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Abstract

Background: Nutrition apps are effective in changing eating behavior and diet-related health risk factors. However, while they
may curb growing overweight and obesity rates, widespread adoption is yet to be achieved. Hence, profound knowledge regarding
factors motivating and hindering (long-term) nutrition app use is crucial for developing design guidelines aimed at supporting
uptake and prolonged use of nutrition apps.

Objective: In this systematic review, we synthesized the literature on barriers to and facilitators for nutrition app use across
disciplines including empirical qualitative and quantitative studies with current users, ex-users, and nonusers of nutrition apps.

Methods: A systematic literature search including 6 databases (PubMed, Web of Science, PsychINFO, PSYNDEX, PsycArticles,
and SPORTDiscus) as well as backward and forward citation search was conducted. Search strategy, inclusion and exclusion
criteria, and the planned data extraction process were preregistered. All empirical qualitative and quantitative studies published
in German or English were eligible for inclusion if they examined adolescents (aged 13-18) or adults who were either current
users, ex-users, and nonusers of nutrition apps. Based on qualitative content analysis, extracted individual barriers and facilitators
were grouped into categories.

Results: A total of 28 publications were identified as eligible. A framework with a 3-level hierarchy was designed which grouped
328 individual barriers and facilitators into 23 subcategories, 12 categories, and 4 clusters that focus on either the individual user
(goal setting and goal striving, motivation, routines, lack of awareness of knowledge), different aspects of the app and the
smartphone (features, usability of the app or food database, technical issues, data security, accuracy/trustworthiness, costs),
positive and negative outcomes of nutrition app use, or interactions between the user and their social environment.

Conclusions: The resulting conceptual framework underlines a pronounced diversity of reasons for (not) using nutrition apps,
indicating that there is no “one-size-fits-all” approach for uptake and prolonged use of nutrition apps. Hence, tailoring nutrition
apps to needs of specific user groups seems promising for increasing engagement.

(JMIR Mhealth Uhealth 2021;9(6):e20037) doi: 10.2196/20037
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Introduction

Overweight is one of today’s most urgent public health issues
[1,2]. It is related to a number of noncommunicable diseases
including cardiovascular diseases, cancer, diabetes, premature
deaths, and reduced quality of life [3-5]. Furthermore, it poses
substantial economic costs on society [6]. Currently, more than
2 billion people worldwide are affected and figures are projected
to rise further [2,7]. Thus, interventions are urgently needed to
curb growing overweight and obesity rates by promoting weight
loss, weight maintenance, or preventing weight gain [2]. Ideally,
these interventions are not only effective, but also affordable
and reach a large number of people around the globe.

The widespread adoption of mobile phones [8] thus constitutes
a promising opportunity to reduce overweight. Accordingly,
using mobile phones and other mobile devices for health
purposes (mobile health or mHealth; [9,10]) has become
increasingly common [11], and the majority of mHealth apps
available in app stores [12] target weight-related behaviors such
as eating behavior [13,14]. Moreover, mobile app–based
interventions have been shown to be effective in improving diet
and diet-related health outcomes [15] and effect sizes of these
interventions are comparable to those of traditional nondigital
interventions [15]. However, a large share of the general
population does not yet use nutrition apps [16-18]. To promote
their use and thus to put their full potential into effect, further
knowledge about reasons for and against adoption and prolonged
use of nutrition apps is necessary.

These reasons are likely multifaceted. For instance, research in
the area of wearable health devices (eg, fitness trackers,
smartwatches) has already shown a large variety of reasons for
device uptake, sustained use, and abandonment related to, for
example, health status, health-related goals, (de)motivation,
perceived utility, measurement inaccuracy, usability,
convenience/accessibility, and privacy [19,20]. However, these
findings may not be easily transferrable to nutrition apps as they
differ in central aspects. For instance, nutrition apps usually
require manual initiation of data recording by opening the app
or pressing buttons, and often also manual input of consumed
foods to provide feedback, for example, by having users enter
foods and estimated serving sizes using a comprehensive food
database [21]. Fitness apps and wearables, by contrast, allow
for automatic data collection based on various sensor
technologies (eg, accelerometers or gyroscopes). Hence, the
reliability of these 2 mHealth services refers to different data
sources—the user versus technology—and might thus be
perceived differently by users. Furthermore, the difference in
active versus passive data collection might impact the motivation
to use the services long term, as tracking food intake manually
might require more effort, when compared with tracking
physical activity automatically [17]. Finally, mHealth services
for nutrition and physical activity differ in the type and temporal
pattern of feedback provided. Because of automatic and
continuous collection of (in)activity data, wearable fitness
trackers can provide feedback continuously, even while an
activity is taking place, which allows for immediate adjustments.
For nutrition apps, by contrast, data (and thus feedback), are
provided for distinct eating occasions. Moreover, feedback is

often only available after the food was consumed or at least
chosen. Thus, immediate adaptation of the behavior might not
be possible, which might impact how feedback is perceived and
evaluated. Therefore, barriers and facilitators for nutrition apps
may differ at least in part from barriers and facilitators for the
use of fitness apps and wearables. Finally, these differences
might also explain why fitness apps are generally more popular
than nutrition apps [17].

Two systematic reviews have identified several factors
influencing engagement with mobile weight loss and weight
maintenance interventions. These factors include
personalization, simplicity, entertainment, usability, social
support, and the presence of certain features such as
self-monitoring, prompts, and feedback [22,23]. However,
nutrition apps can be used for a variety of goals, including
self-monitoring [24], eating healthier [25], or even gaining
weight [26], which again may reflect a variety of underlying
motivations including health status (cf. [19]) and specific needs
and expectations. Furthermore, the methodological focus of the
reviews was restricted. For example, Lyzwinski et al [23]
included only qualitative studies. While qualitative research
allows for a great richness of participants’ responses,
quantitative research usually comprises larger samples and may
allow for formal testing of theory. Most studies included in
Sharpe et al [22], by contrast, were randomized controlled trials
which either tested the effect of the presence or absence of
certain features (eg, social network, tailored content) on
engagement indices or evaluated features of a specific
intervention, which might not be generalizable to all mobile
eating interventions. It was thus deemed necessary to review
the literature more broadly to reflect a wider range of app-based
nutrition interventions, study designs, and user perspectives.
Accordingly, this present systematic review aimed to synthesize
the literature on barriers to and facilitators for the uptake,
continued use of, and disengagement from nutrition apps in the
general population. This was done to provide a comprehensive
overview of factors that hinder or promote use to be utilized as
starting points for nutrition app development and optimization.
It includes studies with all possible user groups (nonusers, users,
ex-users, and not specified) [17] as well as both qualitative and
quantitative studies on a wide range of available nutrition apps.

Methods

Protocol and Review Design
A protocol was prepared and published on the Open Science
Framework [27] prior to completion of data extraction. This
review reports on the generation of an overview of the evidence.
The second goal (designing a questionnaire based on the results)
will be presented elsewhere. Reporting is guided by the
PRISMA guidelines [28] (Multimedia Appendix 1).

Data Sources and Search
We searched the following databases before May 2019: PubMed,
Web of Science, PsychINFO, PSYNDEX, PsycArticles, and
SPORTDiscus. For PubMed, Web PsychINFO, PSYNDEX,
PsycArticles, and SPORTDiscus. A Boolean search term was
used for this purpose: ((“nutrition app*” OR “diet app*” OR
“weight loss app*” OR “weight control app*” OR “weight

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 6 | e20037 | p. 2https://mhealth.jmir.org/2021/6/e20037/
(page number not for citation purposes)

König et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

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


management app*” OR “food journal” OR “health app*” OR
“personal quantification” OR “quantified self” OR “personal
informatics”)) AND (adoption OR adherence OR abandonment
OR attrition OR barriers OR motivation OR attitude OR
*engagement OR “former user” OR ex-user OR “*continued
use”). However, a slightly modified term was used for Web of
Science due to differences in use of the asterisk (ie, we had to
add “disengagement” and “discontinued use”). No restriction
was placed on publication date. Moreover, we conducted
backward citation search by manually screening the reference
lists of included studies for additional relevant references. We
also conducted a forward citation search in Google Scholar
using the included studies to complement the data search.

Study Selection

Inclusion and Exclusion Criteria
Eligible studies examined factors hindering uptake or continued
use (ie, barriers) or factors promoting update or continued use
of nutrition apps (ie, facilitators). To be eligible for inclusion,
studies had to examine adolescents (aged 13-18) or adults in
the following participant groups: current users, ex-users, or
nonusers of nutrition apps either for themselves or for their
children. Studies with children, adolescents younger than 13,
and health care providers using nutrition apps for patient support
were excluded. Only empirical articles were included (ie,
literature reviews, meta-analyses, and conference abstracts were
excluded). All study designs including qualitative or quantitative
methodologies were eligible for inclusion. Studies had to
investigate general nutrition app use (ie, studies evaluating
particular apps, for instance, in intervention settings, were
excluded). Moreover, studies focusing more broadly on the use
of health apps were included as long as they specifically stated
that nutrition apps were included. Studies were only eligible if
the examined apps included an assessment of diet, such as
logging consumed foods (eg, studies evaluating sole weight
logging apps were excluded). Further, we included only English
and German articles. Finally, 2 studies known to authors from
other sources were also included [29,30].

Screening
Authors LK and CA independently reviewed titles and abstracts,
and, subsequently, full texts according to the inclusion and
exclusion criteria. Conflicts were resolved through discussion
until consensus was achieved.

Data Extraction and Collation
Authors LK and CA reviewed each full-text article
independently and extracted data on facilitators and barriers to
nutrition app use (ie, direct quotes from qualitative studies,
questionnaire item texts from quantitative studies).
Subsequently, all authors categorized facilitators and barriers
manually according to principles of qualitative content analysis
(ie, inductive category development) [31]. Differences in
abstraction were resolved by discussion until consensus
regarding category logic (ie, no overlaps of contents across
categories) was achieved. The inducted categories were first
defined, then compared and harmonized with the extracted
quotes. The final category system including the underlying
quotes was documented in an MS Excel spreadsheet and can
be found in Multimedia Appendices 2 and 3. Categories may
contain both barriers and facilitators as several aspects of
nutrition apps and their use were not universally perceived to
be positive or negative (eg, app usability can both be a facilitator
and barrier depending on the individual user’s perception). In
a final step, the categories were grouped into higher-order
clusters based on their origin or source as they might provide
further insight into starting points for improvement.

In addition, author LK reviewed each full-text article and
extracted the following study characteristics into MS Excel
spreadsheets: app user group (all, users, or users and ex-users),
sample size, age, gender, specificities of the study sample
(general population or patients), study design (qualitative,
quantitative, mixed), study location, and type of app (nutrition
vs health app; see Multimedia Appendix 4).

