stated that the app would help monitor and

track various healthy behaviors, provide advice, tips, and
strategies; 9 out of 10 apps had such content. Further analysis
of the content using the MARS tool showed that few provided
the necessary goal-setting (4/10 apps), assessment (3/10 apps),
and feedback (2/10 apps) required to successfully support
behavior change.

App Quality
The mean of the 4 MARS subscale scores across all 10 apps
were 3.01 (range 1.97-4.40) in 2017 and 3.40 (range 2.27-4.44)
in 2019. The app that had the highest quality scores was Ovia
Pregnancy Tracker App (in 2017: mean 4.40; in 2019: mean
4.44). The app that had the lowest quality score in 2017 (mean
1.97) was Baby Bump Pregnancy Pro. This app was no longer
available for download in 2019, therefore, was not analyzed at
the second time point. In both 2017 and 2019, functionality was
rated the highest in both 2017 and 2019 followed by aesthetics,
engagement, and information (Table 1). Ovia Pregnancy Tracker
scored highest across all subscales. Apps that scored higher for
engagement and aesthetics scored lower for information. We
found that sources of information were not cited, and studies
and trials were not included. There was inconsistent information,
and there appeared to be an ad hoc approach with several pieces
of content missing review dates. The subjective quality items
were calculated as a mean score. Apps that had the highest
subjective scores in 2017 were Ovia Pregnancy Tracker (mean
3.75) and Sprout Pregnancy (mean 2.75). These 2 apps also had
the highest overall MARS scores in 2017 (mean 4.40 and mean
3.38, respectively).

Table 1. MARS scores of the Top 10 apps in 2017 and 2019.

Overall quality scoreInformation scoreAesthetics scoreFunctionality scoreEngagement scoreApp

2019201720192017201920172019201720192017

3.403.012.142.104.003.304.253.623.403.00All, mean

4.444.403.423.005.005.004.755.004.604.60Ovia Pregnancy Tracker

2.462.902.002.112.663.003.003.502.203.00I’m Expecting

3.982.902.852.705.003.004.503.003.603.00Baby Centre

3.553.112.221.704.334.104.253.753.403.00Pregnancy +

3.283.202.142.103.663.304.334.003.003.40Glow

3.892.802.421.424.663.304.503.504.003.00What to Expect

—1.97—1.20—2.30—2.20—a2.20Baby Bump Pregnancy Pro

2.273.581.573.002.664.332.254.002.603.00Sprout Pregnancy

2.843.122.142.283.334.003.504.002.802.20Week by Week

3.402.281.421.404.003.004.002.754.202.00The Bump

aDenotes that this app was not available for download in 2019.

Comparative Analysis
Baby Bump Pregnancy Pro had the lowest MARS score in 2017
and was not available to download at the second time point on
either iOS or Android. For the majority of apps, there was an
increase in the mean quality scores from 2017 to 2019. The

exceptions to this were I’m Expecting, Sprout Pregnancy, and
Week by Week, which had lower scores than their 2017 scores.
Sprout Pregnancy had the lowest star rating (4.5) at both time
points. This app dropped significantly in ranking from 2017
(ranked second) to 2019 (ranked ninth). Ovia Pregnancy Tracker
ranked first at both time points (Table 2).
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Table 2. Comparison of Android downloads (rounded estimates as shown in Google Play) and star ratings for the top 10 apps.

Star ratingsDownloadsApp

2019201720192017

4.84.81,000,00081,053Ovia Pregnancy Tracker

4.64.61,000,00070,640I’m Expecting

4.74.710,000,000530,321Baby Centre

4.64.510,000,000157,385Pregnancy +

4.64.6500,00016,938Glow

4.64.51,000,00043,882What to Expect

—4.5—a26,659Baby Bump Pregnancy Pro

4.54.51,000,00023,131Sprout Pregnancy

4.94.81,000,0001100Week by Week

4.74.51,000,00013,532The Bump

aDenotes that this app was not available for download in 2019.

Step 3: Analysis of Behavior Change Techniques Used
Overall, Ovia Pregnancy Tracker scored the highest for
perceived impact using the MARS tool across all 3 behaviors
(breastfeeding: mean 3.0; healthy weight: mean 3.5; maternal
fetal movement awareness: mean 4.0; all apps: range 1-4). When
examined using CALO-RE, Ovia Pregnancy Tracker did not
have the highest number of behavior change techniques for any
of the behaviors reviewed (Table 3). What to Expect used the
highest number of behavior change techniques (breastfeeding:
11/40; healthy weight: 9/40; maternal fetal movement
awareness: 8/40; all apps: range 2-12) (Table 3). A detailed
analysis of the frequency of CALO-RE behavior change
techniques included across the 10 apps for the 3 behaviors is
included in Multimedia Appendix 1.

