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Abstract

Background: Digital health resources have the potential to assist women in optimizing gestational weight gain (GWG) during
pregnancy to improve maternal health outcomes.

Objective: In this study, we aimed to evaluate the quality and behavior change potential of publicly available digital tools
(websites and apps) that facilitate GWG tracking.

Methods: Digital tools were identified using key search terms across website search engines and app stores and evaluated using
the Mobile App Rating Scale, the App Behavior Change Scale, as well as criteria to evaluate the rigor and safety of GWG
information.

Results: Overall, 1085 tools were screened for inclusion (162 websites and 923 apps), and 19 were deemed eligible. The mean
Mobile App Rating Scale quality score was 3.31 (SD 0.53) out of 5, ranging from 2.26 to 4.39, and the mean App Behavior
Change Scale score was 6 (SD 3.4) out of 21, ranging from 19 to 0. Of the 19 items used to evaluate rigor of GWG advice, most
tools (n=11, 57.9%) contained ≤3 items.

Conclusions: This review emphasizes the substantial limitations in current digital resources promoting the monitoring and
optimization of GWG. Most tools were of low quality, had minimal behavior change potential, and were potentially unsafe, with
minimal linkage to evidence-based information or partnership with health care.

(J Med Internet Res 2022;24(11):e37552) doi: 10.2196/37552
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Introduction

Gestational Weight Gain: An Overview
During pregnancy, gestational weight gain (GWG) is essential
to ensure the development of a healthy fetus [1]. However,
GWG below or above the recommendations is associated with
an increased risk of negative pregnancy outcomes and neonatal
conditions or complications [1-6]. Epidemiological data in over
1 million pregnancies globally reported GWG below or above
the recommended thresholds in 23% and 47% of all pregnancies,
respectively [7]. The associated risks of GWG below
recommendations include preterm birth and the delivery of a
small-for-gestational-age infant, whereas excessive GWG above
recommendations was associated with cesarean section,
macrosomia, and the delivery of a large-for-gestational-age
infant [6-8]. Long-term, excessive GWG is associated with
intergenerational adverse health risks, including obesity,
cardiovascular disease, and type 2 diabetes [1-5]. Therefore,
optimizing GWG during pregnancy in line with
recommendations is a global health priority.

Digital Health Engagement During Pregnancy
Digital health, including internet-based information and mobile
Health (mHealth) apps, have become popular and widely used
sources of health information for pregnant women, often
replacing traditional paper-based and supplementing face-to-face
health professional consultations [9-12]. However, the
attainment of credible internet health or mHealth information
is reliant on consumer health literacy and the ability to judge
the quality and accuracy of information. Given the tendency of
consumers to trust digital health information [13], this is
problematic, as health information is not always reliable or
current and can be confusing, overwhelming, and at times
potentially harmful [12].

During pregnancy, freely accessible web-based resources,
including trackers, calculators, or graphs, to record and
self-monitor GWG have the potential to assist women in
identifying whether weight gain is outside the recommended
thresholds. In conjunction with the promotion of healthy lifestyle
behaviors, these web-based resources have the potential to assist
women in achieving healthy GWG [14-16]. However, there is
currently limited information about the type of tools available,
their format (ie, web-based application or mobile app) and
functionality, credibility of the information provided, or their
ability to guide behavior change to positively impact GWG.
Evaluating digital tools that are publicly available to women to
monitor GWG during pregnancy is a critical gap to address,
given the risk of complications associated with excessive or
inadequate GWG and the need to ensure credible and reliable
self-monitoring tools for women during this time. Previous
research in this area is limited to evaluations of mobile apps
only and is primarily based on functionality [17] or a narrow
evaluation of selected apps based on predefined pregnancy
topics [18].

In this study, we aimed to evaluate the quality and behavior
change potential of publicly available digital tools (websites
and apps) that facilitate GWG tracking. Given the benefits of
self-weighing for weight management [16] and the high use of

digital health information during pregnancy [9-11], there is a
need to examine and review what is currently available to ensure
that pregnant women are being provided with evidence-based
information and tools that align with GWG recommendations.

Methods

The methods of this study have been informed by previous
reviews exploring the quality, features, functions, behavior
change capacity, and quality of digital applications and resources
[19-23].

Systematic Search
Searches were conducted in an Australian web browser using
website search engines (Google, BING, and Yahoo) and mobile
app stores (Apple AppStore, iOS and Google Play, Android)
using a combination of search terms emulating terms likely used
by end users, including pregnancy weight, pregnancy weight
tracker, pregnancy weight gain calculator, pregnancy weight
graph (website searches), and pregnancy weight, pregnancy
weight tracker, and gestational weight tracker (app searches).
Search terms were developed by a multidisciplinary team
comprising obstetrics and gynecology (O&G), midwifery,
nursing, dietetics and nutrition, and exercise physiology. Each
search term combination was entered individually in the search
engine. For websites, the first 2 pages of results for each search
term were screened for inclusion, similar to previous studies
[19,24,25]. For apps, searches were entered into the Google
Play and Apple App Store databases without any specified
search categories. All the retrieved app search results were
screened for inclusion. One reviewer (BRB) independently
reviewed all results, with a 100% cross-check of websites and
50% cross-check of apps completed by 2 additional independent
reviewers (CLH and RMG).

Inclusion Criteria and Selection Process
Websites and apps were included according to the following
criteria: publicly available or ability to download (free or paid,
but with free discovery capacity); written in or available in
English; title or description suggested inclusion of tools or
advice or resources relating to pregnancy weight gain; and
weight-tracking tool enabled multiple logs or entries of weight
across pregnancy (ie, not just 1 static weight log).

Apps that met the inclusion criteria were further filtered using
the following app-specific inclusion criteria: updated within 18
months from the search date, May 2021; user rating of ≥4.0
stars if ≥6 months old (apps <6 months were included
irrespective of user rating) as a proxy for app popularity per
previous research [21]; incorporation of a graph or chart or
illustration of GWG (ie, does not merely display the weight as
a numerical value); and presence of surrounding content about
pregnancy health and well-being. Apps that required
downloading to complete this step were screened for inclusion
by 2 researchers (BRB and RMG). If the apps available on
Google Play and Apple AppStore had contrasting user ratings,
the higher rating was carried forward and documented in the
app description results.
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Resource Evaluation

Overview
Eligible websites and apps were randomly allocated to 2
reviewers and independently reviewed on a mobile device. All
reviewers (AC, BRB, MJH, QVH, RMG, and SJdJ) have
expertise in public health and form a multidisciplinary team (ie,
O&G, midwifery, nursing, dietetics and nutrition, and exercise
physiology). Where the same app was available on both Google
Play Store and Apple App Store, app details and descriptions
were reviewed to ensure consistency across the 2 platforms and
downloaded for review on an Apple device. The reviews were
conducted from June to July 2021. Apps were user tested for
evaluation using numerous validated scales and relevant
questions (Multimedia Appendices 1-4) using a mock user
profile. Each app was explored until the reviewer had
familiarized themselves with the functionality and features of
the app, with a user experience consistent with other studies
[21]. Reviewers noted whether the app stopped functioning or
whether the features were not accessible. Following the review,
if there was a contradiction in reviewer responses, a third
independent reviewer was assigned to resolve item or items of
disagreement and establish consensus (BRB, CLH, and RMG).