Results

Literature Search
A total of 2654 individual records were screened. After 2480
were excluded by screening titles and abstracts, 174 full texts
were screened for eligibility. Subsequently, 28 publications
containing 30 studies [24-26,29,30,32-54] were included (see
Figure 1 for a flow diagram). Of these, 9 publications were
identified through other sources: 7 were identified through
forward and backward citation search [25,26,35,39,41,45,47],
and 2 were known to the authors through unrelated literature
searches [29,30].
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Figure 1. Flow diagram of article selection.

Characteristics of the Included Studies
The 28 publications were all published between 2012 and 2019.
Two publications contained 2 studies [49,53], while the
remaining 26 publications each reported results from 1 study
[24-26,29,30,32-48,50-52,54]. Almost all samples comprised
adults from the general population, while 1 publication [45]
focused on adolescents and 1 publication [26] focused on women
with an eating disorder. Eight publications
[26,33,34,36-38,44,45] focused specifically on barriers and
facilitators of nutrition app use (eg, diet tracking features in
MyFitnessPal, LoseIt!), while 20 publications
[24,25,29,30,32,35,39-43,45-48,50-54] investigated barriers to
health apps in general, but explicitly included nutrition apps
such as calorie counters.  Fifteen of 28
[24,25,29,30,32,38,41,43,45-47,51-54] included publications
did not focus on a specific user subgroup, while 5 publications
[35,36,39,48,50] focused on users and 8
[26,33,34,37,40,42,44,49] included both users and ex-users.
For the majority of publications, data were collected in the
United States (15/28) [24-26,29,30,32,34,35,40,41,
43,45,51,52,54], followed by the UK (3/28; [37,38,47]) and
Canada (2/28; [33,48]). One publication presented data from

multiple countries. Ten of the 28 publications referred
substantially to theoretical models for the deduction of
hypotheses or discussion of results, while the remaining studies
were not theory driven. See Multimedia Appendix 4 for an
overview of included studies.

Barriers to and Facilitators for Nutrition App Use
A total of 328 barriers to and facilitators for nutrition app
(non)use were extracted from the publications. The number of
extracted barriers and facilitators varied greatly between
publications (mean 11.71 [SD 8.75]; range 2-39).

While grouping barriers and facilitators into categories, a 3-level
hierarchical framework emerged (see Figure 2 for a schematic
overview of the framework). First, barriers and facilitators were
grouped into 23 subcategories. Second, several categories were
clustered (eg, lack of interest and declining motivation were
both related to motivation, thus grouped together), resulting in
12 categories (C1–C12; note that C4, C8, and C9 do not contain
subcategories). Third, the resulting categories were grouped
into higher-order clusters that focus on either (1) the individual
(C1–C4), (2) the app and the smartphone (C5–C9), (3) intended
and nonintended outcomes of nutrition app use (C10 and C11),
or (4) social influence (C12).
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Figure 2. Framework comprising 12 categories C1-C12 and respective subcategories of barriers and facilitators identified in the individual studies.
BCTs: behavior change techniques.

In the majority of study results (23/30), barriers and facilitators
were not distinguished by user group (ie, no differentiation
regarding barriers or facilitators for uptake, use, or long-term
use). Therefore, such a differentiation is also not reflected in
the presented framework. However, a differentiation regarding
study samples was possible and can be inspected visually in
Multimedia Appendix 2.

Barriers and facilitators within the individual were related to
C1 goal setting and goal striving (ie, C1A the type of goal; C1B
goal attained; C1C goal abandoned), C2 motivation (ie, C2A
lack of interest; C2B declining motivation), C3 tracking routines
(ie, C3A daily routines; C3B tracking habit), and C4 lack of
awareness or knowledge. Barriers and facilitators related to the
app and the smartphone were C5 app features (ie, C5A features
linked to behavior change techniques [BCTs]; C5B technical
features; C5C personalization), C6 usability of the app (C6A)
and the food tracking feature (C6B), C7 trustworthiness
regarding data accuracy (C7A) as well as data security and
privacy (C7B), C8 technical issues, and C9 financial costs of
the app. In addition, barriers and facilitators were identified that
stem from using the app, which include intended and
nonintended positive outcomes and effectiveness (ie, C10A
positive cognitive and emotional outcomes; C10B positive
behavioral and health outcomes) as well as C11 negative
outcomes (ie, C11A negative cognitive and emotional outcomes;
C11B negative behavioral and health outcomes). Finally, barriers
and facilitators stemming from C12 social influence (ie, C12A
recommendation to use; C12B social interactions) were
identified.

There was a substantial variation in the number of subcategories
targeted by the different publications (mean 6.79 [SD 3.87];
range 1-16 of 23 subcategories) and accordingly, the frequency
of the subcategories being mentioned across publications varied

substantially (mean 8.26 [SD 4.21]; range 1-19 of 28
publications; see Multimedia Appendix 2 for details).

C1 Goal Setting and Goal Striving

C1A Types of Goals
In 15 publications [24-26,29,30,32,33,35-42], the type of goal
was mentioned as a facilitator for nutrition app use. A variety
of goals were identified ranging from highly specific
nutrition-related goals to very general health-related goals, or
even to improvements in other aspects of life. The majority of
goals were related to nutrition, for example, food tracking
[24,26,32,33], diet improvement [25,34-36], and weight
management [32] including both weight loss [26,29,35,37,38]
and weight gain [26]. In addition, changing other health
behaviors was mentioned [30,33,35,39-41], for example,
physical activity [35] as well as adopting a new or maintaining
an existing behavior [35]. Further participants named more
general goals such as improving their health [42], to be more
mindful or to find balance, needing assistance with medical or
health-related decision making, increasing their knowledge in
order to answer specific questions, finding triggers, being able
to ask their physician more specific questions or to ask for a
second opinion, curing or managing a condition, or executing
a treatment plan [39,41]. Finally, some participants identified
further goals related to other aspects of life and new life
experiences, such as maximizing work performance [39]. These
results highlight that nutrition apps may be used for a great
variety of different goals; apps may thus need to be explicit
about which goals they target to attract appropriate users and
so to facilitate uptake and long-term use.

C1B Goal Attained; C1C Goal Abandoned
Two reasons for disengagement with an app which were related
to goals were identified. On the one hand, app use may no longer
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be necessary if the goal was reached or a desired habit was
formed [29,33,43,44], which was identified in 4 publications.
On the other hand, 1 publication highlighted that goals may be
abandoned and the app along with it [29].

C2 Motivation

C2A Lack of Interest
In 4 publications [24,30,43,45], nonusers expressed a general
lack of interest in using health apps including nutrition apps
because they felt that they did not need to use one [24,30], for
example, because of other available tools such as paper and
pencil diaries [43], or competing interests such as preferring to
use their smartphones for other apps (eg, social media) [45].

C2B Declining Motivation
Furthermore, in 7 publications [24,33,36,44,46-48], some
(ex)users reported that their motivation to use apps could decline
over time [24,36,44,46], for example, because of limited
progression [33] or boredom [6], for instance, because the app
only provided a limited range of functionalities [48].

C3 Routines

C3A Daily Routines
Four of the reviewed publications [29,32,33,47] highlighted
that the fit between the user’s daily routines or current living
situation and app might impact uptake and adherence [33]. For
instance, participants in 1 study [29] discontinued using an app
because they were not able to use it in certain environments (eg,
at work). Others criticized that using an app interfered with their
daily activities and social life [32]. Dennison et al [47]
highlighted that apps were most likely to be utilized if they were
well integrated into users’ typical smartphone use patterns.
Thus, according to the reviewed studies, nutrition apps need to
fit to the user’s daily routines, for example, by not being able
or not wanting to use the app for inputting data while at work.

C3B Tracking Habit
In 4 publications [40,44,47,49], tracking habits (or a lack
thereof) was identified as an influencing factor. Some
participants stopped using an app because they forgot to use it
in daily life [44,47,49]. Similarly, Yuan et al [40] showed that
apps were less likely to be abandoned when a habit of using the
app was formed. Nutrition apps might therefore need to include
features that facilitate establishing a tracking habit to promote
their use.

C4 Lack of Awareness or Knowledge
Four publications [30,33,43,45] highlighted the importance of
knowledge and skill especially for nutrition app uptake. Some
of the nonusers surveyed in the reviewed studies reported not
to be aware that health and nutrition apps existed [30,43]. Others
may be aware of this type of apps, but are unsure which one to
use, lack awareness of specific functionalities and capabilities,
or do not know how to use them properly [33,43,45].

C5 App Features

C5A Features Linked to Behavior Change Techniques
In a total of 14 of the included publications
[29,33,36-39,42,43,45-50], the inclusion of features that can be
linked to the BCT Taxonomy version 1 [55] was evaluated as
a positive factor. Participants explicitly expressed their
satisfaction with comprehensive food databases for
self-monitoring (BCT category 2) of food intake [37,48] and
criticized databases that were too limited [49]. Regarding
feedback, the opportunity to view a history of tracked data
without visiting a medical doctor or having the opportunity to
send data to health professionals remotely [50] was appreciated.
Similarly, participants in the study by Aljuraiban [46] were
more likely to discontinue use if monitoring by a specialist was
not offered. By contrast, there were disagreements on how
messages should be designed [33]: some participants stated that
they did not like to count calories [38] or to restrain themselves
based on feedback from the app [47]. Regarding information
presentation, participants suggested using various media formats
(eg, video, audio) [45] and visualizations [42]. They were keen
on the fact that a high level of detail was preserved in the
feedback [47] and preferred to access information on the go
[37]. Participants generally valued the provision of nutrition
knowledge (BCT category 4) that they did not already have or
might not be able to access otherwise [36,38,43]. Finally,
rewards (BCT category 10) were appreciated [37,39,42,43,45];
however, gamification elements were seen favorably by some
[36,43] and perceived as demotivating by others [36].

C5B Technical Features
In 9 studies [33,36,37,42,43,47,48,50,51], participants
mentioned the inclusion of further technical features. For
instance, participants highlighted the need for integration with
other apps, for example, to synchronize calorie consumption
and expenditure [33,42]. Poor integration with other apps might
lead to disappointment with an app and to subsequent
disengagement [33]. Integration of location tracking was
criticized as unnecessary in Dennison et al [47]. However, based
on the included quotes, one can only speculate whether these
features will actually lead to abandonment of an app or simply
be ignored. Finally, receiving messages, prompts, and reminders
to use the app were not universally appreciated. While some
participants stated that they were helpful [36,37,43,47], others
reported to be annoyed by too frequent notifications
[33,47,48,51], for example, to update the app regularly to ensure
its functionality [50].