Fetal Movements
Ovia Pregnancy Tracker scored the highest for perceived impact
for fetal movements (mean 4.0; range 1-4) (Table 3). When
assessed using CALO-RE, the highest number of behavior
change techniques used was 8/40 (range 2-8). When
cross-referenced with the Australian Safer Baby Bundle
Handbook and Resource Guide [39], we found several
discrepancies. All apps had some inaccurate or incomplete
information about maternal fetal movement monitoring. One
app stated that normal baby movement was 10 kicks in 2 hours
and all other apps provide no or partial information alongside
the in-app tools provided. Three of the 10 apps incorrectly
suggested the mother should consume something sweet to
encourage fetal movements. One app recommended buying a
fetal Doppler ultrasound, claiming that it was beneficial and so
that the pregnant woman could monitor fetal well-being. This
is not evidence-based and may impact negatively on fetal
outcomes [42]. Three of the apps did not articulate or encourage
women to contact a health care provider if concerned about
decreased fetal movements or mention the risk of stillbirth.

Healthy Weight in Pregnancy
Ovia Pregnancy Tracker scored the highest for perceived impact
(mean 3.5, range 1.0-3.5). Basic information on diet and exercise
was included in all apps, with a focus primarily on fitness rather
than weight management. Tools to track exercise and weight
were included in 5 of the apps; however, little or no information
was given on how, when, or why it is important to do so. Weight
tracking tools in 2 apps provided incorrect information on
expected weight gain, and 2 apps provided information that was
misleading regarding increasing calorie intake and advocating
the need to eat for two. CALO-RE analysis showed that Baby
Centre (12 techniques) and What to Expect (9 techniques)
utilized the highest of behavior change techniques (all apps:
mean 4.4, range: 2-12), but there was no clear alignment with
Institute of Medicine, National Institute for Health and Clinical
Excellence, or Australian pregnancy care guidelines (Table 3).

Breastfeeding
Basic breastfeeding information was provided in all apps;
however, the content did not adequately cover all aspects of
breastfeeding, was inaccurate, or did not follow best practice
outlined in the WHO code [41]. Although Ovia Pregnancy
Tracker scored the highest for perceived impact (mean 3.0), it
had one of the lowest numbers of behavior change techniques
(5/40) when compared against other apps (What to Expect:
11/40; The Bump: 10/40). Two apps provided information for
later in pregnancy and highlighted some difficulties with
breastfeeding. It was noted that these apps did not mention
midwives or lactation consultants as a form of support, instead
suggesting that formula is equal to breastmilk. The apps varied
greatly; 1 app provided a feeding tracker and gave links to
relevant articles while another app gave information that was
directly linked to online shopping for nipple creams and bras.
One app had affiliations with a company that sells breastmilk
substitutes; this app scored the lowest in both MARS and
CALO-RE and directly contradicted the WHO code [41].
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Table 3. Perceived impact of app on modifiable healthy behavior using the MARS app-specific tool and CALO-RE behavior change techniques
taxonomy.

Fetal movementsHealthy weightBreastfeedingApp

CALO-RE behavior
change techniques, n
(%)

MARS perceived
impact score,
mean

CALO-RE behavior
change techniques, n
(%)

MARS perceived
impact score,
mean

CALO-REb behavior
change techniques, n
(%)

MARSa

perceived impact
score, mean

4 (10)4.04 (10)3.55 (12.5)3.0Ovia Pregnancy
Tracker

5 (12.5)1.62 (5)1.62 (5)1.1I’m Expecting

7 (17.5)1.312 (30)1.39 (22.5)1.1Baby Centre

7 (17.5)3.03 (7.5)3.06 (15)1.0Pregnancy +

3 (7.5)1.04 (10)1.82 (5)2.5Glow

8 (20)1.59 (22.5)2.311 (27.5)3.0What to Expect

—1.3—1.3—c1.0Baby Bump
Pregnancy Pro

2 (5)2.32 (5)1.52 (5)1.0Sprout Pregnancy

8 (20)2.32 (5)2.32 (5)1.0Week by Week

8 (20)1.02 (5)1.010 (25)1.0The Bump

aMARS: Mobile Application Rating Scale.
bCALO-RE: Coventry, Aberdeen, and London—Refined.
cDenotes that this app was not available for download in 2019.

Discussion

Principal Findings
This review showed that highly rated pregnancy smartphone
apps were generally of low to moderate quality. This study is
the first to have systematically described app quality and the
use of behavior change techniques in pregnancy apps for 3 key
health behaviors—maternal fetal movement monitoring,
pregnancy weight monitoring, and breastfeeding.