Collections of user demographic and pregnancy-specific data
were recorded, including username; contact details (name, email,
phone, or other); date of birth or age; country of origin; gestation
(due date, last menstrual cycle, or date of conception); type of
pregnancy (singleton, twin, triplet, etc); parity (first, second,
third, etc); and preconception weight and height.

GWG Criteria
To evaluate the rigor and safety aspects of GWG management
information, GWG-specific criteria were developed by a
multidisciplinary team (Multimedia Appendix 1). The criteria
encompassed 19 items, including reference to published
international guidelines for GWG (ie, National Academy of
Medicine, previously Institute of Medicine [26]) with
personalization according to BMI; warnings, notifications, or
alerts for weight gain detected outside of recommendations;
direction or advice to consult a health professional if logged
GWG was outside of the recommendations; and dietary and
physical activity content and the development of content in
consultation with relevant health professionals (O&G,
midwifery, allied health, etc).

Mobile App Rating Scale
The Mobile App Rating Scale (MARS) is a 23-item evaluation
tool comprising 6 domains (Multimedia Appendix 2):
engagement, functionality, aesthetics, information quality,
subjective quality, and health topic specific [27,28]. Each item
is scored using a 5-point ordinal scale, with a mean score derived
for each domain. The first 4 domains, including engagement
(ie, incorporation of interesting, customizable, and
interactive—eg, sends alerts, messages, reminders, and feedback
and enables sharing—features targeted at the audience);
functionality (ie, ease of use, navigation, flow logic, and gestural
design); aesthetics (ie, graphic design, overall visual appeal,
color scheme, and stylistic consistency); and information quality
(ie, contains high-quality information from a credible source),

are combined and averaged to provide an overall app quality
score out of 5. A subjective quality score between 0 and 20 is
allocated by each reviewer. This section requires the reviewer
to rate whether they would recommend the app to people who
may benefit from using the app, how many times over 12 months
they would use the app if it was relevant to them, whether they
would be willing to pay for the app, and their overall app star
rating. The health topic–specific domain is an optional 5-item
section that can be adjusted to suit the topic area researched (ie,
GWG). This domain aims to assess whether the app is likely to
increase awareness of the importance of addressing GWG,
increase knowledge or understanding of GWG, change attitudes
toward improving GWG, increase intention or motivation to
address GWG, and encourage further help seeking for GWG.

The MARS also includes an App Classification section to obtain
information about technical features (Multimedia Appendix 2).
These items were recorded for descriptive purposes but did not
form part of the functionality rating. These features include the
app rating, obtained via the Google Play or Apple App Store;
the number of app downloads (derived from the Google Play
Store only as of August 2021; the Apple App Store does not
provide app download information, so this information is
precluded); whether the digital tool presented or required
agreement to terms and conditions or a disclaimer; required
log-in; allowed password protection; allowed sharing to social
media; allowed data export; had an app community; sent
reminders; required web access to function; and whether the
digital tool sent push notifications. All applicable criteria were
used for website evaluation, excluding ratings and downloads.

The App Behavior Change Scale
The App Behavior Change Scale (ABACUS) is designed to
evaluate the behavior change potential of smartphone apps and
websites across 4 domains (Multimedia Appendix 3) [22,23].
These include knowledge and information (ie, customized and
personal features, collection of baseline information, and
consequences for continuing or discontinuing behavior); goals
and planning (ie, goal setting, goal reviewing, updating or
changing, and willingness for behavior change); feedback and
monitoring (ie, easy-to-use self-monitoring tools and data
exporting or rewards or incentives); and actions (ie, reminders,
prompts or cues, planning for barriers, and assistance with
distractions or avoidance).

Quality Evaluation
Criteria to evaluate the quality of the health-related digital tools
were developed (Multimedia Appendix 4) and modified from
app review studies in the field authored by our group [19,20].
The criteria include statement of purpose of the app or website;
contact details provided (email, phone, or fax); ownership
disclosure (who owns the app or website); copyright; general
disclosures; general disclaimers; advertisement disclosures;
sponsorship disclosures; author or developer disclosures; author
or developer credentials (credentials and affiliations);
independence of sponsors or funders; references provided; and
type of references provided (a list of types provided, including
meta-analysis, randomized controlled trial, media, government
guideline, or option piece).
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Statistical Analysis
Descriptive statistics (mean and SD) and frequencies (numbers
and percentages) were calculated for all scales applied. The
reported percentages were rounded to the nearest whole number.
Intraclass correlation (ICC) scores were calculated to determine
the agreement between the MARS rating using SPSS statistical
software (version 25; IBM Corp). All analyses were conducted
using SPSS for Windows, with a significance level set at P<.05.
The following previously established categories for expressing
levels of reliability for ICC results were used: high reliability,
0.90 to 0.99; good reliability, 0.80 to 0.89; fair reliability, 0.70
to 0.79; and poor reliability, 0.69 or less [29].

Ethical Considerations
This study does not meet the criteria for human research and
thus did not require oversight from the authors’ institutions.

Results

A total of 1085 digital tools were screened for inclusion across
162 websites and 923 apps. After excluding duplicates, 89 digital
tools were retained for potential inclusion with 19 digital tools
eligible for analysis (Figure 1).

Figure 1. Flowchart of gestational weight gain (GWG) digital tool selection.

Characteristics and Overview of Digital Tools
Table 1 presents the main characteristics of the websites and
apps included in this study; further descriptions of tools are
available in Multimedia Appendix 5. All apps (n=18) were

available on the Google Play Store and 9 were available on both
the Google Play and Apple App Store. The 18 apps had a Google
Play or Apple App Store user-rating score ranging from 4.10
to 4.90, with a mean score of 4.64 (SD 0.22), and had been
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downloaded over 25 million times from the Google Play Store
alone. Most digital tools were associated with commercial
enterprises (17/19, 89%), whereas few were affiliated with
government services (1/19, 5%) and universities (1/19, 5%).
All apps had a free discovery capacity (ability to download and
use without payment), with total downloads per app ranging
from >500 to >10,000,000. Overall, 50% (9/18) of apps had
costs for app subscription and in-app purchases ranging from
Aus $1.99 to $79.99 (US $1.49 to $59.99; Multimedia Appendix
5); however, this did not impact the discoverability of content
or tools reviewed. The website (1/1, 100%) was free to access.