C5C Personalization
Ability to personalize apps was mentioned in 11 publications
[29,33,36-38,43,45-48,50]. Features should be customizable
and tailored to individual needs and goals [29,36-38,43,46,50].
For instance, participants valued the opportunity to set
customized reminders, to have choices in message content and
tone [47], and to receive personalized information and coaching
through an app [45]. Some participants stated liking apps that
provided a prespecified list of goals to choose from [29,33],
while others stated that they would prefer to set individual goals
as they were unsatisfied with the ones provided [33,36]. In
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addition, tailoring to ethnic and age-specific (eg, adolescence)
preferences was valued [45,48].

Moreover, it might be valuable to tailor the features
implemented in an app to the users’ needs. In several studies,
the absence of desired or helpful features [33,42,48] was
mentioned, which may lead to abandonment of the app [29].
By allowing users to customize the app, personal autonomy,
freedom of choice, and a feeling of congruency are preserved,
which might prolong use [36]. Thus, as needs and expectations
regarding the design and content of certain app features may
vary between users, customization or variation of both features
and app content in general may thus be helpful to prevent
abandonment.

C6 Usability

C6A Usability of the App
In 19 publications [24,25,30,33-39,43,45-50,52,53], usability
of the app was seen as an important precursor of nutrition app
uptake and continued use. Participants criticized that apps were
too confusing, complex, and stressful, both when setting them
up (eg, because of lengthy instructions) [35,47] and when using
them [24,33,35,38,43,45-49]. Accordingly, easy and simple
tracking procedures were valued by users [39] and perceived
ease of set up and use increased the likelihood for adoption and
continued use [25,30,33,34,36,37,50]. In a similar vein,
participants reported disliking apps that were time-consuming
to use [36,47,52], which might lead to increased levels of stress
[53]. Lack of time might thus be considered an important barrier
to using nutrition apps [43]. Finally, interface design aspects
were also mentioned in a few studies. Specifically, studies
highlighted that an attractive design may increase the likelihood
for an app to be used [37,45].

C6B Usability of the Food Tracking Feature
Food tracking features are an integral part of nutrition apps. The
importance of their usability was highlighted in 7 of the
reviewed studies [24,33,39,42,44,48,49]. Especially, the ease
of use of food databases was seen as a critical component. Many
users of nutrition apps reported to have experienced difficulties
when entering data [44,48], for example, regarding the correct
identification of foods because of too many options [33], finding
the correct foods because they were missing from the database
[49], or entering the correct foods and portion sizes [33].
Providing detailed entries and entering homemade food or meals
consumed at a restaurant were seen to be especially challenging
[49]. Participants might even cease to enter their meals, for
instance, when consuming a variety of foods over a longer time
span [49]. By contrast, Lieffers et al [33] noted that participants
preferred larger over smaller food databases, as these saved
time and were convenient.

Furthermore, the time needed for food journaling was seen as
crucial by participants [33,42,49]. Entering foods being too
time-consuming was named as an important reason for not using
or ceasing to use nutrition apps [24,44]. Participants would
therefore prefer automated tracking functions [39] or food
scanners [37]. However, Lieffers et al [33] noted that several
participants preferred using an app-based food database over

other nondigital tracking methods because apps were perceived
as more convenient and less time-consuming.

C7 Trustworthiness

C7A Data Accuracy
A (lack of) concern regarding data accuracy was identified in
7 publications [33,36,37,42,47-49]. While some participants
saw nutrition apps as a trusted ally that supported them in
achieving their goals [36], other participants were concerned
regarding the accuracy and trustworthiness of information
presented in the app [42]. Some participants expressed concern
regarding human error when tracking food intake, as tracking
tools might allow deliberately adjusting entries, which may lead
to inaccurate records [47]. Other participants stated being
concerned about tracking errors within the database or the app
itself [47,49], for example, missing or duplicate food entries or
incorrect caloric information [33], or about being unsure whether
the provided information, for example, in discussion boards,
was accurate and could be trusted [37,47]. Moreover,
participants criticized that apps may be misleading regarding
the predicted accuracy of provided information [48].

C7B Data Security and Privacy
A number of data security concerns were mentioned by
participants in 10 of the reviewed publications
[7,24,29,35,36,42,43,47,50,51]. Some participants were unsure
what the data might be used for without their awareness [47].
They expressed worry that their potentially sensitive data would
be made available to third parties such as health insurers [50]
or companies, for example, to tailor advertisements to them
[47], although they would not consent to the data being shared
as these are private matters and could be exploited [43]. In
particular, location detection was seen critical because it might
be a risk to personal safety, for example, when GPS data were
accessed by burglars [42,47]. Zhou et al [51] specifically focused
on data security concerns and barriers and facilitators to the use
of mHealth apps including nutrition apps. Concerns were raised
because of storing unencrypted personal data on users’
smartphones, sending data to remote servers without permission,
and a general lack of privacy statements in many apps.
Accordingly, participants were unsure whether they could trust
the apps and their developers [24,29], and apps provided by
health experts such as medical doctors were seen as more
trustworthy and persuasive [47]. In one study, participants
expressed that they would trust apps by organizations more than
apps by commercial companies, and that they would trust apps
that were branded or labeled [43]. Indicators for a credible
source may thus be important for nutrition app uptake. Other
participants, however, stated to be unconcerned because they
thought their data would not be of interest to third parties [47].

Especially in apps with in-app community features or
connections to social media, anonymity was important to app
users [36]. However, there were different opinions as to whether
participants approved of sharing data with a community: Some
current users were favorable toward sharing their data online
[42], whereas for others, sharing data without one’s awareness
was a frequently named reason for abandoning an app [24].
Sharing might be disliked especially if participants feel that
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they cannot control which and how much information is shared
[47]. Besides ensuring that data are stored safely and privacy
is respected, it may thus also be important to make data
protection efforts transparent to potential users.

C8 Technical Issues
An important prerequisite for being able to use nutrition apps
is compatibility of the app with one’s smartphone [29].
However, even if the smartphone fulfills an app’s basic system
requirements, a number of technical issues might decrease the
likelihood of app adoption and continued use. Accordingly,
technical issues were identified as a potential barrier in 8
publications [24,29,33,42,43,47,48,51]. Apps may slow down
the smartphone [51] and thus may impair the use of other apps
or phone functions [47] or lead to crashes [33]. Furthermore,
excessive battery drain [29,43,47], use of memory or storage
[43,47], and use of mobile data [24] were criticized in several
studies. Moreover, technical issues within the app such as app
dysfunctions [48] and inconvenient data transfer [42] may lead
to frustration and subsequent disengagement. Finally, users
might disengage from using an app because of concerns related
to radiation from their smartphones [43]. App developers
therefore might need to find a balance between using advanced
but resource-intensive features and ensuring compatibility with
many different smartphones that vary in age and technical
features.

C9 Financial Costs
Financial costs of nutrition apps were mentioned in 8
publications [24,30,33,35,40,43,46,51]. While few users may
be more motivated to use the app because they paid for it [33],
the price and costs of in-app purchases mainly hindered app use
[24,30,43], especially because there are free apps available
[35,51]. Some participants, however, said that they might be
willing to pay some money for the app if it was good and
provided a good value for money [35,40]. Furthermore, some
participants criticized hidden costs (eg, for enabling additional
app features) [46], which may lead to disengagement [24]. Thus,
financial costs might need to be low and made transparent to
promote nutrition app use.

C10 Positive Outcomes and Effectiveness

C10A Positive Cognitive and Emotional Outcomes
In 13 publications [25,29,32,34-38,40,42,43,50,53], participants
reported a number of positive outcomes of nutrition app use
that were related to cognitions and emotions. Regarding
cognitive outcomes, using an app may increase users’awareness
and motivation for healthy eating [25,34,35,37,43,50,53] and
induce positive feelings, including feeling energized and healthy
[29,32]. Accordingly, nutrition apps are perceived to be
informative and to promote nutrition knowledge [38,53].
Tracking may also provide participants with a sense of
accountability and the ability to track progress over time [29]
and improve their self-efficacy [36]. Regarding emotional
outcomes, participants reported that using an app made them
feel good about themselves [53] and their bodies [32].
Furthermore, apps may provide encouragement and support
[35,38], and using them can be fun and enjoyable [34,40] which
may positively influence engagement [42].

C10B Positive Behavioral and Health Outcomes
Positive impact of nutrition app use on behavior and health
[25,34], potentially due to improved self-management skills
[50], was reported in 6 publications [25,30,34,47,50,54].
Accordingly, nutrition apps are seen as potentially useful
[34,54], as merely viewing behavioral data may facilitate
behavior change [47]. However, not all surveyed participants
agreed with this notion and perceived nutrition apps to not be
effective in changing health and related behaviors [30,47].

C11 Negative Outcomes

C11A Negative Cognitive and Emotional Outcomes
A number of potential adverse cognitive and emotional
consequences of app use were reported in 8 studies
[32,33,37,38,42,47-49]. Participants reported obsession with
food or calorie counting [32,33,38,49] and being overly engaged
with one’s states and behaviors [42]. Moreover, negative
app-generated information including feedback based on tracking
of food intake and messages sent by the app might evoke
negative emotional reactions including disappointment, guilt,
and anxiety [32,33,37,48,49], especially if users fall short of
reaching a predetermined goal [47]. Finally, apps may also make
users feel neurotic about their body image [32].

C11B Negative Behavioral and Health Outcomes
Using nutrition apps might also have a negative impact on
behavior and subsequently health, which was reported in 7
studies [26,33,43,44,48,49,52]. Some participants expressed
worry that eating foods that are unhealthy, but easy to log (eg,
ready meals) would be rewarded, which may encourage their
consumption [44,49]. Other participants expressed concern that
feedback on calorie consumption might backfire, for example,
when caloric intake and expenditure are tracked in combination
and burned calories may be seen as a permission to eat more
[33]. Finally, some participants stated being concerned that apps
promoting extreme calorie restriction might even lead to
potential harm [48], including inducing or exacerbating an eating
disorder [26]. Nutrition app use might therefore be promoted
if expected or experienced negative consequences are attenuated.

C12 Social Influence

C12A Recommending Use
Social influence might promote app uptake, as was highlighted
in 9 publications [24,29,30,35,43,45,48,51,54]. For instance,
participants may learn about apps from family members or
friends [29,30,35,43], from a health or fitness professional, or
from their employer [24,29]. Still others stated to have chosen
the app based on recommendations and positive reviews in app
stores, social media, or TV [29,30,54].

C12B Social Interactions
Similarly, 11 publications [33,42-45,47-49,51,53,54] indicated
that social interactions in the app or related to the app might
influence nutrition app use. For instance, participants valued
competitions [43,48] and support functions [37]. Furthermore,
Wang et al [53] reported that sharing data over the internet might
sustain motivation in users. When their friends stopped using
the app, participants reported that it was more likely that they
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would stop using the app as well [49]. However, some
participants also reported that learning about others’ success or
competing against other app users might be demotivating
[33,43,49].