The trend toward the use of mobile health opens up an
opportunity to reach women who are less likely to or have yet
to engage with health care providers. The information provided
in all 10 apps, however, was not tailored for specific groups,
for example, young mothers. We were unable to find any
information in the 10 apps that suggested that pregnant women
were engaged as co-designers at any stage of the app
development or that endorsement from key maternity care
organizations, health departments, or colleges was sought. All
apps required web access. This may be a barrier for women
living outside major Australian cities with limited Wi-Fi
connection or with restricted data plans. Those who may benefit
most are potentially not able to access interventions that may
improve health outcomes and support pregnancy and early
parenthood.

Functionality appears to be the main focus for developers. All
10 apps work technically well and have some in-built
mechanisms for sharing, basic privacy settings (to meet
Australian law), and rudimentary personalization capability.
All reviewed apps lacked transparency regarding affiliations
and have been set up to be commercial rather than as an
intervention to change behavior. Although the functionality and

usability of the apps have increased in the last two years, content
credibility has not. Several reviews have found that health apps
have insufficient evidence-based content [43-45]. Since there
is limited regulatory oversight of the quality of apps and content
provided, the MARS tool could be used by clinicians and by
women themselves to identify high-quality apps rather than
relying on download and star ratings. Our results confirm that
few apps provide evidence-based information; therefore, caution
is advised before recommending the use of these during
pregnancy. For example, regarding maternal fetal movement
awareness, reviewed app tools appeared to be for entertainment
purposes since they were designed poorly and lacked essential
information. We were unable to determine if fetal movement
tools in apps during pregnancy would positively impact maternal
knowledge, behavior change, or perinatal health outcomes. Of
concern is the possibility of women assuming that app content
is evidence-based and credible; however, in reality, apps are a
platform for in-app purchases and link to unnecessary and
potentially harmful advice. This was highlighted in the
breastfeeding information with links to breastmilk substitutes
and pictures of idealized artificial feeding. Such breaches of the
WHO code do not contribute to motivating women to breastfeed
exclusively for 6 months or seek help and assistance to do so.

Strengths and Limitations
The strength of this study is the use of a stepwise systematic
approach to identify and review pregnancy mobile apps in
Australia. By assessing current apps using the MARS tool and
CALO-RE taxonomy, we were able to evaluate features and
quality, as well as capture the usefulness of these apps as
behavior change intervention strategies. We looked at the top
10 apps in terms of popularity using downloads and star ratings
in Australian iOS and Android app stores. We then assessed 3
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prespecified healthy pregnancy behaviors. Our inclusion criteria
were deliberately set wide to assess what apps are commonly
used by pregnant women; the disadvantage of using this criteria
was that we may have missed other behaviors.

Our study supports the work by Brown et al who reviewed the
quality of Australian iPhone pregnancy apps and the inclusion
of behavior change techniques for pregnancy-specific nutrition
information using MARS and CALO-RE [34] and free
pregnancy apps available in the Google store [35]. Similarly,
we found that only a small number of behavior change
techniques were utilized across the 3 healthy behaviors we
examined using CALO-RE. Likewise, our MARS findings had
an overall mean quality score of 3.02 compared to the mean of
3.05 in Brown et al [34]. We found no single tool could cover
all aspects of pregnancy apps and therefore we used both the
MARS tool and the CALO-RE taxonomy. We chose the MARS
tool as it has been validated for the quality of health apps.
CALO-RE was used because it has more detail about specific
behavior change techniques.

CALO-RE and perceived impact scores in this study are low.
This may be attributed to the lack of behavior change theory in
app design or that behavior change was not the purpose of the
apps. The number of behavior change techniques used and the
perceived impact does not necessarily correlate with actual
behavior change as a result of using these apps. A feasibility
study would need to be conducted to establish the link between
perceived and actual impact, this is beyond the scope of this
study; however, using CALO-RE and the MARS tool to assess

the likelihood of behavior change has highlighted the need for
improvement if apps are to be used as interventions.

Finally, searching for pregnancy apps is problematic due to
inconsistent search terms across iTunes and Google Play. The
implication of this, is that a search cannot be replicated, and
therefore, validated. A potential solution to facilitate searching
would be the development of a vocabulary for app indexing
similar to Medical Subject Headings [46]. This would enable
users and researchers alike, to have the ability to easily find the
most appropriate apps with pregnancy information. Also, with
the constant addition and removal of apps from the market, it
is difficult to provide a timely appraisal of the current apps
available. Future research could explore the creation of a
combined scoring tool for pregnancy apps that could be used
by both clinicians and women.

Conclusions
This study confirms that publicly available, free pregnancy apps
in Australia should be treated with caution rather than
recommended. Clinicians and researchers need to work
collaboratively and show leadership in developing
evidence-based pregnancy apps that incorporate behavior change
techniques. Engagement with pregnant women in co-design
must occur at all stages of app development, and endorsement
from peak maternity care organizations, health departments,
and professional societies should be sought. Smartphone apps
have the potential to influence healthy behaviors in pregnancy,
but an evidence-based approach is needed.

