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Context: Adolescence is a critical stage for improving nutrition. The popularity of
smartphones makes them an ideal platform for administering interventions to ado-
lescents. A systematic review has yet to assess the impact of smartphone app-
based interventions exclusively on adolescents’ dietary intake. Furthermore, despite
the impact of equity factors on dietary intake and the claim for mobile health of
increased accessibility, there is minimal research on the reporting of equity factors
in the evaluation of smartphone app-based nutrition-intervention research.
Objectives: This systematic review examines the effectiveness of smartphone app—
based interventions on adolescents’ dietary intake and the frequency with which
equity factors and statistical analyses specific to equity factors are reported in these
intervention studies. Data Sources: Databases (ie, Scopus, CINAHL, EMBASE,
MEDLINE, PsycINFO, ERIC, and Cochrane Central Register for Randomized Control
Trials) were searched for studies published from January 2008 to October 2022.
Smartphone app-based intervention studies that were nutrition focused, evaluated
at least 1 dietary intake variable, and included participants with a mean age
between 10 and 19 years were included. All geographic locations were included.
Data Extraction and Analysis: Study characteristics, intervention results, and
reported equity factors were extracted. Because of the heterogeneity of dietary out-
comes, findings were reported as a narrative synthesis. Conclusion: In total, 3087
studies were retrieved, 14 of which met the inclusion criteria. Eleven studies reported a
statistically significant improvement in at least 1 dietary outcome because of the interven-
tion. Reporting of at least 1 equity factor across articles’ Introduction, Methods, Results,
and Discussion sections was minimal (n=5), and statistical analyses specific to equity
factors were rare, occurring in only 4 of the 14 included studies. Future interventions
should include a measurement of intervention adherence and report the impact of equity
factors on the effectiveness and applicability of interventions for equity-deserving groups.
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INTRODUCTION
Mobile health and adolescence

Smartphones have become a popular platform for
health-related interventions, due to their increased
accessibility and ability to provide services to a wider
scope of communities at a lower cost in comparison
with in-person interventions.' Specifically, smart-
phone app-based interventions targeting diet are
becoming more prevalent globally,* and research sug-
gests they may improve dietary (eg, fruit and vegetable)
intake and secondary clinical or obesity-related out-
comes (eg, weight, blood glucose level) among children
and adults.*” Smartphone app-based nutrition inter-
ventions are particularly useful for the adolescent popu-
lation because of this group’s frequent use of
smartphones.”'° The majority of youth 15-24 years old
in Canada (97.9%)'° and teens 13-17 years old in the
United States (95%) report owning or having access to a
smartphone,” and many European countries report that
>80% of children 8-16years old use a smartphone
daily.® Furthermore, a systematic review of smartphone
interventions reported that teens find smartphones to
be an acceptable platform on which to view and receive
health information."’

Adolescence is defined by the World Health
Organization as the period of age from 10 to 19 years."?
This period is an important phase of life for diet quality,
because of both physical and social changes.” "
Specifically, adolescents have increased calorie and
micronutrient needs due to puberty and rapid growth,"’
and poor nutrition can significantly impact their cogni-
tive functioning (eg, academic performance, decision-
making),'® physical health,'”” and mental health.'®
Adolescence also entails prominent social changes,
including a growing independence from caregivers
regarding food choices."*'” Furthermore, the dietary
habits formed in adolescence often follow into adult-
hood, increasing or reducing the risk of developing a
chronic disease (eg, cardiovascular disease, diabetes,
cancer).”” Unfortunately, despite the importance of
proper nutrition and the formation of healthy eating
habits during adolescence, many adolescents worldwide
do not meet the global recommendation to consume 5
or more servings of fruits and vegetables per day”* >
and are exceeding the global recommendation for daily
sugar intake (<10% daily energy intake).”**° Thus,
exploring the effectiveness of smartphone app-based
nutrition interventions at improving adolescents’ diet-
ary behaviors is warranted.

Previous systematic reviews have examined smart-
phone app-based nutrition interventions in adults and
found significant improvements in nutrition knowledge
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and dietary intake.”” However, there is a lack of conclu-
sive evidence on the impact of smartphone app-based
interventions on adolescent dietary intake. Existing
reviews on youth smartphone app-based interventions
have focused solely on weight management apps,”® are
limited in geographic location,” or focus exclusively on
weight management outcomes as opposed to dietary
behaviors.”® One systematic review that evaluated the
impact of general digital-based interventions (eg, email,
website, computer games) on adolescent diet and physi-
cal activity called for future research to specifically eval-
uate the effect of smartphone-based interventions on
adolescents.”® Furthermore, to our knowledge, a review
has yet to assess the effectiveness of smartphone app-
based interventions independent of other intervention
components on adolescent dietary intake; previous
reviews evaluated the effectiveness of smartphone inter-
ventions that included other intervention components
simultaneously (eg, in-person counselling or school-
based education sessions in addition to a smartphone
app).&727%0