By contrast, perceived undesirability and stigmatization of using
apps might hinder uptake and continued use [45,47,49] because
it may be embarrassing [47]. Some participants stated that they
did not feel comfortable using an app in front of others [33,44]
or did not even want other people to know that they were using
an app because it might imply that they have a certain disease
[51]. Thus, social influence might both promote and hinder
nutrition app uptake and use, depending on whether attitudes
toward nutrition apps in the social environment are positive or
negative.

Discussion

Principal Findings
Nutrition apps are less popular than fitness apps [17], although
they might have comparably beneficial effects on health [15,56];
for instance, on body weight reduction [15]. Hence, to enable
large-scale health effects such as tackling the obesity epidemic
[57], acceptance, wide-spread adoption, and long-term use of
nutrition apps need to be enhanced. To this end, it is necessary
to better understand differences and dynamics in use. This
systematic review provides a hierarchical framework of barriers
and facilitators for nutrition app use. The framework highlights
that besides technological reasons, characteristics of the
(potential) user, the interplay between user and technology, and
the social environment impact whether a nutrition app is used.
For instance, it underlines the importance of tailoring the app
content to the user’s goals, expectations, and needs. As Villinger
et al [15] pointed out, nutrition apps mainly employ 4 categories
of BCTs [55,58] that primarily address constructs of deliberate
behavioral control, such as goal setting, self-monitoring, and
feedback (see also [59] for an analysis of commercial apps).
However, as some (prospective) nutrition app users may decide
what or how much to eat based on intuition rather than based
on deliberation, the number of nutrition app users might be
increased, for instance, by developing apps that address a
preference for intuition [17].

The broad range of barriers and facilitators identified in this
review may be due the great variety of samples and study
designs included that exceeds previous reviews on the topic.
For instance, 9 of the 11 studies included in Sharpe et al [22]
were evaluations of randomized controlled trials or ongoing
weight management programs. Researchers might thus have
been especially interested in usability evaluations of specific
program features that support long-term engagement with the
tested intervention. Consequently, their synthesis puts an even
stronger emphasis on barriers and facilitators related to
technology. When including surveys of general population
samples that are not restricted to participation in an intervention
study, more barriers and facilitators may be identified that might
not play a role for study participants. For example, lack of
awareness or knowledge might not emerge as a barrier when
evaluating a digital weight management program because
participants often attend a training session before the start of

the study (eg, [60]). Similarly, technical issues might not be as
frequent, as participants might be preselected based on the type
of smartphone they use (eg, [61]), or they might receive a
smartphone from the study team to ensure compatibility (eg,
[62], Study 3). Besides, data security concerns might not be of
great importance when taking part in a study at a university, as
researchers might be seen as more trustworthy [47]. Finally,
financial costs might not play a role because using an app as
part of a study is usually free. Thus, by explicitly including
studies independent of the use of specific nutrition apps, this
review was able to generate a comprehensive list of barriers
and facilitators that play a role when deciding whether to use
(or continue to use) a nutrition app in daily life.

Previous reviews also often focused on specific user groups
such as current users of nutrition apps [22] or remote tracking
technology [19] or on ex-users of wearables [20], and thus lack
the perspective of potential users who did not yet think about
using mHealth technology for health promotion or decided
against its use (for a discussion, see also [17]). This review, by
contrast, included literature on nutrition apps in general and
included current and ex-users of nutrition apps as well as
nonusers of nutrition apps and thus generated an extensive list
of barriers and facilitators. Consequently, several subcategories
were predominantly or even exclusively identified in
publications which included ex-users or nonusers in addition
to current nutrition app users. For instance, the category C4
(lack of awareness or knowledge) was not mentioned in
publications that exclusively focused on current users, and the
subcategory C2A (lack of interest) was only identified in
publications which also included nonusers. However, one could
argue that these barriers are especially important to address in
order to facilitate contemplation of the use of nutrition apps (eg,
through medical prescription which is now possible in Germany
[63]), which is an important first step in the nutrition app
adoption process [17,64]. Similarly, the category C3 (routines)
with its subcategories C3A (daily routines) and C3B (tracking
habit) was not identified in studies which focus exclusively on
current users, presumably because a significant number of
current users have already established a tracking habit and are
using an app that fits their daily routines. Although certainly
not all current users of mHealth technology already have
established a tracking habit, those that do are likely to use the
technology for periods of a year or more [20,65]. Thus, forming
a habit of using a nutrition app might be an important
prerequisite for prolonged nutrition app use (see [66] for a
discussion of the importance of habits for behavior change). To
be able to take habit formation into account when developing
nutrition apps, further research is needed to identify app features
(eg, reminders, identification of event-based cues [67]) that are
most beneficial for establishing a tracking habit.

Despite the differences in target populations and technologies,
there is substantial overlap between barriers and facilitators to
different mHealth technologies identified in this review and
previous reviews [19,20,22,23]. For instance, reviews on both
nutrition apps and wearables identified facilitators and barriers
related to data security and privacy, app features, or technical
issues. Thus, many of the identified barriers and facilitators
could be generalized across mHealth technologies, and the
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presented framework may provide insights for designing
mHealth technologies more broadly.

Implications for the Development of Nutrition Apps
The framework developed in this review summarizes barriers
and facilitators for nutrition app use based on empirical
investigations and can therefore guide development of theory
and measurement instruments, for example, questionnaires to
assess interindividual factors related to app uptake. Moreover,
the identified barriers and facilitators, specifically on the level
of technology (C5–C9) as well as outcomes of user–technology
interaction (C10–C11), can inform the improvement of nutrition
apps. To this end, 8 design guidelines derived from the presented
results are listed in Table 1. First, usability was the most
frequently identified barrier in this review and was also
identified in previous reviews [19,20,22,23]. Importantly,
usability issues were identified both concerning the app in

general (design guideline 1; eg, navigation through the app) and
more specifically concerning the food tracking feature and the
underlying food database (design guideline 2). The latter
constitute core features of many nutrition apps [68,69]. Previous
research has shown that usability issues related to tracking of
food intake might impact willingness to record eating events
[70]. Therefore, deficient usability of the food database might
also indirectly impact other categories of barriers and facilitators
identified in this review such as accuracy and trustworthiness
if fewer meals are recorded. Subsequently, this may also impact
features that rely on accurate data, such as feedback. Usability
of nutrition apps and especially food tracking features should
therefore be a major concern for app developers. User burden
can, for example, be reduced by using simpler input
mechanisms, such as by indicating portion sizes using common
household items [71], or by photo-based food recording [68,72].

Table 1. Design guidelines based on review results.

Related referencesDesign guideline

[24,33,35,38,43,45-49]DG1a: Enhance app usability through quick set up, avoidance of lengthy instructions, and high ease of
use.

[24,33,37,39,42,44,48,49,68,71,72]DG2: Enhance usability of the food tracking feature through simple input mechanisms and enabling
quick and reliable identification of the correct foods (eg, by including automated tracking functions or
barcode scanners, indicating portion sizes, photo-based food recording).

[22,23,36,37,48,73-75]DG3: Include effective behavior change techniques, for example, goal setting, self-monitoring and pro-
viding feedback, rewards, and shaping knowledge.

[19,22,23,29,33,36-38,43,45-48,50,59,76]DG4: Allow for personalization of the app to fit individual needs and goals (eg, give choice to enable
or disable gamification elements or reminders, offer customizable reminders, and adaptability to personal
variables such as ethnic preferences or age group).

[23,25,29,32,34-38,40,42,43,47,50,53,54,77-79]DG5: Anticipate possible outcomes of nutrition app use to promote positive outcomes (eg, increase of
awareness and motivation for healthy eating, improvement of self-management skills, and nutrition
knowledge) and avoid negative outcomes (eg, obsessive calorie counting, feelings of guilt, disappointment,
or anxiety).

[33,37,42,47-49]DG6: Advance trust in data accuracy by restricting opportunities for human error (eg, when tracking
food intake) and enhancing data transparency (eg, specify source of nutritional values).

[24,29,42,43,47,48,51]DG7: Enhance data authority by providing transparency regarding data sharing with companion and
third-party apps and giving the choice to prohibit data transfer.

[24,29,33,43,47,51]DG8: Be economical regarding use of smartphone resources (eg, avoid excessive memory and mobile
data usage and battery drain).

aDG: design guideline.

The presence of certain app features including self-monitoring
and feedback features can be seen as a facilitator for continued
nutrition app use (see also [22]). Specifically, in this review,
several app features could be identified that can be subsumed
under BCT categories included in the BCT Taxonomy [55],
such as self-monitoring (BCTs 2.3 and 2.4), feedback (BCTs
2.2 and 2.7), or goal setting (BCTs 1.1 and 1.3). As Lyzwinski
et al [23] pointed out, the inclusion of BCTs is often valued by
nutrition app users. It could thus be concluded that the inclusion
of certain BCTs (design guideline 3) might not only increase
effectiveness of interventions [73,74] but also engagement [75].
Moreover, both this review and previous reviews highlighted
that users appreciated opportunities for personalization of the
app [19,22,23], which is also related to effectiveness in the
literature [59,76]. It can therefore be recommended to include

features such as feedback, goal setting, and prompting, and to
allow for customization, for example, by allowing users to set
customized reminders, to increase engagement (design guideline
4). Many BCTs (eg, 4.3 reattribution, 4.4 behavioral
experiments, 5.2 salience of consequences), however, were not
mentioned by the study participants. Future research therefore
needs to investigate their effects on nutrition app uptake and
prolonged use.

Moreover, anticipated or experienced positive and negative
outcomes, including the (lack of) effectivity, were among the
most frequently identified reasons for nutrition app (non)use.
Interestingly, positive and negative outcomes of use were only
rarely addressed in previous reviews. For example, potential
negative consequences of using nutrition apps such as feelings
of guilt were only explicitly addressed in Lyzwinski et al [23].
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From a psychological point of view, however, anticipated or
perceived positive and negative consequences for one’s health
are important precursors of engaging in a behavior (eg, [77,78]).
Proximal outcomes, which include cognitive and emotional
consequences of use, might be especially important for
continuously performing a behavior [77]. Accordingly, outcome
expectancies are central components of models of (health)
behavior including Social Cognitive Theory [80] and the Health
Action Process Approach [81]. It could therefore be
recommended to anticipate potential negative outcomes of using
an app to prevent them. At the same time, potential positive
consequences of nutrition app use, including positive emotional
consequences (eg, increased well-being [79]) should be
emphasized more to promote use (design guideline 5).