Acknowledgments
This study is part of LM’s doctoral thesis, which is funded through the Ho Kong Fung Ling postgraduate scholarship.

Authors' Contributions
This project was conducted as part of a Doctor of Philosophy. LM and AG contributed to the concepts and design of the study.
LM and AG conducted the research and analyzed the data. LM drafted the first version of the manuscript. AG, NK, and CH
contributed to writing and editing the manuscript. All authors read and approved the final manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Frequency of behavior change technique inclusion.
[DOCX File , 35 KB-Multimedia Appendix 1]

References

1. Silver L. Smartphone Ownership Is Growing Rapidly Around the World, but Not Always Equally. Pew Research Center.
2019 Feb 5. URL: https://www.pewresearch.org/global/2019/02/05/
smartphone-ownership-is-growing-rapidly-around-the-world-but-not-always-equally/ [accessed 2020-05-07]

2. Communications Report 2018-19. Australian Communications and Media Authority. Australia URL: https://www.
acma.gov.au/sites/default/files/2020-04/Communications%20report%202018-19.pdf [accessed 2020-05-07]

3. Household Use of Information Technology. Australian Bureau of Statistics. Australia; 2018. URL: https://www.abs.gov.au/
AUSSTATS/abs@.nsf/Lookup/8146.0Main+Features12016-17?OpenDocument [accessed 2020-05-07]

4. Mobile Consumer Survey 2019. Deloitte Australia. Australia; 2019. URL: http://images.content.deloitte.com.au/Web/
DELOITTEAUSTRALIA/
%7B3a35a2e7-7ce2-4cc9-b7b2-3472be4267a7%7D_Deloitte_Global_Mobile_Consumer_Survey_2019.pdf [accessed
2020-05-07]

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 11 | e22340 | p. 8http://mhealth.jmir.org/2020/11/e22340/
(page number not for citation purposes)

Musgrave et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=mhealth_v8i11e22340_app1.docx&filename=7a29920559751134f78626a5937f0b6f.docx
https://jmir.org/api/download?alt_name=mhealth_v8i11e22340_app1.docx&filename=7a29920559751134f78626a5937f0b6f.docx
https://www.pewresearch.org/global/2019/02/05/smartphone-ownership-is-growing-rapidly-around-the-world-but-not-always-equally/
https://www.pewresearch.org/global/2019/02/05/smartphone-ownership-is-growing-rapidly-around-the-world-but-not-always-equally/
https://www.acma.gov.au/sites/default/files/2020-04/Communications%20report%202018-19.pdf
https://www.acma.gov.au/sites/default/files/2020-04/Communications%20report%202018-19.pdf
https://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/8146.0Main+Features12016-17?OpenDocument
https://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/8146.0Main+Features12016-17?OpenDocument
http://images.content.deloitte.com.au/Web/DELOITTEAUSTRALIA/%7B3a35a2e7-7ce2-4cc9-b7b2-3472be4267a7%7D_Deloitte_Global_Mobile_Consumer_Survey_2019.pdf
http://images.content.deloitte.com.au/Web/DELOITTEAUSTRALIA/%7B3a35a2e7-7ce2-4cc9-b7b2-3472be4267a7%7D_Deloitte_Global_Mobile_Consumer_Survey_2019.pdf
http://images.content.deloitte.com.au/Web/DELOITTEAUSTRALIA/%7B3a35a2e7-7ce2-4cc9-b7b2-3472be4267a7%7D_Deloitte_Global_Mobile_Consumer_Survey_2019.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/


5. Kennedy R, Mullaney L, Reynolds C, Cawley S, McCartney D, Turner M. Preferences of women for web-based nutritional
information in pregnancy. Public Health 2017 Feb;143:71-77. [doi: 10.1016/j.puhe.2016.10.028] [Medline: 28159029]

6. Rodger D, Skuse A, Wilmore M, Humphreys S, Dalton J, Flabouris M, et al. Pregnant women’s use of information and
communications technologies to access pregnancy-related health information in South Australia. Aust J Prim Health
2013;19(4):308. [doi: 10.1071/py13029]

7. Kraschnewski J, Chuang C, Poole E, Peyton T, Blubaugh I, Pauli J, et al. Paging "Dr. Google": does technology fill the
gap created by the prenatal care visit structure? Qualitative focus group study with pregnant women. J Med Internet Res
2014 Jun 03;16(6):e147 [FREE Full text] [doi: 10.2196/jmir.3385] [Medline: 24892583]

8. O'Higgins A, Murphy OC, Egan A, Mullaney L, Sheehan S, Turner MJ. The use of digital media by women using the
maternity services in a developed country. Ir Med J 2014;107(10):313-315. [Medline: 25556255]