Equity considerations in mobile health and nutrition
interventions

Although proponents of mobile health (mHealth) claim
this approach is acceptable for diverse and hard-to-
reach communities,”” research has yet to be conducted
on how equity is considered and reported in smart-
phone app-based nutrition intervention research.
Equity is defined by the World Health Organization as
the “absence of unfair, avoidable, or remediable differ-
ences among groups of people, whether those groups
are defined socially, economically, demographically, or
geographically or by other dimensions of inequality.”"
Although gender and/or sex is often reported by
authors to describe their sample characteristics, surpris-
ingly few intervention studies report equity factors such
as ethnicity, socioeconomic status (SES), or place of res-
idence, and the reporting of equity-specific analyses on
intervention effectiveness is rare.’> Equity factors are
often ignored in the implementation and evaluation of
nutrition interventions’>>* despite the significant
impact they have on diet quality,”” which may inad-
vertently widen the already existing gap in health
between the least and most systemically disadvantaged
groups.’® Furthermore, research on mHealth interven-
tions in other health disciplines (eg, chronic disease
management) have shown that such interventions are
heavily affected by equity factors.’”*’ For example, gen-
der has been shown to influence the use of mHealth
platforms by adults, with women being more likely to
use health apps and seek health information online than
are men.*' Furthermore, SES factors, such as income,
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may affect participants’ access to a viable internet con-
nection needed to use smartphone apps,*> and lower
educational attainment is associated with a low uptake
of digital health interventions.*> Thus, a review that
assesses the frequency of reporting equity factors,
including SES, ethnicity, gender and/or sex, and place
of residence, and the use of statistical analyses specific
to equity factors in smartphone app-based interven-
tions is needed.

This systematic review was conducted to examine
(1) the extent to which smartphone app-based nutrition
interventions are effective at improving adolescents’
dietary intake, and (2) whether equity factors such as
SES, ethnicity, gender and/or sex, and place of resi-
dence, and statistical analyses specific to these equity
factors, are reported in these studies, and if so, how
they are reported.

METHODS
Literature search

This systematic review was conducted in line with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA)-Equity extension guideline**
and was registered at Open Science Framework (https://
doi.org/10.17605/OSF.IO/MD43R). To ensure compre-
hensiveness of the literature search, 7 databases in the
nutrition, medicine, and education disciplines were
searched (namely, Scopus, CINAHL, Embase, Medline,
PsycINFO, ERIC, and Cochrane Central Register for
Randomized Control Trials) in October 2022, using a
search strategy of Medical Subject Headings and key-
words developed in collaboration with a research librar-
ian at Western University (see Figure S1 in the
Supporting Information online). Covidence software*
was used during the search to manage retrieved articles
from the databases and remove duplicates for the
screening process. In addition, the references of all
included studies were manually screened for eligible
studies. One study was found through reference screen-
ing and added to the final number of included articles.*®

Inclusion and exclusion criteria

Inclusion and exclusion criteria were devised on the
basis of the Population, Intervention, Control, and
Outcome (PICO) research-question framework
(Table 1).*” For the population, the mean age of partici-
pants in the included studies must have been between
10 and 19vyears, as defined by the World Health
Organization’s adolescent age range.'> Adolescents con-
sidered healthy and those with a chronic disease (eg,
obesity, diabetes, cancer) were included. Smartphone
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app-based interventions needed to be nutrition focused
(eg, nutrition education) but could also target other
health behaviors (eg, mental health, physical activity).
Control groups could either receive no intervention or
a traditional nutrition program (eg, in-person nutrition
education). Intervention components had to be deliv-
ered through a smartphone app only. However, studies
in which the control group received a traditional nutri-
tion program and the intervention group received the
traditional program plus a smartphone app intervention
were also included, but only findings on group differen-
ces, specific to the impact of the smartphone app inter-
vention, are reported in this review. Studies needed to
evaluate at least 1 diet-related outcome variable (which
could vary across studies), and studies could also evalu-
ate other non-nutrition outcomes (eg, physical activity).
All quantitative intervention study designs that eval-
uated the impact of their intervention were included
(eg, randomized control trials, pre-post interventions,
cross-over trials), whereas qualitative and noninterven-
tion designs (eg, cross-sectional studies) were excluded.
All geographic locations were included. Included stud-
ies had to be peer-reviewed published studies and avail-
able in English. Posters, conference abstracts,
perspective papers, editorials, protocol papers, and dis-
sertations were excluded. Finally, only studies published
after January 2008 were included because 2008 is the
year the Apple app store officially launched and smart-
phone apps became available. No inclusion or exclusion
criteria specific to equity were used in this review,
because the purpose was to evaluate the reporting of
equity factors in the included interventions.