Another critical factor influencing the acceptance of nutrition
apps is data accuracy. In the area of nutrition apps, this factor
is closely related to the data quality of the underlying data base,
which opens up room for human error by allowing users to add
their own entries. Consequently, incorrect nutritional values
and uncertainty regarding their source might follow
[33,37,42,47-49]. If human error cannot be completely avoided,
opportunities should be created to increase transparency
regarding data sources and thus trust in the system (design
guideline 6). Furthermore, barriers in the area of privacy
protection were identified [24,29]. In order to strengthen the
data sovereignty of users, concerns regarding the transfer of
data to third parties should be addressed by making them
transparent and optional (design guideline 7). Finally, aspects
of sustainability and energy efficiency play a role in the
acceptability of nutrition apps [29,43,47]. Manufacturers should
thus take care to design their apps sparingly in terms of data
storage and energy use (design guideline 8).

Previous reviews have already highlighted a lack of theory when
developing the content of app-based interventions (eg, [56,82]).
However, when aiming to understand factors related to
engagement with nutrition apps, less than half of the publications
included in this review used theories such as the technology
acceptance model [83] or the theory of planned behavior [84]
to design the study or interpret its results. As the links between
the identified barriers and facilitators and existing frameworks
and models of health behavior highlight, psychological theory
may be highly beneficial to gain a better understanding of
engagement with health apps and the design of more engaging
apps [85]. It is therefore important to use theory in future studies
about health app uptake and prolonged use as well as to use
theory to inform app development.

Limitations and Avenues for Future Research
Some concerns regarding the findings of the review arise from
the included studies. Several of the included studies investigated
reasons for health app (non)use more broadly. Although only
studies were included that specifically addressed nutrition apps
as a category of health apps, it could often not be determined
whether an issue was raised in relation to nutrition apps or other
categories of health apps. Thus, some barriers and facilitators
might have been included in this review that did not refer to
nutrition apps. Furthermore, most of the included studies did
not provide information about anthropometrics or socioeconomic

position of the participants, which makes it difficult to appraise
generalizability of the findings. Although most studies reported
the gender of the participants, females were overrepresented in
many of the included studies, and 2 even focused exclusively
on female participants [26,36]. While previous research suggests
that nutrition app users are more likely to be female [17],
including more male participants in future research would be
desirable to address potential gender-specific needs (eg, aiming
to lose weight vs aiming to gain muscle mass [86]), which might
explain the lower adoption rates in males. Finally, selection
bias, for example, due to publication bias, cannot be ruled out
in both quantitative and qualitative studies [87]. It thus cannot
be ruled out that relevant (unpublished) work may have been
missed.

It is important to note that neither this review nor previous
reviews on barriers and facilitators for nutrition app use can
provide insights into the relative importance of the barriers and
facilitators for the decision (not) to use a nutrition app. While
the number of studies in which a reason was mentioned could
be used as an indicator, it might also reflect research questions
or questions and items used in the individual studies. Moreover,
the grouping of barriers and facilitators into categories and
clusters is somewhat arbitrary. Some categories in the
framework might not be fully mutually exclusive, as for instance
affinity for technology might also influence the perception of
usability [88]. Notably, although Simblett et al [19] only
identified 5 categories of barriers and facilitators for the use of
remote tracking technologies, many of the underlying barriers
and facilitators could also be mapped onto the framework
presented in this review. Further research is thus needed to gain
insight into interrelations of the identified barriers and
facilitators and their grouping based on empirical data as well
as to determine their relative importance (see, eg, [20] for
wearables).

Furthermore, barriers and facilitators might differ between user
groups, as has been highlighted in previous research on stage
theories of behavior (eg, [64,89]). Differences between user
groups could not be disentangled in this review as most studies
reported barriers and facilitators for multiple user groups without
indicating by which user group they were mentioned. One
exception is the survey conducted by Murnane et al [29], which
showed that current users experienced positive consequences
of health app use such as feeling more healthy and energized,
while apps were abandoned because they did not function
properly or lacked desired features. Furthermore, the importance
of barriers and facilitators might change while a nutrition app
is used (see [90] for a discussion). As Baretta et al [91] showed
in the context of apps for physical activity promotion, some
features such as peer and coaching support might be more
important for initial uptake, while, for example, proactive
motivational features are more important for promoting
continued use. Similarly, Sharpe et al [22] highlighted that
usability might be more important for sustained engagement
with nutrition apps. Future research should therefore explicitly
compare different user groups and stages to provide valuable
insights into how to promote uptake and continued use of
nutrition apps by specifically targeting relevant barriers and
facilitators.
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Moreover, at least some of the barriers and facilitators identified
in this review might not be specific to the use of nutrition apps,
but related to changing eating behavior independent of the mode
of delivery. For instance, from some of the included
publications, it did not become clear whether a lack of interest
in nutrition apps referred to the app itself or changing the
behavior. More research is therefore needed to disentangle these
effects.

Conclusions
Through this systematic review, the literature on barriers to and
facilitators for the uptake and continued use of nutrition apps
was synthesized to provide a comprehensive overview of factors
that hinder or promote use. A total of 328 barriers and
facilitators were extracted from 28 publications and systematized

in a framework with 23 subcategories clustered in 12 categories.
Four higher-order clusters were formed that subsume barriers
and facilitators related to technology, the individual, their
interactions, and the social environment. Eight design guidelines
were derived from the framework which app developers may
implement to increase and prolong nutrition app use: enhance
app usability, enhance food database usability, include effective
BCT features, allow for personalization, anticipate positive and
negative outcomes, advance trust in data accuracy, enhance data
authority, and conserve smartphone resources. These design
guidelines might be fruitful to support the aim of the European
Union [92,93] to make web-based health promotion, including
nutrition apps, more effective, user-friendly, and widely
acceptable, and might ultimately contribute to achieving
large-scale health effects.

Acknowledgments
This research was part of the SMARTACT project which was funded by the Federal Ministry of Education and Research (Grant
No. 01EL1420A, granted to BR and Harald Schupp, Department of Psychology, University of Konstanz). Furthermore, it was
supported by a peer-mentoring grant from the Subdivision Health Psychology in the German Psychological Association awarded
to LMK and CA. The research was partially funded by the Deutsche Forschungsgemeinschaft (DFG, German Research
Foundation)—Project-ID 416228727—SFB 1410. We thank Mourad Zoubir for his valuable support.

Conflicts of Interest
None declared.

Multimedia Appendix 1
PRISMA checklist for systematic reviews.
[DOC File , 64 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Identified categories per publication.
[DOCX File , 29 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Quotes extracted from publications including assigned category.
[XLSX File (Microsoft Excel File), 28 KB-Multimedia Appendix 3]

Multimedia Appendix 4
Detailed overview of the included studies.
[DOCX File , 16 KB-Multimedia Appendix 4]

References

1. World Health Organization. Controllng the global obesity epidemic. URL: https://www.who.int/nutrition/topics/obesity/
en/ [accessed 2021-06-13]

2. Mitchell NS, Catenacci VA, Wyatt HR, Hill JO. Obesity: Overview of an Epidemic. Psychiatric Clinics of North America
2011 Dec;34(4):717-732. [doi: 10.1016/j.psc.2011.08.005]

3. Borrell LN, Samuel L. Body Mass Index Categories and Mortality Risk in US Adults: The Effect of Overweight and Obesity
on Advancing Death. Am J Public Health 2014 Mar;104(3):512-519. [doi: 10.2105/ajph.2013.301597]

4. Must A, Spadano J, Coakley EH, Field AE, Colditz G, Dietz WH. The Disease Burden Associated With Overweight and
Obesity. JAMA 1999 Oct 27;282(16):1523-1529. [doi: 10.1001/jama.282.16.1523]

5. Lim S, Vos T, Flaxman A, Danaei G, Shibuya K, Adair-Rohani H, et al. A comparative risk assessment of burden of disease
and injury attributable to 67 risk factors and risk factor clusters in 21 regions, 1990-2010: a systematic analysis for the
Global Burden of Disease Study 2010. The Lancet 2012;380(9859):2224-2260. [doi: 10.3410/f.719894684.793533485]

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 6 | e20037 | p. 12https://mhealth.jmir.org/2021/6/e20037/
(page number not for citation purposes)

König et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=mhealth_v9i6e20037_app1.doc&filename=818a75e68da6e0a810668277f0efa3c7.doc
https://jmir.org/api/download?alt_name=mhealth_v9i6e20037_app1.doc&filename=818a75e68da6e0a810668277f0efa3c7.doc
https://jmir.org/api/download?alt_name=mhealth_v9i6e20037_app2.docx&filename=d6f4409ee1885490b0817c9a7e41d387.docx
https://jmir.org/api/download?alt_name=mhealth_v9i6e20037_app2.docx&filename=d6f4409ee1885490b0817c9a7e41d387.docx
https://jmir.org/api/download?alt_name=mhealth_v9i6e20037_app3.xlsx&filename=0ba5de72843d54742fa1742e77164af6.xlsx
https://jmir.org/api/download?alt_name=mhealth_v9i6e20037_app3.xlsx&filename=0ba5de72843d54742fa1742e77164af6.xlsx
https://jmir.org/api/download?alt_name=mhealth_v9i6e20037_app4.docx&filename=291f5e3400e03248b8b86c4ed4d8bf97.docx
https://jmir.org/api/download?alt_name=mhealth_v9i6e20037_app4.docx&filename=291f5e3400e03248b8b86c4ed4d8bf97.docx
https://www.who.int/nutrition/topics/obesity/en/
https://www.who.int/nutrition/topics/obesity/en/
http://dx.doi.org/10.1016/j.psc.2011.08.005
http://dx.doi.org/10.2105/ajph.2013.301597
http://dx.doi.org/10.1001/jama.282.16.1523
http://dx.doi.org/10.3410/f.719894684.793533485
http://www.w3.org/Style/XSL
http://www.renderx.com/


6. Withrow D, Alter D. The economic burden of obesity worldwide: a systematic review of the direct costs of obesity. Obesity
reviews 2011;12(2):131-141. [doi: 10.1111/j.1467-789x.2009.00712.x]

7. Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margini C, et al. Global, regional, and national prevalence of
overweight and obesity in children and adults during 1980-2013: a systematic analysis for the Global Burden of Disease
Study 2013. The Lancet 2014;384(9960):2107-2108. [doi: 10.1016/s0140-6736(14)62367-9]

8. Statista. Number of smartphone users worldwide from 2016 to 2021 (in billions). de.statista.com. 2019. URL: https://www.
statista.com/statistics/330695/number-of-smartphone-users-worldwide/ [accessed 2019-08-28]

9. Abroms L, Padmanabhan P, Evans W. Mobile phones for health communication to promote behavior change. eHealth
applications: Promising strategies for behavior change 2012:147-166. [doi: 10.4324/9780203149096-17]

10. Nacinovich M. Defining mHealth. Journal of Communication in Healthcare 2013 Jul 18;4(1):1-3. [doi:
10.1179/175380611x12950033990296]