9. Hearn L, Miller M, Lester L. Reaching perinatal women online: the Healthy You, Healthy Baby website and app. J Obes
2014;2014:573928 [FREE Full text] [doi: 10.1155/2014/573928] [Medline: 24872891]

10. Hearn L, Miller M, Fletcher A. Online healthy lifestyle support in the perinatal period: what do women want and do they
use it? Aust J Prim Health 2013;19(4):313. [doi: 10.1071/py13039]

11. Walker LO, Mackert MS, Ahn J, Vaughan MW, Sterling BS, Guy S, et al. e-Health and new moms: Contextual factors
associated with sources of health information. Public Health Nurs 2017 Nov;34(6):561-568. [doi: 10.1111/phn.12347]
[Medline: 28762533]

12. Phelan S. Pregnancy: a "teachable moment" for weight control and obesity prevention. Am J Obstet Gynecol 2010
Feb;202(2):135.e1-135.e8 [FREE Full text] [doi: 10.1016/j.ajog.2009.06.008] [Medline: 19683692]

13. Olander EK, Darwin ZJ, Atkinson L, Smith DM, Gardner B. Beyond the 'teachable moment' - A conceptual analysis of
women's perinatal behaviour change. Women Birth 2016 Jun;29(3):e67-e71. [doi: 10.1016/j.wombi.2015.11.005] [Medline:
26626592]

14. Ashman A, Collins C, Brown L, Rae K, Rollo M. Validation of a Smartphone Image-Based Dietary Assessment Method
for Pregnant Women. Nutrients 2017 Jan 18;9(1) [FREE Full text] [doi: 10.3390/nu9010073] [Medline: 28106758]

15. Wang N, Deng Z, Wen LM, Ding Y, He G. Understanding the Use of Smartphone Apps for Health Information Among
Pregnant Chinese Women: Mixed Methods Study. JMIR Mhealth Uhealth 2019 Jun 18;7(6):e12631 [FREE Full text] [doi:
10.2196/12631] [Medline: 31215516]

16. Asiodu IV, Waters CM, Dailey DE, Lee KA, Lyndon A. Breastfeeding and use of social media among first-time African
American mothers. J Obstet Gynecol Neonatal Nurs 2015;44(2):268-278 [FREE Full text] [doi: 10.1111/1552-6909.12552]
[Medline: 25712127]

17. Olson CM, Groth SW, Graham ML, Reschke JE, Strawderman MS, Fernandez ID. The effectiveness of an online intervention
in preventing excessive gestational weight gain: the e-moms roc randomized controlled trial. BMC Pregnancy Childbirth
2018 May 09;18(1):148 [FREE Full text] [doi: 10.1186/s12884-018-1767-4] [Medline: 29743026]

18. Daly LM, Horey D, Middleton PF, Boyle FM, Flenady V. The Effect of Mobile App Interventions on Influencing Healthy
Maternal Behavior and Improving Perinatal Health Outcomes: Systematic Review. JMIR Mhealth Uhealth 2018 Aug
09;6(8):e10012 [FREE Full text] [doi: 10.2196/10012] [Medline: 30093368]

19. Overdijkink SB, Velu AV, Rosman AN, van Beukering MD, Kok M, Steegers-Theunissen RP. The Usability and Effectiveness
of Mobile Health Technology-Based Lifestyle and Medical Intervention Apps Supporting Health Care During Pregnancy:
Systematic Review. JMIR Mhealth Uhealth 2018 Apr 24;6(4):e109 [FREE Full text] [doi: 10.2196/mhealth.8834] [Medline:
29691216]

20. Russell CG, Denney-Wilson E, Laws RA, Abbott G, Zheng M, Lymer SJ, et al. Impact of the Growing Healthy mHealth
Program on Maternal Feeding Practices, Infant Food Preferences, and Satiety Responsiveness: Quasi-Experimental Study.
JMIR Mhealth Uhealth 2018 Apr 25;6(4):e77 [FREE Full text] [doi: 10.2196/mhealth.9303] [Medline: 29695373]

21. Flenady V, Gardener G, Boyle FM, Callander E, Coory M, East C, IMPACT Clinical Trials Network for Mothers’Babies’
Health. My Baby's Movements: a stepped wedge cluster randomised controlled trial to raise maternal awareness of fetal
movements during pregnancy study protocol. BMC Pregnancy Childbirth 2019 Nov 21;19(1):430 [FREE Full text] [doi:
10.1186/s12884-019-2575-1] [Medline: 31752771]

22. Goldstein RF, Abell SK, Ranasinha S, Misso M, Boyle JA, Black MH, et al. Association of Gestational Weight Gain With
Maternal and Infant Outcomes: A Systematic Review and Meta-analysis. JAMA 2017 Jun 06;317(21):2207-2225 [FREE
Full text] [doi: 10.1001/jama.2017.3635] [Medline: 28586887]