Study selection

The title and abstract of each retrieved article were
screened independently by 2 reviewers for eligibility
(H.N.S. and H.AJ.). The same 2 reviewers independ-
ently reviewed the full text. For both title and abstract
and full-text screening, conflicts were resolved from

Table 1 PICOS criteria for inclusion of studies

Parameter Inclusion criteria

Population  Adolescents with mean age between 10 and
19y
Delivered solely through smartphone applica-

tion, included a nutrition component

Intervention

Comparator  No control group (ie, pre-post intervention),
control group receiving no intervention, or
control group receiving traditional nutrition
education

Outcome Dietary intake (eg, fruit and vegetable intake,

added sugar intake, breakfast consumption)
Study design Pre-post intervention, randomized controlled
trial, or nonrandomized controlled trial
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discussion among the 2 reviewers, and when a consen-
sus could not be achieved, a third reviewer adjudicated
(J.A.G.).

Data extraction and quality assessment

The following study characteristics were extracted from
the included studies: title, author(s), year, geographic
location, study design, study objectives, sample charac-
teristics (ie, sample size, mean age, age range, recruit-
ment location, health status), intervention description
(ie, mobile app name, intervention components), time
line, evaluation tool, dietary outcome(s), and interven-
tion result(s) (eg, impact on dietary outcome or out-
comes [ie, difference in means, confidence intervals, if
applicable; P values] and impact of intervention adher-
ence, if applicable). Researchers have found that the use
of theory to underpin the design of behavior change
interventions can influence their effectiveness*®; there-
fore, the reporting of a theoretical underpinning in the
included studies was also extracted. To assess the qual-
ity of included studies, the JBI Checklist for
Randomized Controlled Trials was used to evaluate the
quality of randomized controlled trials (RCTs), and the
JBI Checklist for Quasi-Experimental Studies was used
to evaluate non-RCTs and pre-post intervention stud-
ies.”” Because many of the questions between both
checklists overlap, the JBI tools allow for quality com-
parisons to be made between study designs. Two
reviewers (H.N.S. and H.A.J.) independently assessed
the quality of the studies and resolved any conflicts
between themselves; when consensus could not be
reached, a third reviewer adjudicated (J.A.G.).

Equity reporting checklist

Information related to the reporting of sex and/or gen-
der, SES, ethnicity, and place of residence and to analy-
ses specific to these equity factors in the included
studies was extracted using an equity checklist created
by 1 author (H.N.S.), based on previous reviews on the
reporting of equity factors in general health and physi-
cal activity interventions (Table 2).>°>* The definitions
of these equity factors were based on the PROGRESS
framework.>® The PROGRESS framework, created by
Cochrane Methods, identifies the following as equity
factors that affect health outcomes: place of residence,
race/ethnicity, occupation, gender/sex, religion, educa-
tion, SES, and social capital.*®

For this review, any reference to sex (ie, biological)
and/or gender (ie, identified) was categorized as sex/
gender (S/G). Place of residence was defined as partici-
pants’ living location (eg, town, region, community).
School location was also included as a place of residence
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in this review because adolescents spend a significant
amount of time in their school environment and it can
be an important influence on their health.”® SES,
according to the PROGRESS framework, refers to an
individual’s income.’® However, for the purpose of this
review, SES-related factors was used as an umbrella
term for any variable related to income, educational
attainment, or occupational status, because these factors
are often used interchangeably as components of SES in
the literature.”*>® Furthermore, different levels of SES
status, including individual, parental/guardian, and
family/household were included in this review. The
PROGRESS framework encompasses race, ethnicity,
culture, and language together in the same category.*®
Therefore, any mention of language or cultural iden-
tity-related variables were included in this review under
ethnicity in addition to reporting of race or nationality;
details on what was reported are specified in the results.
Social capital, which refers to community connections
resulting in accessibility to services,”® was not included
in this review, because it is heavily interrelated with
SES.*®*” Religion, defined by PROGRESS as a factor
that can affect one’s access to health services,”® was out-
side the scope of this review and not explored.