All digital tools were based on information or education (19/19,
100%) and monitoring or tracking (19/19, 100%), and the
majority included advice, tips, and strategies (15/19, 79%). A
small number of tools used assessment (3/19, 16%), feedback
(3/19, 15%), and goal setting (1/19, 5%). Technical aspects
included reminders (11/19, 58%), log-in requirements (11/19,
58%), app communities (5/19, 26%), password protection (4/19,
21%), and sharing options (eg, social media, app to app, or
email; 3/19, 16%). Only the website required web access to
function, with all apps able to be used offline. All collected
information about gestation (19/19, 100%) and most, but not
all, collected preconception weight (16/19, 84%) and height
(14/19, 74%; Table 1).
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Table 1. Technical aspects and characteristics of digital tools for GWG management.

WebbAppaVal-
ue, n
(%)

01181716151413121110090807060504030201

Theoretical background or strategies

✓✓✓✓✓✓✓✓✓✓✓✓✓✓c14
(74)

Ad-
vice or
tips or
strate-
gies or
skills
train-
ing

✓✓✓4
(16)

Assess-
ment

✓✓✓4
(16)

Feed-
back

✓1 (5)Goal
setting

✓✓✓✓✓✓✓✓✓✓✓✓✓✓✓✓✓✓18
(95)

Infor-
mation
or edu-
cation

✓✓✓✓✓✓✓✓✓✓✓✓✓✓✓✓✓✓✓19
(100)

Moni-
toring
or
track-
ing

Technical aspects

✓✓✓✓4
(21)

Al-
lows
shar-
ing
(social
media,
app to
app, or
email)

✓✓✓✓✓5
(26)

App
com-
muni-
ty

✓1 (5)Needs
web
access
to
func-
tion

✓✓✓3
(16)

Pass-
word
protect-
ed

✓✓✓✓✓✓✓✓✓✓10
(53)

Re-
quires
log-in

✓✓✓✓✓✓✓✓✓✓✓11
(58)

Sends
re-
minders
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WebbAppaVal-
ue, n
(%)

01181716151413121110090807060504030201

Information collected

✓✓✓✓✓✓✓✓✓9
(47)

Con-
tact de-
tails

✓✓✓✓4
(21)

Coun-
try or
loca-
tion

✓✓✓✓✓✓6
(32)

Date
of
birth
or age

✓✓✓✓✓✓✓✓✓✓✓11
(58)

Name

Pregnancy-related information collected

✓✓✓✓✓✓✓✓✓✓✓✓✓✓✓✓✓✓✓19
(100)

Gesta-
tion

✓✓✓✓✓✓✓✓✓✓✓✓✓✓14
(74)

Height

✓✓✓✓4
(21)

Preg-
nancy
num-
ber
(ie,
first or
second
etc)

✓✓✓3
(16)

Preg-
nancy
type
(single
or
twins
etc)

✓✓✓✓✓✓✓✓✓✓✓✓✓✓✓15
(79)

Precon-
cep-
tion
weight

aApp: apps included in ths study.
bWeb: website included in this study.
c✓: indicates technical aspects or characteristics present in the digital tool.

GWG Criteria
Gestational weight tracking was a major feature of most digital
tools, displayed prominently to users (15/19, 79%), in line with
our inclusion criteria (Multimedia Appendix 6). In total, 58%
(11/19) of digital tools provided weight recommendations based
on preconception weight and height. All other criteria were
present in less than half of the digital tools. Overall, 47% (9/19)
of tools encouraged an unspecified, healthy diet for optimal
GWG, and 37% (7/19) encouraged nonspecific, regular moderate
physical activity for optimal GWG. Very few (2/19, 11%) tools
alerted the user when their weight gain was outside of the
recommended range, and none directed the user to consult a

health professional if their weight entry was outside the
recommended range. Overall, of the 19 criteria, the majority
(11/19, 58%) contained ≤3 items, with 11% (2/19) having 0
items. The tool that met the most criteria for GWG was Web01
(9 of 19 criteria), followed by App17 (7 of 19 criteria) and
App06 (6 of 19 criteria); the name and description of tools can
be viewed in Multimedia Appendix 5. Refer to Multimedia
Appendix 1 for the complete GWG criteria and definitions.

MARS Results
The specific MARS scores for each digital tool are presented
in Table 2. The overall mean MARS quality score (comprising
engagement, functionality, aesthetics of tool, and the quality of
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general pregnancy-related information domains) ranged from
2.26 (lowest-rated app) to 4.39 (highest-rated app), with a mean
score of 3.17 (SD 0.75). Subjective ratings (ie, reviewer
recommendations, rating, and perceived monetary value) ranged
from mean 3.25 (SD 0.00) to mean 15.50 (SD 0.71), from a
potential score of 20; app-specific ratings (ie, GWG awareness,
knowledge, and understanding of GWG; attitudes toward
improving GWG; intention and motivation to address GWG;
and help seeking for GWG) ranged from 1.00 to 4.50, with most

(15/19, 79%) scores being 2.50 or less. Overall, the best-rated
section was functionality (mean 3.94, SD 0.63), followed by
aesthetics (mean 3.61, SD 0.69) and engagement (mean 3.19,
SD 0.63), compared with app-specific (mean 2.24, SD 0.84)
and information (mean 2.49, SD 0.68) domains, which scored
the lowest. ICC scores ranged from 0.671 (95% CI −0.169 to
0.946) to 0.996 (95% CI 0.076-0.999). Most ICC results showed
either high (10/19, 53%) or good (6/19, 32%) reliability.

Table 2. Mobile App Rating Scale (MARS) scoring.

ICCa (95%
CI)

F (app specif-
ic), mean (SD)

E (subjective),
mean (SD)

D (informa-
tion), mean
(SD)

C (aesthet-
ics), mean
(SD)

B (functionali-
ty), mean (SD)

A (engage-
ment), mean
(SD)

Overall MARS
quality score
(A-D), mean
(SD)

App or
web-
site name

0.935 (0.615
to 0.991)

2.70 (2.40)15.50 (0.71)4.07 (0.51)4.50 (0.24)4.50 (0.71)4.50 (0.71)4.39 (0.54)App06

0.973 (0.824
to 0.996)

2.30 (0.42)13.00 (0.00)2.72 (0.40)5.00 (0.00)4.75 (0.35)3.80 (0.57)4.07 (0.15)App12

0.836 (0.222
to 0.975)

4.50 (0.14)12.50 (3.54)3.79 (0.91)4.00 (0.47)5.00 (0.00)3.20 (0.28)4.00 (0.18)Web01

0.996 (0.976
to 0.999)

2.60 (0.57)3.25 (0.00)2.29 (0.00)4.00 (0.00)4.00 (0.00)4.10 (0.14)3.60 (0.04)App08

0.858 (0.349
to 0.981)

2.00 (0.57)8.00 (1.41)2.50 (0.51)4.34 (0.47)4.13 (0.88)3.30 (0.42)3.56 (0.11)App02

0.972 (0.817
to 0.996)

2.50 (0.42)8.50 (0.71)2.79 (0.10)4.00 (0.00)4.25 (0.00)3.10 (0.14)3.54 (0.01)App01

0.856 (0.285
to 0.978)