23. Thangaratinam S, Rogozinska E, Jolly K, Glinkowski S, Roseboom T, Tomlinson JW, et al. Effects of interventions in
pregnancy on maternal weight and obstetric outcomes: meta-analysis of randomised evidence. BMJ 2012 May 16;344:e2088
[FREE Full text] [doi: 10.1136/bmj.e2088] [Medline: 22596383]

24. Institute of Medicine. Weight Gain During Pregnancy: Reexamining the Guidelines. USA: National Academies Press;
2009. URL: https://books.google.com.au/books?id=jAAwbDUnH4MC [accessed 2020-05-08]

25. National Institute for Health and Clinical Excellence. Antenatal care for uncomplicated pregnancies. National Institute for
Health and Clinical Excellence. UK: National Institute for Health and Clinical Excellence; 2019 Feb 04. URL: https://www.
nice.org.uk/guidance/cg62/resources/antenatal-care-for-uncomplicated-pregnancies-pdf-975564597445 [accessed 2020-05-10]

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 11 | e22340 | p. 9http://mhealth.jmir.org/2020/11/e22340/
(page number not for citation purposes)

Musgrave et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.puhe.2016.10.028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28159029&dopt=Abstract
http://dx.doi.org/10.1071/py13029
https://www.jmir.org/2014/6/e147/
http://dx.doi.org/10.2196/jmir.3385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24892583&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25556255&dopt=Abstract
https://doi.org/10.1155/2014/573928
http://dx.doi.org/10.1155/2014/573928
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24872891&dopt=Abstract
http://dx.doi.org/10.1071/py13039
http://dx.doi.org/10.1111/phn.12347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28762533&dopt=Abstract
http://europepmc.org/abstract/MED/19683692
http://dx.doi.org/10.1016/j.ajog.2009.06.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19683692&dopt=Abstract
http://dx.doi.org/10.1016/j.wombi.2015.11.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26626592&dopt=Abstract
https://www.mdpi.com/resolver?pii=nu9010073
http://dx.doi.org/10.3390/nu9010073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28106758&dopt=Abstract
https://mhealth.jmir.org/2019/6/e12631/
http://dx.doi.org/10.2196/12631
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31215516&dopt=Abstract
http://europepmc.org/abstract/MED/25712127
http://dx.doi.org/10.1111/1552-6909.12552
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25712127&dopt=Abstract
https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/s12884-018-1767-4
http://dx.doi.org/10.1186/s12884-018-1767-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29743026&dopt=Abstract
https://mhealth.jmir.org/2018/8/e10012/
http://dx.doi.org/10.2196/10012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30093368&dopt=Abstract
https://mhealth.jmir.org/2018/4/e109/
http://dx.doi.org/10.2196/mhealth.8834
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29691216&dopt=Abstract
https://mhealth.jmir.org/2018/4/e77/
http://dx.doi.org/10.2196/mhealth.9303
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29695373&dopt=Abstract
https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/s12884-019-2575-1
http://dx.doi.org/10.1186/s12884-019-2575-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31752771&dopt=Abstract
http://europepmc.org/abstract/MED/28586887
http://europepmc.org/abstract/MED/28586887
http://dx.doi.org/10.1001/jama.2017.3635
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28586887&dopt=Abstract
http://europepmc.org/abstract/MED/22596383
http://dx.doi.org/10.1136/bmj.e2088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22596383&dopt=Abstract
https://books.google.com.au/books?id=jAAwbDUnH4MC
https://www.nice.org.uk/guidance/cg62/resources/antenatal-care-for-uncomplicated-pregnancies-pdf-975564597445
https://www.nice.org.uk/guidance/cg62/resources/antenatal-care-for-uncomplicated-pregnancies-pdf-975564597445
http://www.w3.org/Style/XSL
http://www.renderx.com/


26. Clinical Practice Guidelines: Pregnancy Care. Australia: Australian Government Department of Health; 2018. URL: https:/
/www.health.gov.au/resources/publications/pregnancy-care-guidelines [accessed 2020-05-08]

27. Bland C, Dalrymple KV, White SL, Moore A, Poston L, Flynn AC. Smartphone applications available to pregnant women
in the United Kingdom: An assessment of nutritional information. Matern Child Nutr 2020 Apr;16(2):e12918 [FREE Full
text] [doi: 10.1111/mcn.12918] [Medline: 31833237]

28. Victora CG, Bahl R, Barros AJD, França GVA, Horton S, Krasevec J, et al. Breastfeeding in the 21st century: epidemiology,
mechanisms, and lifelong effect. The Lancet 2016 Jan;387(10017):475-490. [doi: 10.1016/s0140-6736(15)01024-7]