RESULTS

Study selection

In total, the database search resulted in 6853 studies.
After removal of duplicates, 3087 studies remained for
title and abstract screening (Figure 1). Of these, 433 were
included in the full-text screening. After assessing the eli-
gibility of studies, 14 met the inclusion criteria and were
included in this review. One additional article was
included after review of reference lists of the 14 studies,
and 1 was removed due to poor quality. Of these 14 total
studies, 13 unique mobile-app interventions were
reviewed. Two studies used the same intervention and
sample population but assessed outcomes over a different
intervention length.”® Because of the heterogeneity of
dietary outcomes examined across the included studies, a
meta-analysis could not be completed. For this reason,
the findings are synthesized as a narrative summary.

Sample characteristics

The mean age of participants ranged from 10.9%° to
18.0 years.®' The total sample size of the studies ranged
from 15°% to 988 adolescents.”> Most studies recruited
participants from secondary schools (n=8).*>*636
Other recruitment locations included obesity or other
health clinics (n=2)°>%; a hospital and a school
(n=2)"%%; secondary schools, post-secondary schools,
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Table 2 Reporting of equity factors checklist

Reference

Questions

1. 1 Introduction: Did authors
discuss how SES is relevant
to the research question
and/or study outcomes?

2.1 Methods: Did authors
report how SES was consid-
ered in the intervention
methodology (eg, recruit-
ment, intervention design,
statistical analyses)

3.1.2 Results: Did authors
report any SES characteris-
tics at baseline?

3.2.1 Results: Were any statisti-
cal analyses reported on
intervention results regard-
ing SES?

4.1 Discussion: Was SES dis-
cussed regarding the applic-
ability and generalizability of
findings?

1.2 Introduction: Did authors
discuss how sex/gender is
relevant to the research
question and/or study
outcomes?

2.2 Methods: Did authors
report how sex/gender was
considered in the interven-
tion methodology (eg,
recruitment, intervention
design, statistical analyses)

3.1.2 Results: Did authors
report any sex/gender char-
acteristics at baseline?

3.2.2 Results: Were any statisti-
cal analyses reported on
intervention results regard-
ing sex/gender?

4.2 Discussion: Was sex/gender
discussed regarding the
applicability and generaliz-
ability of findings?

1.3 Introduction: Did authors
discuss how ethnicity is rele-
vant to the research ques-
tion and/or study outcomes?

2.3 Methods: Did authors
report how ethnicity was
considered in the interven-
tion methodology (eg,
recruitment, intervention
design, statistical analyses)?

3.1.3 Results: Did authors
report any ethnicity charac-
teristics at baseline?

3.2.3 Results: Were any statisti-
cal analyses reported on
intervention results regard-
ing ethnicity?

4.3 Discussion: Was ethnicity
discussed regarding the
applicability and generaliz-
ability of findings?

1.4 Introduction: Did authors
discuss how place of resi-
dence is relevant to the
research question and/or
study outcomes?

2.4 Methods: Did authors
report how place of resi-
dence was considered in the
intervention methodology
(eg, recruitment, interven-
tion design, statistical
analyses)

3.1.4 Results: Did authors
report any place of resi-
dence characteristics at
baseline?

3.2.4 Results: Were any statisti-
cal analyses reported on
intervention results regard-
ing place of residence?

4.4 Discussion: Was place of
residence discussed regard-
ing the applicability and
generalizability of findings?

Describe details on sec-
tion 1 here

Describe details on sec-
tion 2 here

Describe details of section
3.1 here

Describe details on sec-
tion 3.2 here (ie, what
type of analyses,
findings)

Describe details on sec-
tion 4 here

Abbreviation: SES, socioeconomic status.
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and other education centers (n=1)"% and sports aca-
demies and clubs (n=1)." The majority of studies
focused on the general, healthy adolescent population;
however, 3 studies focused on adolescents with clinical
obesity”®>>* and 1 focused on adolescents who sur-
vived pediatric cancer but had been off treatment for
2 years.®

Study characteristics

Geographic study location ranged substantially, with
the majority being from European countries, including
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n=420
Studies excluded

! 1
! |
1 1
I 1
1 1
1 I
1 I
1
: Wrong study design n = 145 :
1
! Abstract only n = 56 ]
: Protocol papers n = 58 !
| Wrong route of administrationn =54
1
: Adult population (>19 years old) n = 30 :
|
: Wrong intervention n =21 !
i Child population (<10 yearsold) n=19 !
: Wrong outcomes n = 17 !
1
: Multi-componentn =7 i
! Not Englishn =7 ]
: Dissertation n =3 ]
i Duplicate study n=1 :
1
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Denmark (n=1),°° Finland (n=1),°' the Netherlands
(n=1)* Belgium (n= 1),** the United Kingdom
(n=1),"° Spain (n= 1),** and Portugal (n= 1).%°
Others were conducted in the United States (n = 2),°>%°
Thailand (n=2),%"° Singapore (n= 1), Korea
(n=1)," and India (n=1)."® Studies were published
between 2012 and 2021 (almost 50% were published in
2020-2021). Most studies were either RCTs
(n=5)>%%616598 op cluster RCTs (n=1)," a pre-post
intervention design with (n = 4),50:63:6466 1 without a
control group (n = 2).5%%7 One study, which the authors
referred to as a single-cohort study, was included
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because it involved a 3-month pre-post intervention,*’
and another was a parallel-intervention study.”’ The
intervention time line ranged from only 9 days® to 6
months, which was the longest intervention.*®