2.30 (0.99)10.00 (2.83)2.72 (0.21)4.34 (0.94)3.50 (0.35)3.50 (0.14)3.51 (0.24)App14

0.972 (0.999
to 0.817)

3.20 (0.28)11.50 (0.71)2.72 (0.21)3.33 (0.00)3.88 (0.18)3.70 (0.14)3.41 (0.06)App05

0.873 (0.349
to 0.981)

1.70 (0.42)7.50 (2.12)2.22 (0.30)4.00 (0.00)4.25 (0.35)3.10 (0.42)3.39 (0.27)App03

0.995 (0.962
to 0.999)

3.50 (0.14)12.50 (0.71)2.43 (0.00)3.50 (0.24)4.00 (0.00)3.60 (0.00)3.38 (0.06)App17

0.957 (0.729
to 0.994)

2.60 (0.57)9.50 (0.71)3.22 (0.30)3.33 (0.00)3.63 (0.53)3.20 (0.57)3.34 (0.08)App09

0.950 (0.693
to 0.993)

1.60 (0.28)10.00 (1.41)2.50 (0.10)3.50 (0.24)3.50 (0.00)3.50 (0.71)3.25 (0.10)App15

0.859 (0.296
to 0.979)

1.60 (0.57)7.00 (1.41)2.00 (0.00)3.50 (1.17)3.88 (0.18)3.20 (0.28)3.14 (0.41)App07

0.711 (−0.095
to 0.954)

1.70 (0.14)5.50 (2.12)2.43 (0.40)3.00 (0.95)3.50 (0.71)2.90 (0.71)2.96 (0.69)App11

0.713 (−0.090
to 0.954)

1.30 (0.42)6.00 (2.83)1.57 (0.00)3.33 91.41)4.38 (0.88)2.10 (0.14)2.85 (0.62)App10

0.972 (0.815
to 0.996)

1.90 (0.14)7.00 (0.00)1.86 (0.40)3.00 (0.00)3.88 (0.18)2.60 (0.57)2.84 (0.01)App13

0.864 (0.315
to 0.980)

1.50 (0.71)5.50 (0.71)2.22 (0.50)2.84 (0.23)3.13 (0.18)2.80 (0.00)2.75 (0.02)App16

0.671 (−0.169
to 0.946)

2.00 (1.13)6.50 (3.54)1.79 (1.11)2.50 (0.71)3.63 (0.53)2.50 (0.99)2.60 (0.83)App18

0.938 (0.627
to 0.991)

1.00 (0.00)4.00 (0.00)1.43 (0.40)2.50 (0.24)3.13 (0.18)2.00 (0.57)2.26 (0.26)App04

aICC: intraclass correlation; agreement between reviewers (A-F).
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ABACUS Results
The overall ABACUS score was 6 (SD 3.6) of 21 (Table 3).
Four behavior change techniques were most prominent, which
were included in >50% of the apps. These techniques or
functions included the ability to customize and personalize some
features (19/19, 100%), the collection of baseline information
(ie, user information or personal details; 16/19, 84%), allowing
the user to easily self-monitor behavior (13/19, 68%) and

providing instructions on how to perform a behavior (10/19,
53%). These and other didactic or simple techniques such as
instructions, data export, and sending of reminders were much
more frequent than interactive functions such as goal setting
(1/19, 5%), encouragement (0/19, 0%), providing material or
social rewards (0/19, 0%), and ascertaining willingness to
change (0/19, 0%). The top tools for behavior change potential
were App06 (scoring 16/21), App08 (scoring 11/21), App17
(scoring 9/21), and Web01 (scoring 9/21).

Table 3. Performance on App Behavior Change Scale (ABACUS) criteria (most to least frequently used).

Value, n (%)Behavior change techniquea

19 (100)Customize and personalize some features

16 (84)Baseline information

13 (68)Allow the user to easily self-monitor behavior

10 (53)Provide instruction on how to perform the behavior

8 (42)Reminders or prompts or cues for activity (on app)

7 (37)Data export

7 (37)Information provided about the consequences of continuing or discontinuing behavior

5 (26)Give user feedback (person or automatic)

4 (21)Allow or encourage practice or rehearsal in addition to daily activities

4 (21)Created with expertise or information consistent with national guidelines

4 (21)Restructure the physical or social environment

3 (16)Encourage positive habit formation

3 (16)Provide the opportunity to plan for barriers

3 (16)Share behaviors with others or allow for social comparison

3 (16)Understand the difference between current action and future goals

2 (11)Distraction or avoidance

2 (11)Review goals, update, and change

1 (5)Goal setting

0 (0)Provide general encouragement

0 (0)Material or social reward or incentive

0 (0)Willingness for behavior change

aApp Behavior Change Scale average score: mean 6 (SD 4) out of 21.

Quality Evaluation
Most (16/19, 84%) digital tools had a statement of purpose and
all, with the exception of one (18/19, 95%), provided developer
or author contact details. Ownership disclosure and copyright
statements (14/19, 78%), advertisement disclosure (13/19, 68%),
and author or developer disclosure (12/19, 63%) were present
in most of the digital tools. No tool provided information to
ascertain the independence of sponsors or funders (0/19, 0%);
5% (1/19) provided a sponsorship disclosure and 11% (2/19)
outlined author or developer credentials, which included
academics and O&G. Overall, 21% (4/19) of digital tools
contained references (Multimedia Appendix 7). App06 met the
most quality criteria (14 of 21), followed by App05 (9 of 21),
and Web01 (9 of 21).

Discussion

Principal Findings
Women are increasingly engaging with digital resources for
health guidance, including healthy lifestyles and weight gain
during pregnancy. A systematic search approach identified
current and publicly available websites and mobile apps that
contain tools and resources to monitor GWG. Those included
were reviewed based on their quality, features and functions;
behavior change potential; the credibility, quality, and safety
of the health-related information provided; and their ability to
highlight the importance of optimizing GWG. Across 19 eligible
digital tools, we found that the majority reported features
including pregnancy-related education, advice, monitoring, and
tracking of GWG. Despite this, the quality of information related
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to GWG was poor, and limited ability to guide behavior change
for optimized GWG was found. Advice related to achieving
healthy GWG was present in ≤50% of the apps. Overall, this
advice was nonspecific in nature and unlikely to be associated
with evidence-based information. We found minimal likelihood
of resources to alert, provide support, or direct women into
partnerships with their health care provider if GWG was outside
the recommended thresholds. These results emphasize a missed
opportunity in information provision and support to safely
optimize health behaviors and GWG for women. There is a
critical need to improve the quality and regulation of publicly
accessible web-based resources informed by health care, policy,
and consumer needs during pregnancy.