29. Tang K, Gerling K, Chen W, Geurts L. Information and Communication Systems to Tackle Barriers to Breastfeeding:
Systematic Search and Review. J Med Internet Res 2019 Sep 27;21(9):e13947 [FREE Full text] [doi: 10.2196/13947]
[Medline: 31573903]

30. Deave T, Ginja S, Goodenough T, Bailey E, Piwek L, Coad J, et al. The Bumps and BaBies Longitudinal Study (BaBBLeS):
a multi-site cohort study of first-time mothers to evaluate the effectiveness of the Baby Buddy app. Mhealth 2019;5:42
[FREE Full text] [doi: 10.21037/mhealth.2019.08.05] [Medline: 31620469]

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 Mar 11;3(1):e27 [FREE Full text] [doi:
10.2196/mhealth.3422] [Medline: 25760773]

32. Michie S, Ashford S, Sniehotta FF, Dombrowski SU, Bishop A, French DP. A refined taxonomy of behaviour change
techniques to help people change their physical activity and healthy eating behaviours: the CALO-RE taxonomy. Psychol
Health 2011 Nov;26(11):1479-1498. [doi: 10.1080/08870446.2010.540664] [Medline: 21678185]

33. Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, PRISMA-P Group. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst Rev 2015 Jan 01;4:1 [FREE Full text]
[doi: 10.1186/2046-4053-4-1] [Medline: 25554246]

34. Brown HM, Bucher T, Collins CE, Rollo ME. A review of pregnancy iPhone apps assessing their quality, inclusion of
behaviour change techniques, and nutrition information. Matern Child Nutr 2019 Jul;15(3):e12768. [doi: 10.1111/mcn.12768]
[Medline: 30569549]

35. Brown HM, Bucher T, Collins CE, Rollo ME. A review of pregnancy apps freely available in the Google Play Store. Health
Promot J Austr 2020 Sep;31(3):340-342. [doi: 10.1002/hpja.270] [Medline: 31225924]

36. Santo K, Richtering SS, Chalmers J, Thiagalingam A, Chow CK, Redfern J. Mobile Phone Apps to Improve Medication
Adherence: A Systematic Stepwise Process to Identify High-Quality Apps. JMIR Mhealth Uhealth 2016 Dec 02;4(4):e132
[FREE Full text] [doi: 10.2196/mhealth.6742] [Medline: 27913373]

37. Furlong L, Morris M, Serry T, Erickson S. Mobile apps for treatment of speech disorders in children: An evidence-based
analysis of quality and efficacy. PLoS One 2018;13(8):e0201513 [FREE Full text] [doi: 10.1371/journal.pone.0201513]
[Medline: 30092095]

38. Salazar A, de Sola H, Failde I, Moral-Munoz JA. Measuring the Quality of Mobile Apps for the Management of Pain:
Systematic Search and Evaluation Using the Mobile App Rating Scale. JMIR Mhealth Uhealth 2018 Oct 25;6(10):e10718
[FREE Full text] [doi: 10.2196/10718] [Medline: 30361196]

39. Safer Baby Bundle Handbook and Resource Guide: Working together to reduce stillbirth. Centre of Research Excellence
Stillbirth. Australia; 2019. URL: https://resources.stillbirthcre.org.au/downloads/SBB+Handbook_Final.pdf [accessed
2020-05-08]

40. Protecting, promoting and supporting breastfeeding in facilities providing maternity and newborn services: implementing
the revised Baby-friendly Hospital Initiative 2018. Geneva: World Health Organization and the United Nations Children’s
Fund (UNICEF); 2018. URL: https://www.who.int/nutrition/publications/infantfeeding/bfhi-implementation-2018.pdf
[accessed 2020-05-08]

41. International code of marketing of breast-milk substitutes. Geneva: World Health Organization; 1981. URL: https://www.
who.int/nutrition/publications/code_english.pdf [accessed 2020-05-10]

42. Tripp N, Hainey K, Liu A, Poulton A, Peek M, Kim J, et al. An emerging model of maternity care: smartphone, midwife,
doctor? Women Birth 2014 Mar;27(1):64-67. [doi: 10.1016/j.wombi.2013.11.001] [Medline: 24295598]

43. Azar KM, Lesser LI, Laing BY, Stephens J, Aurora MS, Burke LE, et al. Mobile applications for weight management:
theory-based content analysis. Am J Prev Med 2013 Nov;45(5):583-589. [doi: 10.1016/j.amepre.2013.07.005] [Medline:
24139771]