11. Müller AM, Maher CA, Vandelanotte C, Hingle M, Middelweerd A, Lopez ML, et al. Physical Activity, Sedentary Behavior,
and Diet-Related eHealth and mHealth Research: Bibliometric Analysis. J Med Internet Res 2018 Apr 18;20(4):e122. [doi:
10.2196/jmir.8954]

12. IQVIA Institute. The Growing Value of Digital Health. Durham, NC: IQVIA Institute; 2017.
13. Sama PR, Eapen ZJ, Weinfurt KP, Shah BR, Schulman KA. An evaluation of mobile health application tools. JMIR Mhealth

Uhealth 2014;2(2):e19 [FREE Full text] [doi: 10.2196/mhealth.3088] [Medline: 25099179]
14. Aitken M, Gauntlett C. Patient Apps for Improved Healthcare: From Movelty to Mainstream. Parsnippany, NJ: IMS Institute

for Healthcare Informatics; 2013.
15. Villinger K, Wahl DR, Boeing H, Schupp HT, Renner B. The effectiveness of app-based mobile interventions on nutrition

behaviours and nutrition-related health outcomes: A systematic review and meta-analysis. Obes Rev 2019
Oct;20(10):1465-1484. [doi: 10.1111/obr.12903] [Medline: 31353783]

16. Conway N, Campbell I, Forbes P, Cunningham S, Wake D. mHealth applications for diabetes: User preference and
implications for app development. Health Informatics J 2016 Dec;22(4):1111-1120. [doi: 10.1177/1460458215616265]
[Medline: 26635324]

17. König LM, Sproesser G, Schupp HT, Renner B. Describing the Process of Adopting Nutrition and Fitness Apps: Behavior
Stage Model Approach. JMIR Mhealth Uhealth 2018 Mar 13;6(3):e55 [FREE Full text] [doi: 10.2196/mhealth.8261]
[Medline: 29535078]

18. Ernsting C, Dombrowski SU, Oedekoven M, O'Sullivan JL, Kanzler M, Kuhlmey A, et al. Using Smartphones and Health
Apps to Change and Manage Health Behaviors: A Population-Based Survey. J Med Internet Res 2017 Apr 05;19(4):e101
[FREE Full text] [doi: 10.2196/jmir.6838] [Medline: 28381394]

19. Simblett S, Greer B, Matcham F, Curtis H, Polhemus A, Ferrão J, et al. Barriers to and Facilitators of Engagement With
Remote Measurement Technology for Managing Health: Systematic Review and Content Analysis of Findings. J Med
Internet Res 2018 Jul 12;20(7):e10480 [FREE Full text] [doi: 10.2196/10480] [Medline: 30001997]

20. Attig C, Franke T. Abandonment of personal quantification: A review and empirical study investigating reasons for wearable
activity tracking attrition. Computers in Human Behavior 2020 Jan;102:223-237. [doi: 10.1016/j.chb.2019.08.025]

21. Fuchs K, Haldimann M, Vuckovac D, Ilic A. Automation of data collection techniques for recording food intake: a review
of publicly available and well-adopted diet apps. : IEEE; 2018 Presented at: 2018 International Conference on Information
and Communication Technology Convergence (ICTC); 17-19 Oct. 2018; Jeju, Korea (South). [doi:
10.1109/ictc.2018.8539468]

22. Sharpe EE, Karasouli E, Meyer C. Examining Factors of Engagement With Digital Interventions for Weight Management:
Rapid Review. JMIR Res Protoc 2017 Oct 23;6(10):e205 [FREE Full text] [doi: 10.2196/resprot.6059] [Medline: 29061557]

23. Lyzwinski LN, Caffery LJ, Bambling M, Edirippulige S. Consumer perspectives on mHealth for weight loss: a review of
qualitative studies. J Telemed Telecare 2017:290-302. [doi: 10.1177/1357633X17692722] [Medline: 28181859]

24. Krebs P, Duncan DT. Health App Use Among US Mobile Phone Owners: A National Survey. JMIR Mhealth Uhealth
2015;3(4):e101 [FREE Full text] [doi: 10.2196/mhealth.4924] [Medline: 26537656]

25. Jones M, Maddox J, Benavides-Espinoza C, Finnicum P. Use of Fitness and Nutrition Applications by College Students.
Missouri Journal of Health, Physical Education, Recreation & Dance 2017;27:63-71.

26. Eikey E, Reddy M. It's Definitely Been a Journey: A Qualitative Study on How Women with Eating Disorders Use Weight
Loss Apps. : ACm; 2017 Presented at: 2017 CHI conference on human factors in computing systems; 6-11 May 2017;
Denver, CO p. 642-654. [doi: 10.1145/3025453.3025591]

27. König LM, Attig C. Work package 1: Conducting a scoping review on barriers to and facilitators for using nutrition apps.
2019 Jun 12. URL: https://osf.io/64d2h/ [accessed 2021-06-06]

28. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The
PRISMA Statement. PLoS Med 2009 Jul 21;6(7):e1000097. [doi: 10.1371/journal.pmed.1000097]

29. Murnane E, Huffaker D, Kossinets G. Mobile health apps: adoption, adherence, and abandonment. : ACM; 2015 Presented
at: UbiComp/ISWC'15; 7-11 Seotember 2015; Osaka, Japan. [doi: 10.1145/2800835.2800943]

30. Haithcox-Dennis M, Brinkley J, Richman A, DeWeese A, Byrd IJ. Mhealth on campus: assessing undergraduates attitudes
and utilization of mobile health applications. Global Journal of Health Education and Promotion 2012;15(1):134-144.

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 6 | e20037 | p. 13https://mhealth.jmir.org/2021/6/e20037/
(page number not for citation purposes)

König et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://dx.doi.org/10.1111/j.1467-789x.2009.00712.x
http://dx.doi.org/10.1016/s0140-6736(14)62367-9
https://www.statista.com/statistics/330695/number-of-smartphone-users-worldwide/
https://www.statista.com/statistics/330695/number-of-smartphone-users-worldwide/
http://dx.doi.org/10.4324/9780203149096-17
http://dx.doi.org/10.1179/175380611x12950033990296
http://dx.doi.org/10.2196/jmir.8954
http://mhealth.jmir.org/2014/2/e19/
http://dx.doi.org/10.2196/mhealth.3088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25099179&dopt=Abstract
http://dx.doi.org/10.1111/obr.12903
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31353783&dopt=Abstract
http://dx.doi.org/10.1177/1460458215616265
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26635324&dopt=Abstract
http://mhealth.jmir.org/2018/3/e55/
http://dx.doi.org/10.2196/mhealth.8261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29535078&dopt=Abstract
http://www.jmir.org/2017/4/e101/
http://dx.doi.org/10.2196/jmir.6838
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28381394&dopt=Abstract
https://www.jmir.org/2018/7/e10480/
http://dx.doi.org/10.2196/10480
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30001997&dopt=Abstract
http://dx.doi.org/10.1016/j.chb.2019.08.025
http://dx.doi.org/10.1109/ictc.2018.8539468
http://www.researchprotocols.org/2017/10/e205/
http://dx.doi.org/10.2196/resprot.6059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29061557&dopt=Abstract
http://dx.doi.org/10.1177/1357633X17692722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28181859&dopt=Abstract
http://mhealth.jmir.org/2015/4/e101/
http://dx.doi.org/10.2196/mhealth.4924
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26537656&dopt=Abstract
http://dx.doi.org/10.1145/3025453.3025591
https://osf.io/64d2h/
http://dx.doi.org/10.1371/journal.pmed.1000097
http://dx.doi.org/10.1145/2800835.2800943
http://www.w3.org/Style/XSL
http://www.renderx.com/


31. Mayring P. Qualitative content analysis: theoretical foundation, basic procedures and software solution. Klagenfurt: SSOAR
Open Access Repository; 2014.

32. Sarcona A, Kovacs L, Wright J, Williams C. Differences in Eating Behavior, Physical Activity, and Health-related Lifestyle
Choices between Users and Nonusers of Mobile Health Apps. American Journal of Health Education 2017 Jul
11;48(5):298-305. [doi: 10.1080/19325037.2017.1335630]

33. Lieffers JRL, Arocha JF, Grindrod K, Hanning RM. Experiences and Perceptions of Adults Accessing Publicly Available
Nutrition Behavior-Change Mobile Apps for Weight Management. J Acad Nutr Diet 2018 Feb;118(2):229-239.e3. [doi:
10.1016/j.jand.2017.04.015] [Medline: 28625662]

34. West JH, Belvedere LM, Andreasen R, Frandsen C, Hall PC, Crookston BT. Controlling Your "App"etite: How Diet and
Nutrition-Related Mobile Apps Lead to Behavior Change. JMIR Mhealth Uhealth 2017 Jul 10;5(7):e95 [FREE Full text]
[doi: 10.2196/mhealth.7410] [Medline: 28694241]

35. Gowin M, Cheney M, Gwin S, Franklin Wann T. Health and Fitness App Use in College Students: A Qualitative Study.
American Journal of Health Education 2015 Jul 06;46(4):223-230. [doi: 10.1080/19325037.2015.1044140]

36. Flaherty SJ, McCarthy MB, Collins AM, McAuliffe FM. A different perspective on consumer engagement: exploring the
experience of using health apps to support healthier food purchasing. Journal of Marketing Management 2019 Feb
18;35(3-4):310-337. [doi: 10.1080/0267257x.2019.1576756]

37. Tang J, Abraham C, Stamp E, Greaves C. How can weight-loss app designers' best engage and support users? A qualitative
investigation. Br J Health Psychol 2015 Feb;20(1):151-171. [doi: 10.1111/bjhp.12114] [Medline: 25130682]

38. Solbrig L, Jones R, Kavanagh D, May J, Parkin T, Andrade J. People trying to lose weight dislike calorie counting apps
and want motivational support to help them achieve their goals. Internet Interv 2017 Mar;7:23-31 [FREE Full text] [doi:
10.1016/j.invent.2016.12.003] [Medline: 28286739]

39. Choe E, Lee N, Lee B, Pratt W, Kientz J. Understanding quantified-selfers' practices in collectingexploring personal data.
2014 Presented at: SIGCHI Conference on Human Factors in Computing Systems; 26 April - 1 May 2014; Toronto, Canada.
[doi: 10.1145/2556288.2557372]

40. Yuan S, Ma W, Kanthawala S, Peng W. Keep Using My Health Apps: Discover Users' Perception of Health and Fitness
Apps with the UTAUT2 Model. Telemed J E Health 2015 Apr 28:735-741. [doi: 10.1089/tmj.2014.0148] [Medline:
25919238]