Pregnancy presents a unique opportunity in which women are
motivated to optimize lifestyle behaviors to ensure favorable
health outcomes for themselves and their baby [30]. Optimizing
diet, physical activity, and ultimately GWG during pregnancy
reduces adverse outcomes for mother and baby and confers
protective maternal and intergenerational benefits [30-32]. Our
results support a mobilization of women during this time in
engagement with health resources, with over 25 million
downloads observed across the 18 apps included in this review.
Associated consumer user ratings for apps were very high;
however, it is not clear what aspects were most appealing and
why. Recent qualitative research exploring consumer preferences
and experiences with mHealth apps for maternal health reported
that functionality and technical ability features were perceived
to be of highest value to women [33]. Consumers reported an
increased likelihood to use apps that were free or low-cost,
aesthetically pleasing, and with minimal technological barriers
[33]. However, little emphasis was placed on the quality or
credibility of information by consumers when prompted, and
there was little desire to obtain and ensure evidence-based
information was received [33]. This may potentially explain
the high user ratings of the apps included here. On evaluation,
MARS domains related to visual appeal, engagement, and
functionality scored the highest overall compared with domains
related to content specificity, in line with previous research
evaluating pregnancy-related apps [18]. Interestingly, although
not captured on the scales applied in this study, we observed
that functionality was impeded in several apps by mandatory
viewing of advertisements contingent on accessing free features,
information, or moving between pages. However, it is unclear
whether this impacted the highly scored user ratings overall.

In the absence of availability of a framework to evaluate safety
features within web-based resources, we built on our previous
research [19,20] and included a checklist to rigorously evaluate
the presence of features related to GWG management. These
included consultation with relevant health care providers in
content development, linkage to clinical practice guidelines for
pregnancy care and guidelines for GWG, evaluation of
surrounding content to promote healthy GWG, and in-built
alerts if GWG entries are outside of the recommended range.
Overall, we found that only 10% disclosed development in
consultation with O&G expertise, 10% used adequate
referencing for GWG guidelines, 10% included an alert for
GWG outside of recommendations based on preconception
weight and height, and none advised health care consultation

if GWG was outside of recommendations. These results
emphasize a near-complete absence of components related to
safety within currently available web-based resources,
mandating a critical need to improve regulatory control in this
field [34,35]. Previous research in over 1 million pregnancies
worldwide demonstrated an increase in adverse outcomes for
both mother and baby when GWG is below or above
international recommendations, compared with GWG within
recommended thresholds [7]. Level 1 evidence demonstrates
optimized GWG and improved maternal outcomes following
antenatal lifestyle intervention, and there is now a strong
mandate for the implementation of effective strategies in routine
care [36]. With increased engagement in and availability of
resources to monitor GWG, it is essential that evidence-based
information and recommendations are made available to support
women, with effective translation of health information
congruent with the current guidelines to minimize potential
harm.

Using the validated ABACUS framework, we evaluated the
capacity of the included apps to guide and support behavior
change [23] toward the optimization of GWG. Our results
demonstrate that beyond the ability to personalize adaptable
features within apps with user information or personal data,
scores for the capacity to change behavior were poor overall.
Behavioral techniques common to healthy lifestyle change [37],
including goal setting, problem solving, provision of
consequences related to the target behavior, habit formation,
and social and environmental antecedents of behavior, were
rarely present. This is reflective of findings within previous
non–pregnancy-related research [38] and pregnancy-related
research specific to exercise and physical activity [21]. Further
research is needed to fully elucidate which behavioral
components embedded within web-based resources are effective
in changing behavior [38]. This is particularly significant in the
context of the burgeoning availability and use of health apps,
yet for developers minimal evaluation of efficacy in changing
health behaviors or improving health outcomes is required [38].

Altogether, our results highlight several areas of concern,
culminating in a missed opportunity to support and guide women
during this formative life phase of increased health care needs.
First, despite increasing awareness, there is little regulatory
control currently in place for digital health resources that are
publicly available, which is an area warranting improvement.
A recent Australian review highlighted the complexities between
developer and consumer considerations and the involvement of
multiple, siloed sectors, traversing medical, privacy, advertising,
finance, and digital content as barriers to improving regulations
to ensure consumer safety [39]. Of the policy documentation
available, the review found a focus on the commercial loss or
gains related to regulation over and above consumer safety,
with consumers ultimately assigned as the primary evaluator in
selecting safe and credible apps [39]. Given that women may
base their engagement on functionality and aesthetics aspects
within apps [33], there is a need to develop resources that can
inform women about the quality, credibility, and safety of apps
in a reliable, easy, and transparent way. This could include
independent certification or endorsements not dissimilar to
currently available entities, such as Health on the Net or similar
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[21,40]. Second, given that resources were likely to be more
based on function and aesthetics, it is not unreasonable to
conclude that entertainment and gamification came at the
expense of credible information and support for women.
Frequent exposure to advertisements highlights the potential
for exploitation of women when using resources with exposure
to potentially harmful information and imagery, underscoring
the need for improved regulation and distinction between apps
for entertainment and those for health information provision.
Finally, in improving content quality within apps, improved
partnership among commercial developers, policy makers, the
health care sector, and with women, the consumers, at the
forefront is required. Co-design of resources must occur to
ensure a balance between the valued consumer attributes of
apps alongside evidence-based information and effective
behavior change techniques delivered in a way that women
value as engaging, trustworthy, and safe. Previous research
suggests that involving relevant expertise in app development
does not compromise user downloads of apps, suggesting that
quality can be optimized without compromising popularity [41].

Strengths and Limitations
This study had several strengths and limitations. To ensure that
we captured the available digital health resources for GWG, we
used a robust search strategy across both websites and mHealth
apps with minimal exclusion criteria, reflective of our search
results. By reviewing current digital tools using the validated
MARS and ABACUS tools, questions specific to GWG as well
as evaluation of credibility of health-related information, we
were able to evaluate technical features and quality as well as

the behavior change potential and health information. We
applied safety criteria specific to GWG management based on
our previous publications [19,20] and tested all weight trackers
for their ability to digitally summarize GWG, provide
personalized feedback according to GWG, and alert and direct
women to health care provision if GWG was outside
recommendations. Owing to inconsistent search terms used for
pregnancy and weight management across Google Play Store
and Apple App Store, it is possible that some apps may have
been inadvertently missed. Furthermore, a search for digital
resources cannot be replicated due to the rapidly changing
market and time-dependent popularity, which warrants the need
for the development of validated search frameworks in this field.

Conclusions
This review emphasizes the substantial limitations in publicly
available consumer-facing digital resources for monitoring and
optimizing GWG. Most tools reviewed were of low quality
overall, had minimal ability to support behavior change, and
were potentially unsafe, with minimal linkage to evidence-based
information or partnership with health care. When women
require increased support for health optimization, these results
emphasize the minimal likelihood of currently available
resources to positively influence GWG or, ultimately, health
outcomes during this time. Owing to the extensive use of
publicly available digital tools, these findings underscore the
critical need for better linkage among health, research, and
commercial sectors to design apps that are high quality across
visual appeal, functionality, credibility, safety, and effectiveness
in lifestyle modification and self-management of GWG.