Of the 13 different smartphone app-based interven-
tions, all were intended to improve or influence dietary
habits as the primary goal (n=7),°*0b0305676870 54 4
combined objective with improving physical activity
(n = 3),**%>%* a5 a secondary objective to weight manage-
ment (n=23),%""% or as a significant component of an
intervention aimed to improve general health habits
(n=1).%® In total, 5 of the smartphone apps are publicly
available,”*>**%° and the other 7 were either removed
from public sites or were never publicly available.*>**~
00.62-6467.70 One smartphone app intervention did not
have a name reported®’and thus could not be searched
on public sites. All smartphone apps included an educa-
tional component via the provision of daily tips, educa-
tion modules, or games related to healthy eating
(n=4),'%°%%*% provision of personalized feedback to
participants or in-app virtual rewards for meeting diet-
related goals based on dietary tracking (n = 4),°">%>7 or
both (n=6).38°262636667 Gix  of the smartphone
apps used gamification.*>**0>**%3% The majority of
smartphone apps included a daily food record or dietary
tracking component as part of the intervention
(n= 11),5 6365676970

A variety of dietary outcomes were measured
across studies, with the most common being daily fruit
and/or vegetable (FV) intake (n =7), either servings per
day*®°*0>%%70 or consuming FVs every day”™”’; sugar
consumption (n=7, including consumption of sugary
beverages,”®*>* fizzy drinks,” or soft drinks*® (total
sugar intake/day)," or percentage of daily calories from
sugary foods®’; and total calorie intake per day
(n=4).56267% Muyltiple studies also explored snack
intake (n=>5), including healthy snack ratio,”” snack
consumption portions per day,*® unhealthy snacks per
day (eg, chips, candy)®, healthy snack choice,”® and
consumption of savory and chocolate snacks.”’ Other
studies explored frequency and healthfulness of break-
fast,’” macronutrient consumption,®"*’ fiber consump-
tion,’"** and consuming fast foods <3 times per
week.”®* Diet-quality scores were also used as a dietary
outcome (n=2), including the Mediterranean Diet
Quality Index (KIDMED) score,®* which is based on
adherence to the Mediterranean diet,”' and the
Adolescent Lifestyle Profile questionnaire nutrition
score,® which is based on consumption of FVs and
milk, and limiting fat and sugar intake.”> Dietary out-
comes were often evaluated wusing 3-day or
intervention-long food diaries (n=3),°"*>”° validated
24-h food frequency questionnaires (n = 3),*>%>% 24-h
recall conducted by trained reviewers (n= 1),Y a
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validated diet quality tool or questionnaire (n = 2),%%%

a nonvalidated questionnaire (n=3),"*>° a photo diet
journal (n= 1),°® or observed food choice (n=1).%®

Study quality

The methodological quality of the included studies was
variable and broadly attributable to study design
because RCTs and nonrandomized controlled interven-
tions often had higher quality ratings than did pre-post
interventions (Table S1 in the Supporting Information
online).*>**7%73  Across both RCT and quasi-
experimental studies, lower quality scores were often
attributed to the use of self-reported dietary intake
data, which lack reliability and often are critiqued but
commonly used in nutrition research.”* Furthermore,
participant follow-up was often incomplete, and differ-
ences between dropouts and study participants were
scarcely reported. Specifically, in RCT studies, blinding
of the researchers and/or participants was uncommon,
likely due to the difficulties of applying blinding proce-
dures to education-based as opposed to medical treat-
ment interventions.”> Overall, most studies included
the use of appropriate statistical analyses; the four stud-
ies given a “no” were due to inadequate sample size or
statistical power for the conducted analyses according
to their reported sample-size calculation. The study
with the lowest quality rating was a pilot study with a
sample size of 7 adolescents.”” This study was deemed
poor enough in quality to bias the review’s results and
was excluded from the final sample of studies (Table S1
in the Supporting Information online).*>>%7%7