41. Bhuyan SS, Lu N, Chandak A, Kim H, Wyant D, Bhatt J, et al. Use of Mobile Health Applications for Health-Seeking
Behavior Among US Adults. J Med Syst 2016 Jun;40(6):153. [doi: 10.1007/s10916-016-0492-7] [Medline: 27147516]

42. Oh J, Lee U. Exploring UX issues in Quantified Self technologies. 2015 Presented at: Eighth International Conference on
Mobile Computing and Ubiquitous Networking (ICMU); 20-22 Jan. 2015; Hakodate, Japan. [doi:
10.1109/icmu.2015.7061028]

43. Peng W, Kanthawala S, Yuan S, Hussain SA. A qualitative study of user perceptions of mobile health apps. BMC Public
Health 2016 Nov 14;16(1):1158 [FREE Full text] [doi: 10.1186/s12889-016-3808-0] [Medline: 27842533]

44. Cordeiro F, Bales E, Cherry E, Fogarty J. Rethinking the mobile food journal: Exploring opportunities for lightweight
photo-based capture. 2015 Presented at: 33rd Annual ACM Conference on Human Factors in Computing Systems; 18-23
April 2015; Seoul, South Korea. [doi: 10.1145/2702123.2702154]

45. Chan A, Kow R, Cheng JK. Adolescents’ Perceptions on Smartphone Applications (Apps) for Health Management. Journal
of Mobile Technology in Medicine 2017 Aug;6(2):47-55. [doi: 10.7309/jmtm.6.2.6]

46. Aljuraiban GS. Use of Weight-Management Mobile Phone Apps in Saudi Arabia: A Web-Based Survey. JMIR Mhealth
Uhealth 2019 Feb 22;7(2):e12692 [FREE Full text] [doi: 10.2196/12692] [Medline: 30794205]

47. Dennison L, Morrison L, Conway G, Yardley L. Opportunities and challenges for smartphone applications in supporting
health behavior change: qualitative study. J Med Internet Res 2013;15(4):e86 [FREE Full text] [doi: 10.2196/jmir.2583]
[Medline: 23598614]

48. Woldeyohannes H, Ngwenyama O. Factors influencing acceptance and continued use of mHealth apps. 2017 Presented at:
International Conference on HCI in Business, Government, and Organizations; July 9-14, 2017; Vancouver, BC, Canada.
[doi: 10.1007/978-3-319-58481-2_19]

49. Cordeiro F, Epstein D, Thomaz E, Bales E, Jagannathan A, Abowd G, et al. Barriers and Negative Nudges: Exploring
Challenges in Food Journaling. 2015 Presented at: 33rd Annual ACM Conference on Human Factors in Computing Systems;
18-23 April 2015; Seoul, South Korea. [doi: 10.1145/2702123.2702155]

50. Anderson K, Burford O, Emmerton L. Mobile Health Apps to Facilitate Self-Care: A Qualitative Study of User Experiences.
PLoS One 2016;11(5):e0156164 [FREE Full text] [doi: 10.1371/journal.pone.0156164] [Medline: 27214203]

51. Zhou L, Bao J, Watzlaf V, Parmanto B. Barriers to and Facilitators of the Use of Mobile Health Apps From a Security
Perspective: Mixed-Methods Study. JMIR Mhealth Uhealth 2019 Apr 16;7(4):e11223 [FREE Full text] [doi: 10.2196/11223]
[Medline: 30990458]

52. Warnick JL, Pfammatter A, Champion K, Galluzzi T, Spring B. Perceptions of Health Behaviors and Mobile Health
Applications in an Academically Elite College Population to Inform a Targeted Health Promotion Program. Int J Behav
Med 2019 Apr;26(2):165-174. [doi: 10.1007/s12529-018-09767-y] [Medline: 30632092]

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 6 | e20037 | p. 14https://mhealth.jmir.org/2021/6/e20037/
(page number not for citation purposes)

König et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://dx.doi.org/10.1080/19325037.2017.1335630
http://dx.doi.org/10.1016/j.jand.2017.04.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28625662&dopt=Abstract
http://mhealth.jmir.org/2017/7/e95/
http://dx.doi.org/10.2196/mhealth.7410
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28694241&dopt=Abstract
http://dx.doi.org/10.1080/19325037.2015.1044140
http://dx.doi.org/10.1080/0267257x.2019.1576756
http://dx.doi.org/10.1111/bjhp.12114
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25130682&dopt=Abstract
http://linkinghub.elsevier.com/retrieve/pii/S2214-7829(16)30039-2
http://dx.doi.org/10.1016/j.invent.2016.12.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28286739&dopt=Abstract
http://dx.doi.org/10.1145/2556288.2557372
http://dx.doi.org/10.1089/tmj.2014.0148
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25919238&dopt=Abstract
http://dx.doi.org/10.1007/s10916-016-0492-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27147516&dopt=Abstract
http://dx.doi.org/10.1109/icmu.2015.7061028
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-016-3808-0
http://dx.doi.org/10.1186/s12889-016-3808-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27842533&dopt=Abstract
http://dx.doi.org/10.1145/2702123.2702154
http://dx.doi.org/10.7309/jmtm.6.2.6
https://mhealth.jmir.org/2019/2/e12692/
http://dx.doi.org/10.2196/12692
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30794205&dopt=Abstract
http://www.jmir.org/2013/4/e86/
http://dx.doi.org/10.2196/jmir.2583
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23598614&dopt=Abstract
http://dx.doi.org/10.1007/978-3-319-58481-2_19
http://dx.doi.org/10.1145/2702123.2702155
http://dx.plos.org/10.1371/journal.pone.0156164
http://dx.doi.org/10.1371/journal.pone.0156164
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27214203&dopt=Abstract
http://mhealth.jmir.org/2019/4/e11223/
http://dx.doi.org/10.2196/11223
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30990458&dopt=Abstract
http://dx.doi.org/10.1007/s12529-018-09767-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30632092&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


53. Wang Q, Egelandsdal B, Amdam GV, Almli VL, Oostindjer M. Diet and Physical Activity Apps: Perceived Effectiveness
by App Users. JMIR Mhealth Uhealth 2016;4(2):e33 [FREE Full text] [doi: 10.2196/mhealth.5114] [Medline: 27056639]

54. Kwon M, Mun K, Lee JK, McLeod DM, D’Angelo J. Is mobile health all peer pressure? The influence of mass media
exposure on the motivation to use mobile health apps. Convergence 2016 Apr 10;23(6):565-586. [doi:
10.1177/1354856516641065]

55. 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]

56. Schoeppe S, Alley S, Van Lippevelde W, Bray NA, Williams SL, Duncan MJ, et al. Efficacy of interventions that use apps
to improve diet, physical activity and sedentary behaviour: a systematic review. Int J Behav Nutr Phys Act 2016 Dec
07;13(1):127 [FREE Full text] [doi: 10.1186/s12966-016-0454-y] [Medline: 27927218]

57. Ghelani DP, Moran LJ, Johnson C, Mousa A, Naderpoor N. Mobile Apps for Weight Management: A Review of the Latest
Evidence to Inform Practice. Front. Endocrinol 2020 Jun 24;11:412. [doi: 10.3389/fendo.2020.00412]

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

59. Direito A, Dale LP, Shields E, Dobson R, Whittaker R, Maddison R. Do physical activity and dietary smartphone applications
incorporate evidence-based behaviour change techniques? BMC Public Health 2014;14:646 [FREE Full text] [doi:
10.1186/1471-2458-14-646] [Medline: 24965805]

60. Turner-McGrievy GM, Wilcox S, Boutté A, Hutto BE, Singletary C, Muth ER, et al. The Dietary Intervention to Enhance
Tracking with Mobile Devices (DIET Mobile) Study: A 6-Month Randomized Weight Loss Trial. Obesity 2017
Dec;25(8):1336-1342 [FREE Full text] [doi: 10.1002/oby.21889] [Medline: 28600833]

61. Dunn CG, Turner-McGrievy GM, Wilcox S, Hutto B. Dietary Self-Monitoring Through Calorie Tracking but Not Through
a Digital Photography App Is Associated with Significant Weight Loss: The 2SMART Pilot Study-A 6-Month Randomized
Trial. J Acad Nutr Diet 2019 Sep;119(9):1525-1532. [doi: 10.1016/j.jand.2019.03.013] [Medline: 31155474]

62. König LM, Renner B. Boosting healthy food choices by meal colour variety: results from two experiments and a just-in-time
Ecological Momentary Intervention. BMC Public Health 2019 Jul 22;19(1):975 [FREE Full text] [doi:
10.1186/s12889-019-7306-z] [Medline: 31331299]

63. Gerke S, Stern AD, Minssen T. Germany’s digital health reforms in the COVID-19 era: lessons and opportunities for other
countries. npj Digit. Med 2020 Jul 10;3(1):1-6. [doi: 10.1038/s41746-020-0306-7]

64. Weinstein ND, Lyon JE, Sandman PM, Cuite CL. Experimental evidence for stages of health behavior change: the precaution
adoption process model applied to home radon testing. Health Psychol 1998 Sep;17(5):445-453. [doi:
10.1037//0278-6133.17.5.445] [Medline: 9776003]

65. Attig C, Franke T. I track, therefore I walk – Exploring the motivational costs of wearing activity trackers in actual users.
International Journal of Human-Computer Studies 2019 Jul;127:211-224. [doi: 10.1016/j.ijhcs.2018.04.007]

66. Lally P, Gardner B. Promoting habit formation. Health Psychology Review 2013 May;7(sup1):S137-S158. [doi:
10.1080/17437199.2011.603640]

67. Stawarz K, Cox A, Blandford A. Beyond self-tracking and reminders: designing smartphone apps that support habit
formation. : ACM; 2015 Presented at: 33rd annual ACM conference on human factors in computing systems; 18-23 April
2015; Seoul, South Korea. [doi: 10.1145/2702123.2702230]

68. Schembre SM, Liao Y, O'Connor SG, Hingle MD, Shen S, Hamoy KG, et al. Mobile Ecological Momentary Diet Assessment
Methods for Behavioral Research: Systematic Review. JMIR Mhealth Uhealth 2018 Nov 20;6(11):e11170 [FREE Full
text] [doi: 10.2196/11170] [Medline: 30459148]

69. Burke LE, Warziski M, Starrett T, Choo J, Music E, Sereika S, et al. Self-monitoring dietary intake: current and future
practices. J Ren Nutr 2005 Jul;15(3):281-290. [Medline: 16007557]

70. Ziesemer K, König L, Boushey C, Villinger K, Wahl D, Butscher S, et al. Occurrence of and Reasons for “Missing Events”
in Mobile Dietary Assessments: Results From Three Event-Based Ecological Momentary Assessment Studies. JMIR
MHealth UHealth 2020;8(10):e15430. [doi: 10.2196/preprints.15430]