Acknowledgments
The authors have received no specific funding for this study. Other funding support is as follows. BRB is supported by a Monash
Graduate Scholarship and received funding support from Medibank. CLH is supported by a National Health and Medical Research
Council Centres of Research Excellence Health in Preconception and Pregnancy Senior Postdoctoral Fellowship (APP1171142).
SJdJ is supported by a Metro North Health Clinician Research Fellowship. HJT is supported by a Medical Research Future Fund
and National Health and Medical Research Council Fellowship.

Authors' Contributions
BRB, CLH, JAB, and RMG conceptualized and refined the research idea. CLH and HJT were responsible for funding to support
the work. BRB, CLH, MJH, JAB, and RMG designed the study. BRB, CLH, and RMG conducted the literature search and
screening of tools. BRB, MJH, SJdJ, AC, QVH, RMG, and CLH conducted data extraction and preparation; BRB synthesized
data and conducted statistical analyses. All authors assisted in the interpretation of the analyses, had intellectual input into
manuscript and reviewed and approved the manuscript. BRB prepared the manuscript. CLH and RMG supervised this work and
CLH has overall responsibility for the work and is the corresponding author.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Gestational weight gain criteria.
[DOCX File , 18 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Mobile App Rating Scale.
[DOCX File , 50 KB-Multimedia Appendix 2]

J Med Internet Res 2022 | vol. 24 | iss. 11 | e37552 | p. 11https://www.jmir.org/2022/11/e37552
(page number not for citation purposes)

Brammall et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v24i11e37552_app1.docx&filename=45ef3e49712fb2f5f2520660e4f10208.docx
https://jmir.org/api/download?alt_name=jmir_v24i11e37552_app1.docx&filename=45ef3e49712fb2f5f2520660e4f10208.docx
https://jmir.org/api/download?alt_name=jmir_v24i11e37552_app2.docx&filename=a77d942ef166c055f3f6fab5d9d6a4e2.docx
https://jmir.org/api/download?alt_name=jmir_v24i11e37552_app2.docx&filename=a77d942ef166c055f3f6fab5d9d6a4e2.docx
http://www.w3.org/Style/XSL
http://www.renderx.com/


Multimedia Appendix 3
App Behavior Change Scale.
[DOCX File , 23 KB-Multimedia Appendix 3]

Multimedia Appendix 4
Quality evaluation criteria.
[DOCX File , 22 KB-Multimedia Appendix 4]

Multimedia Appendix 5
Description of digital tools for gestational weight gain management (results table).
[DOCX File , 15 KB-Multimedia Appendix 5]

Multimedia Appendix 6
Performance on gestational weight gain (GWG) quality questions (inclusion of GWG-specific tools or features; results figure).
[PNG File , 67 KB-Multimedia Appendix 6]

Multimedia Appendix 7
Performance on quality evaluation (results table).
[DOCX File , 14 KB-Multimedia Appendix 7]

References

1. Gilmore LA, Klempel-Donchenko M, Redman LM. Pregnancy as a window to future health: excessive gestational weight
gain and obesity. Semin Perinatol 2015 Jun;39(4):296-303 [FREE Full text] [doi: 10.1053/j.semperi.2015.05.009] [Medline:
26096078]

2. Curhan GC, Chertow GM, Willett WC, Spiegelman D, Colditz GA, Manson JE, et al. Birth weight and adult hypertension
and obesity in women. Circulation 1996 Sep 15;94(6):1310-1315. [doi: 10.1161/01.cir.94.6.1310] [Medline: 8822985]

3. Curhan GC, Willett WC, Rimm EB, Spiegelman D, Ascherio AL, Stampfer MJ. Birth weight and adult hypertension,
diabetes mellitus, and obesity in US men. Circulation 1996 Dec 15;94(12):3246-3250. [doi: 10.1161/01.cir.94.12.3246]
[Medline: 8989136]

4. Whincup PH, Kaye SJ, Owen CG, Huxley R, Cook DG, Anazawa S, et al. Birth weight and risk of type 2 diabetes: a
systematic review. JAMA 2008 Dec 24;300(24):2886-2897. [doi: 10.1001/jama.2008.886] [Medline: 19109117]

5. Gluckman PD, Hanson MA, Cooper C, Thornburg KL. Effect of in utero and early-life conditions on adult health and
disease. N Engl J Med 2008 Jul 03;359(1):61-73 [FREE Full text] [doi: 10.1056/NEJMra0708473] [Medline: 18596274]

6. 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]

7. Goldstein RF, Abell SK, Ranasinha S, Misso ML, Boyle JA, Harrison CL, et al. Gestational weight gain across continents
and ethnicity: systematic review and meta-analysis of maternal and infant outcomes in more than one million women. BMC
Med 2018 Aug 31;16(1):153 [FREE Full text] [doi: 10.1186/s12916-018-1128-1] [Medline: 30165842]

8. Beyerlein A, Schiessl B, Lack N, von Kries R. Associations of gestational weight loss with birth-related outcome: a
retrospective cohort study. BJOG 2011 Jan;118(1):55-61. [doi: 10.1111/j.1471-0528.2010.02761.x] [Medline: 21054761]

9. Kennedy RA, Mullaney L, Reynolds CM, Cawley S, McCartney DM, Turner MJ. 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]

10. Kraschnewski JL, Chuang CH, Poole ES, 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]

11. 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):313-318. [doi: 10.1071/PY13039] [Medline: 23899373]

12. Sayakhot P, Carolan-Olah M. Internet use by pregnant women seeking pregnancy-related information: a systematic review.
BMC Pregnancy Childbirth 2016 Mar 28;16:65 [FREE Full text] [doi: 10.1186/s12884-016-0856-5] [Medline: 27021727]

13. Mead N, Varnam R, Rogers A, Roland M. What predicts patients' interest in the internet as a health resource in primary
care in England? J Health Serv Res Policy 2003 Jan;8(1):33-39. [doi: 10.1177/135581960300800108] [Medline: 12683432]

14. Zheng Y, Klem ML, Sereika SM, Danford CA, Ewing LJ, Burke LE. Self-weighing in weight management: a systematic
literature review. Obesity (Silver Spring) 2015 Feb;23(2):256-265 [FREE Full text] [doi: 10.1002/oby.20946] [Medline:
25521523]

J Med Internet Res 2022 | vol. 24 | iss. 11 | e37552 | p. 12https://www.jmir.org/2022/11/e37552
(page number not for citation purposes)