Theoretical framework

A theoretical underpinning used in the design of smart-
phone app-based interventions was reported in half of
the studies included in this review (n=7)*:62-66:68
(Table S2 in the Supporting Information online).
Of these studies, some reported specific theories (n =5),
including social cognitive theory,*> self-determination
theory,” transportation  theory,®*  self-
regulation theory,*® the health information technology
acceptance model,® and the dual-process model.”®
Others reported evidence-based theoretical behavior
change components as the basis for their nutrition inter-
vention (n=4), such as social support,”* implicit learn-
ing,°® intrinsic motivation,”® self-efficacy,” and positive
or negative reinforcement.®”

46,58-70

narrative

Dietary intake findings

In total, 11 of the 14 included studies reported a statisti-
cally significant positive outcome in at least 1 of their

473


https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuad058#supplementary-data
https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuad058#supplementary-data
https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuad058#supplementary-data
https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuad058#supplementary-data
https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuad058#supplementary-data

dietary outcome variables (Table3).*>**”7° Only 1 of
the 7 studies that evaluated FV intake found a statisti-
cally significant difference.”” Rageliené et al*® found
that participants in the intervention group who used an
app that included a FV food diary and games to pro-
mote healthy eating had a higher pre-post intervention
change in fruit intake compared with the control group,
resulting in a significant difference by time and group
with a medium effect size (P =0.006; * = 0.064). There
were no significant differences found for vegetable
intake in this study.®

Only 1 of the 7 studies evaluating sugar intake
found significant changes as a result of participating in
the smartphone intervention.”” Jimoh et al’® found
from their 2-phase intervention that participants signifi-
cantly decreased their self-reported consumption of
daily “fizzy” drinks (P=0.002) while recording their
food intake on a smartphone app that sent them per-
sonalized feedback on their food intake, compared with
when the same participants used a paper diary.

Similarly, only 1 of the 4 studies that evaluated
caloric intake reported a significant finding.*” In the
study of Chew et al,”” the pre-post intervention, which
targeted adolescents with obesity and included a daily
food diary, encouragement of healthier food consump-
tion, and short coaching sessions through a smartphone
app, resulted in a 300 mean caloric reduction per day
after the 12-week intervention (P=0.04), and a 332
mean caloric reduction per day from baseline to 6-
month follow up (P=0.02).

Two studies that evaluated snack choice or snack
consumption (n=5) reported significant results.’®”°
When using the smartphone app, participants in the
Jimoh et al”® 2-phase intervention study reported signif-
icantly less chocolate snack consumption occasions per
day when using the smartphone app compared with
using the paper diary (P=0.01). In the RCT conducted
by Kato-Lin et al,®® in which participants played a
smartphone app-based nutrition game once per week
for 2 weeks, intervention participants had a significantly
higher healthy snack choice score than the control
group, resulting in a large effect size (P=<0.001;
Cohen’s d =1.25).

Both of the studies that evaluated change in diet-
quality score showed significant results.”**® Benavide
et al®* reported a greater increase in KIDMED score in
their intervention group, which used a smartphone app
that sent participants personalized healthy eating tips,
included a virtual reward system for self-reported goal
achievement, and allowed for interaction between app
users, resulting in a significant time (P=0.001;
F,=10.27) and group difference (P =0.03; F; = 4.629).
Similarly, in the Sousa et al study,’® the intervention
used a smartphone app that sent intervention
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participants’ daily challenges to receive virtual rewards,
personalized healthy eating messages, and a self-
monitoring feature for dietary intake. The researchers
found a statistically significant group difference in
nutrition scores with a small effect size (P=0.03;
112 =0.03), because the mean score for the smartphone
app plus school education group slightly increased,
whereas the school-education-only group’s score
decreased after the intervention.

Smartphone app-based interventions also had a
significant impact on a variety of other dietary out-
comes. Byrne et al®® found that when participants
received positive and negative feedback from a virtual
pet regarding their breakfast intake on a smartphone
app, participants had a greater likelihood of consuming
breakfast. However, there was no significant difference
in the healthfulness of breakfasts consumed between
groups.®” In the Heikkili et al study,®" results from the
intervention showed that daily grams per kilogram of
body weight of protein increased in the education plus
app group, which used an app to record their food
intake using a photo journal and received personalized
feedback on their daily intake, but not in the education-
only group, although the increase was clinically negli-
gible. In the short-term study (ie, 2 months) of
Likhitweerawong et al,”> examining the tablet/
smartphone-based (OBEST) intervention in adolescents
with obesity, a significant increase was noted in inter-
vention participants drinking milk every day after the
intervention. On the other hand, in their long-term
study, Likhitweerawong et al®® showed that
intervention-group participants were significantly more
likely to consume fast food <3 times per week at 6-
month follow-up from the start of the intervention than
those in the control group. The smartphone app used in
the Likhitweerawong et al studies®*” included a dietary
intake recorder, virtual goal and rewards system, daily
healthy eating tips, and messaging from a healthcare
provider. The Diet-A smartphone application pre-post
intervention implemented by Lee et al® which
involved participants recording their dietary intake and
then receiving personalized feedback on their disease
risk based on their food intake, determined that partici-
pants’ sodium intake significantly decreased following
the intervention; however, participants’ calcium intake
also significantly decreased.