71. Thomas JG, Bond DS, Ryder BA, Leahey TM, Vithiananthan S, Roye GD, et al. Ecological momentary assessment of
recommended postoperative eating and activity behaviors. Surg Obes Relat Dis 2011;7(2):206-212. [doi:
10.1016/j.soard.2010.10.007] [Medline: 21130703]

72. Boushey CJ, Spoden M, Zhu FM, Delp EJ, Kerr DA. New mobile methods for dietary assessment: review of image-assisted
and image-based dietary assessment methods. Proc Nutr Soc 2016 Dec 12:1-12. [doi: 10.1017/S0029665116002913]
[Medline: 27938425]

73. Michie S, Abraham C, Whittington C, McAteer J, Gupta S. Effective techniques in healthy eating and physical activity
interventions: a meta-regression. Health Psychol 2009 Nov;28(6):690-701. [doi: 10.1037/a0016136] [Medline: 19916637]

74. Lyons EJ, Lewis ZH, Mayrsohn BG, Rowland JL. Behavior change techniques implemented in electronic lifestyle activity
monitors: a systematic content analysis. J Med Internet Res 2014;16(8):e192 [FREE Full text] [doi: 10.2196/jmir.3469]
[Medline: 25131661]

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 6 | e20037 | p. 15https://mhealth.jmir.org/2021/6/e20037/
(page number not for citation purposes)

König et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://mhealth.jmir.org/2016/2/e33/
http://dx.doi.org/10.2196/mhealth.5114
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27056639&dopt=Abstract
http://dx.doi.org/10.1177/1354856516641065
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
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-016-0454-y
http://dx.doi.org/10.1186/s12966-016-0454-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27927218&dopt=Abstract
http://dx.doi.org/10.3389/fendo.2020.00412
http://dx.doi.org/10.1037/0278-6133.27.3.379
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18624603&dopt=Abstract
http://www.biomedcentral.com/1471-2458/14/646
http://dx.doi.org/10.1186/1471-2458-14-646
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24965805&dopt=Abstract
http://europepmc.org/abstract/MED/28600833
http://dx.doi.org/10.1002/oby.21889
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28600833&dopt=Abstract
http://dx.doi.org/10.1016/j.jand.2019.03.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31155474&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-019-7306-z
http://dx.doi.org/10.1186/s12889-019-7306-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31331299&dopt=Abstract
http://dx.doi.org/10.1038/s41746-020-0306-7
http://dx.doi.org/10.1037//0278-6133.17.5.445
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9776003&dopt=Abstract
http://dx.doi.org/10.1016/j.ijhcs.2018.04.007
http://dx.doi.org/10.1080/17437199.2011.603640
http://dx.doi.org/10.1145/2702123.2702230
http://mhealth.jmir.org/2018/11/e11170/
http://mhealth.jmir.org/2018/11/e11170/
http://dx.doi.org/10.2196/11170
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30459148&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16007557&dopt=Abstract
http://dx.doi.org/10.2196/preprints.15430
http://dx.doi.org/10.1016/j.soard.2010.10.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21130703&dopt=Abstract
http://dx.doi.org/10.1017/S0029665116002913
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27938425&dopt=Abstract
http://dx.doi.org/10.1037/a0016136
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19916637&dopt=Abstract
http://www.jmir.org/2014/8/e192/
http://dx.doi.org/10.2196/jmir.3469
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25131661&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


75. Perski O, Blandford A, West R, Michie S. Conceptualising engagement with digital behaviour change interventions: a
systematic review using principles from critical interpretive synthesis. Transl Behav Med 2016 Dec 13:254-267. [doi:
10.1007/s13142-016-0453-1] [Medline: 27966189]

76. Noar SM, Benac CN, Harris MS. Does tailoring matter? Meta-analytic review of tailored print health behavior change
interventions. Psychol Bull 2007 Jul;133(4):673-693. [doi: 10.1037/0033-2909.133.4.673] [Medline: 17592961]

77. Klusmann V, Musculus L, Sproesser G, Renner B. Fulfilled Emotional Outcome Expectancies Enable Successful Adoption
and Maintenance of Physical Activity. Front Psychol 2016;6:1990 [FREE Full text] [doi: 10.3389/fpsyg.2015.01990]
[Medline: 26779095]

78. Gellert P, Ziegelmann JP, Schwarzer R. Affective and health-related outcome expectancies for physical activity in older
adults. Psychol Health 2012;27(7):816-828. [doi: 10.1080/08870446.2011.607236] [Medline: 21867397]

79. Wahl DR, Villinger K, König LM, Ziesemer K, Schupp HT, Renner B. Healthy food choices are happy food choices:
Evidence from a real life sample using smartphone based assessments. Scientific Reports 2017 Dec 06;7(1):17069. [doi:
10.1038/s41598-017-17262-9] [Medline: 29213109]

80. Bandura A. Social Cognitive Theory: An Agentic Perspective. Annu. Rev. Psychol 2001 Feb;52(1):1-26. [doi:
10.1146/annurev.psych.52.1.1]

81. Schwarzer R. Modeling Health Behavior Change: How to Predict and Modify the Adoption and Maintenance of Health
Behaviors. Applied Psychology 2008 Jan;57(1):1-29. [doi: 10.1111/j.1464-0597.2007.00325.x]

82. 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? Health Educ Behav 2012 Sep 17;40(2):133-139. [doi:
10.1177/1090198112452126]

83. Davis FD, Bagozzi RP, Warshaw PR. User Acceptance of Computer Technology: A Comparison of Two Theoretical
Models. Management Science 1989 Aug;35(8):982-1003. [doi: 10.1287/mnsc.35.8.982]

84. Ajzen I. The theory of planned behavior. Organizational Behavior and Human Decision Processes 1991;50(2):179-211.
[doi: 10.1016/0749-5978(91)90020-t]

85. Vandelanotte C, Müller AM, Short CE, Hingle M, Nathan N, Williams SL, et al. Past, Present, and Future of eHealth and
mHealth Research to Improve Physical Activity and Dietary Behaviors. Journal of Nutrition Education and Behavior 2016
Mar;48(3):219-228.e1. [doi: 10.1016/j.jneb.2015.12.006]

86. Kelley CCG, Neufeld JM, Musher-Eizenman DR. Drive for thinness and drive for muscularity: opposite ends of the
continuum or separate constructs? Body Image 2010 Jan;7(1):74-77. [doi: 10.1016/j.bodyim.2009.09.008] [Medline:
19944659]

87. Petticrew M, Egan M, Thomson H, Hamilton V, Kunkler R, Roberts H. Publication bias in qualitative research: what
becomes of qualitative research presented at conferences? Journal of Epidemiology & Community Health 2008;62(6):552-554.
[doi: 10.1136/jech.2006.059394]

88. Franke T, Attig C, Wessel D. A Personal Resource for Technology Interaction: Development and Validation of the Affinity
for Technology Interaction (ATI) Scale. International Journal of Human–Computer Interaction 2018;35(6):456-467. [doi:
10.1080/10447318.2018.1456150]

89. DiClemente C, Carbonari J, Velasquez M. Alcoholism treatment mismatching from a process of change perspective. In:
Alcohol abuse treatment. Totowa, NJ: The Humana Press; 1992:115-142.

90. Graham AK, Lattie EG, Mohr DC. Experimental Therapeutics for Digital Mental Health. JAMA Psychiatry 2019 Aug
21;76(12):1223-1224. [doi: 10.1001/jamapsychiatry.2019.2075] [Medline: 31433448]

91. Baretta D, Perski O, Steca P. Exploring Users' Experiences of the Uptake and Adoption of Physical Activity Apps:
Longitudinal Qualitative Study. JMIR Mhealth Uhealth 2019;7(2):e11636 [FREE Full text] [doi: 10.2196/11636] [Medline:
30735143]

92. European Commission. eHealth Action Plan 2012-2020 - Innovative healthcare for the 21st century. Brussels: European
Commission; 2012.

93. European Commission. eHealth: Digital health and care. 2017. URL: https://ec.europa.eu/health/ehealth/policy_en [accessed
2021-06-14]

Abbreviations
BCT: behavior change theory
DG: design guideline

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 6 | e20037 | p. 16https://mhealth.jmir.org/2021/6/e20037/
(page number not for citation purposes)

König et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://dx.doi.org/10.1007/s13142-016-0453-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27966189&dopt=Abstract
http://dx.doi.org/10.1037/0033-2909.133.4.673
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17592961&dopt=Abstract
https://doi.org/10.3389/fpsyg.2015.01990
http://dx.doi.org/10.3389/fpsyg.2015.01990
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26779095&dopt=Abstract
http://dx.doi.org/10.1080/08870446.2011.607236
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21867397&dopt=Abstract
http://dx.doi.org/10.1038/s41598-017-17262-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29213109&dopt=Abstract
http://dx.doi.org/10.1146/annurev.psych.52.1.1
http://dx.doi.org/10.1111/j.1464-0597.2007.00325.x
http://dx.doi.org/10.1177/1090198112452126
http://dx.doi.org/10.1287/mnsc.35.8.982
http://dx.doi.org/10.1016/0749-5978(91)90020-t
http://dx.doi.org/10.1016/j.jneb.2015.12.006
http://dx.doi.org/10.1016/j.bodyim.2009.09.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19944659&dopt=Abstract
http://dx.doi.org/10.1136/jech.2006.059394
http://dx.doi.org/10.1080/10447318.2018.1456150
http://dx.doi.org/10.1001/jamapsychiatry.2019.2075
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31433448&dopt=Abstract
https://mhealth.jmir.org/2019/2/e11636/
http://dx.doi.org/10.2196/11636
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30735143&dopt=Abstract
https://ec.europa.eu/health/ehealth/policy_en
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by G Strudwick; submitted 12.05.20; peer-reviewed by A Rhodes, A Heidel; comments to author 03.06.20; revised version
received 11.01.21; accepted 01.04.21; published 19.06.21

Please cite as:
König LM, Attig C, Franke T, Renner B
Barriers to and Facilitators for Using Nutrition Apps: Systematic Review and Conceptual Framework
JMIR Mhealth Uhealth 2021;9(6):e20037
URL: https://mhealth.jmir.org/2021/6/e20037/
doi: 10.2196/20037
PMID:

©Laura Maria König, Christiane Attig, Thomas Franke, Britta Renner. Originally published in JMIR mHealth and uHealth
(https://mhealth.jmir.org), 19.06.2021. 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 https://mhealth.jmir.org/, as well as this copyright and license
information must be included.

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 6 | e20037 | p. 17https://mhealth.jmir.org/2021/6/e20037/
(page number not for citation purposes)

König et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://mhealth.jmir.org/2021/6/e20037/
http://dx.doi.org/10.2196/20037
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/