Brammall et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v24i11e37552_app3.docx&filename=4aa65cb93100c6834e3699e82d13bf36.docx
https://jmir.org/api/download?alt_name=jmir_v24i11e37552_app3.docx&filename=4aa65cb93100c6834e3699e82d13bf36.docx
https://jmir.org/api/download?alt_name=jmir_v24i11e37552_app4.docx&filename=09649d11aa128ecd0960dbd60f88a886.docx
https://jmir.org/api/download?alt_name=jmir_v24i11e37552_app4.docx&filename=09649d11aa128ecd0960dbd60f88a886.docx
https://jmir.org/api/download?alt_name=jmir_v24i11e37552_app5.docx&filename=e965bdf4288281b7078f0373c28906f4.docx
https://jmir.org/api/download?alt_name=jmir_v24i11e37552_app5.docx&filename=e965bdf4288281b7078f0373c28906f4.docx
https://jmir.org/api/download?alt_name=jmir_v24i11e37552_app6.png&filename=b38cfa14ad2f45ce5224b8cc33572998.png
https://jmir.org/api/download?alt_name=jmir_v24i11e37552_app6.png&filename=b38cfa14ad2f45ce5224b8cc33572998.png
https://jmir.org/api/download?alt_name=jmir_v24i11e37552_app7.docx&filename=2093b624c2c20d07e8419fac849c524d.docx
https://jmir.org/api/download?alt_name=jmir_v24i11e37552_app7.docx&filename=2093b624c2c20d07e8419fac849c524d.docx
https://europepmc.org/abstract/MED/26096078
http://dx.doi.org/10.1053/j.semperi.2015.05.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26096078&dopt=Abstract
http://dx.doi.org/10.1161/01.cir.94.6.1310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8822985&dopt=Abstract
http://dx.doi.org/10.1161/01.cir.94.12.3246
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8989136&dopt=Abstract
http://dx.doi.org/10.1001/jama.2008.886
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19109117&dopt=Abstract
https://europepmc.org/abstract/MED/18596274
http://dx.doi.org/10.1056/NEJMra0708473
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18596274&dopt=Abstract
https://europepmc.org/abstract/MED/28586887
https://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
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-018-1128-1
http://dx.doi.org/10.1186/s12916-018-1128-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30165842&dopt=Abstract
http://dx.doi.org/10.1111/j.1471-0528.2010.02761.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21054761&dopt=Abstract
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
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://dx.doi.org/10.1071/PY13039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23899373&dopt=Abstract
https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/s12884-016-0856-5
http://dx.doi.org/10.1186/s12884-016-0856-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27021727&dopt=Abstract
http://dx.doi.org/10.1177/135581960300800108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12683432&dopt=Abstract
https://doi.org/10.1002/oby.20946
http://dx.doi.org/10.1002/oby.20946
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25521523&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


15. Chuang CH, Stengel MR, Hwang SW, Velott D, Kjerulff KH, Kraschnewski JL. Behaviours of overweight and obese
women during pregnancy who achieve and exceed recommended gestational weight gain. Obes Res Clin Pract
2014;8(6):e577-e583 [FREE Full text] [doi: 10.1016/j.orcp.2013.12.254] [Medline: 25434913]

16. Phelan S, Jankovitz K, Hagobian T, Abrams B. Reducing excessive gestational weight gain: lessons from the weight control
literature and avenues for future research. Womens Health (Lond) 2011 Nov;7(6):641-661 [FREE Full text] [doi:
10.2217/whe.11.70] [Medline: 22040207]

17. Dahl AA, Dunn CG, Boutté AK, Crimarco A, Turner-McGrievy G. Mobilizing mHealth for moms: a review of mobile
apps for tracking gestational weight gain. J technol behav sci 2017 Nov 2;3(1):32-40. [doi: 10.1007/s41347-017-0030-6]

18. Musgrave LM, Kizirian NV, Homer CS, Gordon A. Mobile phone apps in Australia for improving pregnancy outcomes:
systematic search on app stores. JMIR Mhealth Uhealth 2020 Nov 16;8(11):e22340 [FREE Full text] [doi: 10.2196/22340]
[Medline: 33196454]

19. Chiu W, Kuczynska-Burggraf M, Gibson-Helm M, Teede H, Vincent A, Boyle J. What can you find about polycystic ovary
syndrome (PCOS) online? Assessing online information on PCOS: quality, content, and user-friendliness. Semin Reprod
Med 2018 Jan;36(1):50-58. [doi: 10.1055/s-0038-1667186] [Medline: 30189451]

20. Aleksova J, Kuczynska-Burggraf M, Ranasinha S, Vincent A. Information on early menopause: is the internet the place to
search? Climacteric 2017 Jun;20(3):248-255. [doi: 10.1080/13697137.2017.1301920] [Medline: 28333562]

21. Hayman M, Alfrey K, Cannon S, Alley S, Rebar AL, Williams S, et al. Quality, features, and presence of behavior change
techniques in mobile apps designed to improve physical activity in pregnant women: systematic search and content analysis.
JMIR Mhealth Uhealth 2021 Apr 07;9(4):e23649 [FREE Full text] [doi: 10.2196/23649] [Medline: 33825693]

22. McKay FH, Slykerman S, Dunn M. The app behavior change scale: creation of a scale to assess the potential of apps to
promote behavior change. JMIR Mhealth Uhealth 2019 Jan 25;7(1):e11130 [FREE Full text] [doi: 10.2196/11130] [Medline:
30681967]

23. McKay FH, Wright A, Shill J, Stephens H, Uccellini M. Using health and well-being apps for behavior change: a systematic
search and rating of apps. JMIR Mhealth Uhealth 2019 Jul 04;7(7):e11926 [FREE Full text] [doi: 10.2196/11926] [Medline:
31274112]

24. Chivers BR, Garad RM, Boyle JA, Skouteris H, Teede HJ, Harrison CL. Perinatal distress during COVID-19: thematic
analysis of an online parenting forum. J Med Internet Res 2020 Sep 07;22(9):e22002 [FREE Full text] [doi: 10.2196/22002]
[Medline: 32857707]

25. Chivers BR, Garad RM, Moran LJ, Lim S, Harrison CL. Support seeking in the postpartum period: content analysis of
posts in web-based parenting discussion groups. J Med Internet Res 2021 Jul 15;23(7):e26600 [FREE Full text] [doi:
10.2196/26600] [Medline: 34264198]

26. Institute of Medicine (US) and National Research Council (US) Committee to Reexamine IOM Pregnancy Weight Guidelines.
Weight Gain During Pregnancy: Reexamining the Guidelines. Washington (DC): National Academies Press; 2009.