Intervention adherence

More than half of the studies (n = 11) reported on inter-
vention adherence (Table S2 in the Supporting
Information online),*”* 7% such as the percentage of
intervention participants who engaged with the app,
app logins per week, or app food-diary
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Table 3 Summary of key study findings by intervention length (N = 14)

Reference Interventio- Sample size Age range Sex/gender Design Evaluation Tool Outcome Key findings (mean App features
n length (N) (mean), y (%) or %)
Sousa et al. 6 mo 204 12-16 (12.4) 422 M, 578 F Pre-post with ALP ALP nutrition score IG: 0.02 increase® Personalization; diet-
(2020)% control questionnaire CG: 0.07 decrease ary tracking; partici-
pant interaction
Benavides et al. 14 wk 301 NR (12.8) 542 M, 45.8 F Pre-post with KIDMED score KIDMED score IG: 0.90 increase® Personalization; virtual
(2021)%* control CG: 0.20 increase rewards; participant
interaction
Chew et al. 3mo,6-mo 21 at3mo 10-17 (13.8) 58 M,42F  Pre-post V, 3-d record Calories/d 300-kcal decrease Dietary tracking and
(2021)%° follow-up 20 at 3mP feedback
6 mo 332-kcal decrease
6mP
Veg servings/d NS
Rageliené et al. 3 mo 118 9-13(10.9) 458 M, 54.2 F Pre-post with NV, Fruit servings/d IG: 0.62 increase® Dietary tracking;
(2022)%° control questionnaire CG: 0.04 increase gamification
Veg servings/d NS
Unhealthy Snacks/d NS
Lee etal. 3 mo 33 16-18 (17.2)  27.3M,72.7 F Pre-post V, 24-h recall Sodium mg/d 807 mg/d decrease® Dietary tracking and
(2017)%” Calcium mg/d 145mg/d decrease®  feedback;
Iron mg/d NS personalization
Calories/d NS
CHO g/d NS
PRO g/d NS
Fat g/d NS
Saturated fat g/d NS
Likhitweerawo- 8 wk, 70 10-15(13.0) 685M,31.5F RCT NV, Fast food <3/wk IG: 85% of Virtual rewards; diet-
ng et al. 6-month questionnaire participants® ary tracking and
(2021)°® follow-up CG: 57% of feedback
participants
SSB <3/wk NS
Snack <3/wk NS
FV every day NS
Milk every day NS
3 meals/d NS
Likhitweerawo- 8 wk 70 10-15(13.0) 685M,31.5F RCT NV, Milk every day IG: 45% of partici- Virtual rewards; diet-
ng et al. Questionnaire pants to 66% of ary tracking and
(2020)*° participants® feedback
Fast food <3/wk NS
SSB <3/wk NS
Snack <3/wk NS
FV every day NS
3 meals/d NS
8 wk 15 12-17 (14.8) 60 M,40F  Pre-post V, FFQ FV servings/d NS
Calories/d NS

(continued)
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Table 3 Continued

Reference Interventio- Sample size Age range Sex/gender Design Evaluation Tool Outcome Key findings (mean App features
n length (N) (mean), y (%) or %)
Fuemmeler Total fat g/d NS Gamification; dietary
etal. Fiber g/d NS tracking and
(2020) FV fiber g/d NS feedback

Kcal from sweet foods NS
Sugary beverages g/d NS

Heikkila etal.  5-week 79 16-20 (18.0) 56 M,44F RCT NR, food diary PRO g/kg/d IG: 0.1 increase® Dietary tracking
(2019)% interven- 17 wk (photo) and
tion, 17- CG: No change feedback
week fol- 17 wk
low-up PRO g/d NS
% total energy NS
CHO g/kg/d NS
CHO g/d NS
% total energy NS
Fat g/kg/d NS
Fat g/d NS
% total energy NS
Saturated fat g/d NS
MUFA g/d NS
PUFA g/d NS
Calories/d NS
Fiber g/d NS
Sugar g/d NS
Jimoh et al. 4-wk paper 30 16-19(17.0) 324 M,67.6 F 2-Phase parallel  NR, Food diary ~ Chocolate snacks/d Mean difference NR® Dietary tracking and
(2018)"° diary; 4- Savory snacks/d NS feedback
wk app Fizzy drinks/d Mean difference NR®
diary Cereals/d NS
Fruit occasions/d NS
Veg occasions/d NS
Spook et al. 4 wk 231 15-21(17.3)  37.2M, 628 F Cluster RCT V, FFQ Fruit servings/d NS Gamification
(2016)* Veg servings/d NS
Snack portions/d NS
Soft drinks/d NS
De Cock etal. 4wk 988 14-16 (14.9) 59.4 M, 40.6 F Pre-post with V, FFQ Healthy snack ratio NS Gamification; dietary
(2018)%3 control tracking and feed-
back; virtual
rewards
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Table 3 Continued