44. Cowan LT, Van Wagenen SA, Brown BA, Hedin RJ, Seino-Stephan Y, Hall PC, et al. Apps of steel: are exercise apps
providing consumers with realistic expectations?: a content analysis of exercise apps for presence of behavior change theory.
Health Educ Behav 2013 Apr;40(2):133-139. [doi: 10.1177/1090198112452126] [Medline: 22991048]

45. Rivera J, McPherson A, Hamilton J, Birken C, Coons M, Iyer S, et al. Mobile Apps for Weight Management: A Scoping
Review. JMIR Mhealth Uhealth 2016 Jul 26;4(3):e87 [FREE Full text] [doi: 10.2196/mhealth.5115] [Medline: 27460502]

46. Medical Subject Headings. USA: National Library of Medicine; 2020. URL: https://www.nlm.nih.gov/mesh/meshhome.
html [accessed 2020-05-26]

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 11 | e22340 | p. 10http://mhealth.jmir.org/2020/11/e22340/
(page number not for citation purposes)

Musgrave et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://www.health.gov.au/resources/publications/pregnancy-care-guidelines
https://www.health.gov.au/resources/publications/pregnancy-care-guidelines
http://europepmc.org/abstract/MED/31833237
http://europepmc.org/abstract/MED/31833237
http://dx.doi.org/10.1111/mcn.12918
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31833237&dopt=Abstract
http://dx.doi.org/10.1016/s0140-6736(15)01024-7
https://www.jmir.org/2019/9/e13947/
http://dx.doi.org/10.2196/13947
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31573903&dopt=Abstract
https://doi.org/10.21037/mhealth.2019.08.05
http://dx.doi.org/10.21037/mhealth.2019.08.05
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31620469&dopt=Abstract
https://mhealth.jmir.org/2015/1/e27/
http://dx.doi.org/10.2196/mhealth.3422
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25760773&dopt=Abstract
http://dx.doi.org/10.1080/08870446.2010.540664
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21678185&dopt=Abstract
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/2046-4053-4-1
http://dx.doi.org/10.1186/2046-4053-4-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25554246&dopt=Abstract
http://dx.doi.org/10.1111/mcn.12768
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30569549&dopt=Abstract
http://dx.doi.org/10.1002/hpja.270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31225924&dopt=Abstract
https://mhealth.jmir.org/2016/4/e132/
http://dx.doi.org/10.2196/mhealth.6742
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27913373&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0201513
http://dx.doi.org/10.1371/journal.pone.0201513
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30092095&dopt=Abstract
https://mhealth.jmir.org/2018/10/e10718/
http://dx.doi.org/10.2196/10718
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30361196&dopt=Abstract
https://resources.stillbirthcre.org.au/downloads/SBB+Handbook_Final.pdf
https://www.who.int/nutrition/publications/infantfeeding/bfhi-implementation-2018.pdf
https://www.who.int/nutrition/publications/code_english.pdf
https://www.who.int/nutrition/publications/code_english.pdf
http://dx.doi.org/10.1016/j.wombi.2013.11.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24295598&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2013.07.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24139771&dopt=Abstract
http://dx.doi.org/10.1177/1090198112452126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22991048&dopt=Abstract
https://mhealth.jmir.org/2016/3/e87/
http://dx.doi.org/10.2196/mhealth.5115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27460502&dopt=Abstract
https://www.nlm.nih.gov/mesh/meshhome.html
https://www.nlm.nih.gov/mesh/meshhome.html
http://www.w3.org/Style/XSL
http://www.renderx.com/


Abbreviations
CALO-RE: Coventry, Aberdeen, and London—Refined
MARS: Mobile Application Rating Scale
mHealth: mobile health
WHO: World Health Organization

Edited by G Eysenbach, L Buis; submitted 09.07.20; peer-reviewed by H Cheng, E Neter; comments to author 17.08.20; revised
version received 22.09.20; accepted 26.10.20; published 16.11.20

Please cite as:
Musgrave LM, Kizirian NV, Homer CSE, Gordon A
Mobile Phone Apps in Australia for Improving Pregnancy Outcomes: Systematic Search on App Stores
JMIR Mhealth Uhealth 2020;8(11):e22340
URL: http://mhealth.jmir.org/2020/11/e22340/
doi: 10.2196/22340
PMID: 33196454

©Loretta M Musgrave, Nathalie V Kizirian, Caroline S E Homer, Adrienne Gordon. Originally published in JMIR mHealth and
uHealth (http://mhealth.jmir.org), 16.11.2020. 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 mHealth and uHealth, is properly cited. The complete
bibliographic information, a link to the original publication on http://mhealth.jmir.org/, as well as this copyright and license
information must be included.

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 11 | e22340 | p. 11http://mhealth.jmir.org/2020/11/e22340/
(page number not for citation purposes)

Musgrave et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://mhealth.jmir.org/2020/11/e22340/
http://dx.doi.org/10.2196/22340
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33196454&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