27. 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]

28. 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(11):e0241480 [FREE Full text] [doi: 10.1371/journal.pone.0241480] [Medline: 33137123]

29. Kachingwe AF, Phillips BJ. Inter- and intrarater reliability of a back range of motion instrument. Arch Phys Med Rehabil
2005 Dec;86(12):2347-2353. [doi: 10.1016/j.apmr.2005.07.304] [Medline: 16344034]

30. 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]

31. Raghavan R, Dreibelbis C, Kingshipp BL, Wong YP, Abrams B, Gernand AD, et al. Dietary patterns before and during
pregnancy and maternal outcomes: a systematic review. Am J Clin Nutr 2019 Mar 01;109(Suppl_7):705S-728S. [doi:
10.1093/ajcn/nqy216] [Medline: 30982868]

32. 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]

33. Biviji R, Williams KS, Vest JR, Dixon BE, Cullen T, Harle CA. Consumer perspectives on maternal and infant health apps:
qualitative content analysis. J Med Internet Res 2021 Sep 01;23(9):e27403 [FREE Full text] [doi: 10.2196/27403] [Medline:
34468323]

34. Akbar S, Coiera E, Magrabi F. Safety concerns with consumer-facing mobile health applications and their consequences:
a scoping review. J Am Med Inform Assoc 2020 Feb 01;27(2):330-340 [FREE Full text] [doi: 10.1093/jamia/ocz175]
[Medline: 31599936]

35. Magrabi F, Habli I, Sujan M, Wong D, Thimbleby H, Baker M, et al. Why is it so difficult to govern mobile apps in
healthcare? BMJ Health Care Inform 2019 Nov;26(1):e100006 [FREE Full text] [doi: 10.1136/bmjhci-2019-100006]
[Medline: 31744843]

J Med Internet Res 2022 | vol. 24 | iss. 11 | e37552 | p. 13https://www.jmir.org/2022/11/e37552
(page number not for citation purposes)

Brammall et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://europepmc.org/abstract/MED/25434913
http://dx.doi.org/10.1016/j.orcp.2013.12.254
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25434913&dopt=Abstract
https://journals.sagepub.com/doi/10.2217/whe.11.70?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.2217/whe.11.70
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22040207&dopt=Abstract
http://dx.doi.org/10.1007/s41347-017-0030-6
https://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://dx.doi.org/10.1055/s-0038-1667186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30189451&dopt=Abstract
http://dx.doi.org/10.1080/13697137.2017.1301920
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28333562&dopt=Abstract
https://mhealth.jmir.org/2021/4/e23649/
http://dx.doi.org/10.2196/23649
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33825693&dopt=Abstract
https://mhealth.jmir.org/2019/1/e11130/
http://dx.doi.org/10.2196/11130
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30681967&dopt=Abstract
https://mhealth.jmir.org/2019/7/e11926/
http://dx.doi.org/10.2196/11926
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31274112&dopt=Abstract
https://www.jmir.org/2020/9/e22002/
http://dx.doi.org/10.2196/22002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32857707&dopt=Abstract
https://www.jmir.org/2021/7/e26600/
http://dx.doi.org/10.2196/26600
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34264198&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
https://dx.plos.org/10.1371/journal.pone.0241480
http://dx.doi.org/10.1371/journal.pone.0241480
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33137123&dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2005.07.304
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16344034&dopt=Abstract
https://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/10.1093/ajcn/nqy216
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30982868&dopt=Abstract
https://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://www.jmir.org/2021/9/e27403/
http://dx.doi.org/10.2196/27403
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34468323&dopt=Abstract
https://europepmc.org/abstract/MED/31599936
http://dx.doi.org/10.1093/jamia/ocz175
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31599936&dopt=Abstract
https://informatics.bmj.com/lookup/pmidlookup?view=long&pmid=31744843
http://dx.doi.org/10.1136/bmjhci-2019-100006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31744843&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


36. Cantor AG, Jungbauer RM, McDonagh M, Blazina I, Marshall NE, Weeks C, et al. Counseling and behavioral interventions
for healthy weight and weight gain in pregnancy: evidence report and systematic review for the US preventive services
task force. JAMA 2021 May 25;325(20):2094-2109. [doi: 10.1001/jama.2021.4230] [Medline: 34032824]

37. Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman W, et al. The behavior change technique taxonomy
(v1) of 93 hierarchically clustered techniques: building an international consensus for the reporting of behavior change
interventions. Ann Behav Med 2013 Aug;46(1):81-95. [doi: 10.1007/s12160-013-9486-6] [Medline: 23512568]

38. Morrissey EC, Corbett TK, Walsh JC, Molloy GJ. Behavior change techniques in apps for medication adherence: a content
analysis. Am J Prev Med 2016 May;50(5):e143-e146. [doi: 10.1016/j.amepre.2015.09.034] [Medline: 26597504]

39. Parker L, Bero L, Gillies D, Raven M, Grundy Q. The "Hot potato" of mental health app regulation: a critical case study
of the australian policy arena. Int J Health Policy Manag 2019 Mar 01;8(3):168-176 [FREE Full text] [doi:
10.15171/ijhpm.2018.117] [Medline: 30980633]

40. HONcode Certification. Health on the Net. URL: https://www.hon.ch/en/certification.html [accessed 2021-10-18]
41. Pereira-Azevedo N, Osório L, Cavadas V, Fraga A, Carrasquinho E, Cardoso de Oliveira E, et al. Expert involvement

predicts mHealth app downloads: multivariate regression analysis of urology apps. JMIR Mhealth Uhealth 2016 Jul
15;4(3):e86 [FREE Full text] [doi: 10.2196/mhealth.5738] [Medline: 27421338]

Abbreviations
ABACUS: App Behavior Change Scale
GWG: gestational weight gain
ICC: intraclass correlation
MARS: Mobile App Rating Scale
O&G: obstetrics and gynecology

Edited by G Eysenbach; submitted 24.02.22; peer-reviewed by A Paglialonga, M Waring, C Pathiravasan ; comments to author
13.07.22; revised version received 31.07.22; accepted 20.10.22; published 25.11.22

Please cite as:
Brammall BR, Garad RM, Boyle JA, Hayman MJ, de Jersey SJ, Teede HJ, Hong QV, Carrandi A, Harrison CL
Assessing the Content and Quality of Digital Tools for Managing Gestational Weight Gain: Systematic Search and Evaluation
J Med Internet Res 2022;24(11):e37552
URL: https://www.jmir.org/2022/11/e37552
doi: 10.2196/37552
PMID:

©Bonnie R Brammall, Rhonda M Garad, Jacqueline A Boyle, Melanie J Hayman, Susan J de Jersey, Helena J Teede, Quoc V
Hong, Alayna Carrandi, Cheryce L Harrison. Originally published in the Journal of Medical Internet Research
(https://www.jmir.org), 25.11.2022. 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 the Journal of Medical Internet Research, is properly cited. The complete
bibliographic information, a link to the original publication on https://www.jmir.org/, as well as this copyright and license
information must be included.

J Med Internet Res 2022 | vol. 24 | iss. 11 | e37552 | p. 14https://www.jmir.org/2022/11/e37552
(page number not for citation purposes)

Brammall et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1001/jama.2021.4230
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34032824&dopt=Abstract
http://dx.doi.org/10.1007/s12160-013-9486-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23512568&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2015.09.034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26597504&dopt=Abstract
https://europepmc.org/abstract/MED/30980633
http://dx.doi.org/10.15171/ijhpm.2018.117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30980633&dopt=Abstract
https://www.hon.ch/en/certification.html
https://mhealth.jmir.org/2016/3/e86/
http://dx.doi.org/10.2196/mhealth.5738
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27421338&dopt=Abstract
https://www.jmir.org/2022/11/e37552
http://dx.doi.org/10.2196/37552
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