Reference Interventio- Sample size Age range Sex/gender Design Evaluation Tool Outcome Key findings (mean App features
n length (N) (mean), y (%) or %)
Kato-Linetal. 2wk 58 10-11 (NR) 56.7 M, 433 F RCT Observation Good food (ie, snack) IG: 2.48° Gamification
(2020)%® choice CG: 1.10
Bryne et al. 9d 39 12-14(13.1)  56.4 M, 43.6 F RCT NR, photo No. of breakfasts/9 d Pos/Neg group: Gamification; dietary
(2011)% journal 0.52° tracking (photo)
Pos only group: 0.27  and feedback
Control: 0.20
Healthfulness of NS
breakfast
aSignificant by group.
BSignificant by time.

“Significant by group and time.

Abbreviations: ALP, Adolescent Lifestkjle Profile; CG, control group; CHO, carbohydrate; F, female; FFQ, Food Frequency Questionnaire; FV, fruit and vegetables; IG, intervention group; M, Male;

UFA, monounsaturated fatty acid;
trolled trial; V, validated; Veg, vegetables.

eg, negative; NR, not reported; NS, not significant; NV, not validated; Pos, positive; PRO, protein; PUFA, polyunsaturated fatty acid; RCT, randomized con-



completion,*®>%3617666%70 Of these studies, many
reported poor engagement with the app intervention
(n=6),*7262636%70 ywhereas only 1 study reported
good participant engagement.®’ Three studies explored
whether adherence to the app affected the intervention
results.***>% De Cock et al* found that there were no
differences in healthy snack ratio after the intervention
among their control group, low-app-use group, and
high-app-use group. Spook et al*® found their interven-
tion did not affect participants’ dietary intake; however,
once they analyzed their results by self-reported app
use, there was a significant decrease in snack consump-
tion among active app users in comparison with the
control group (P=0.01). Similarly, despite the inter-
vention in the Fuemmeler et al study®® not significantly
affecting participants’ diet, once analyzed by app use,
the researchers determined that non-app users’ mean
grams of sugary beverage intake per day increased after
the intervention, whereas that of the app users did not,
resulting in a significant group and time interaction
(P=10.038). However, they also found that the percent-
age of daily calories from sweet foods significantly
increased in the app-user group but not in the non-
app-user group, resulting in a significant group and
time interaction (P = 0.049).

Reporting of equity factors

In total, authors of 5 of the 14 studies reported the consid-
eration of at least 1 equity factor throughout the
Introduction, Methods, Results, and Discussion sections
of their article,*®>%%%*7 and 3 authors reported all 4
equity factors at least once in their study’>>>®
(Table 4)****7°, The most commonly reported equity fac-
tor was S/G, predominantly in the Results section, when
describing participants’ baseline characteristics, which
occurred in all 14 studies. SES-related factors were the sec-
ond most frequently reported equity factor across studies.
Examples of SES-related factors that were reported in the
Results  sections  included median  household
income,*>%>% parental education level,”” mother’s educa-
tion level,®” parental employment,*’ participants’ technical
vs vocational education status,"**> and participants’
General Certificate of Secondary Education educational
attainment score.”” SES-related factors were also fre-
quently discussed in the Introduction section in reference
to SES or economic factors being an important influence
or predictor of dietary choice® or obesity risk,***® or
referring to lower SES groups as at-risk groups that should
be targeted for health promotion initiatives.”

Ethnicity was reported less often and was fre-
quently described in the baseline Results and the
Discussion sections. Two studies, using the same inter-
vention, reported ethnicity in the Methods section, as
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ethnicity was part of their inclusion criteria, with all
participants having to be of Thai ethnicity.”®>® For
baseline results, only 4 studies reported participants’
ethnicity. One study reported that 87% (13/16) of their
study participants were White and did not report the
ethnicity of the other participants.®” A different study
reported that 84% of their sample was Caucasian, and
the rest identified as biracial, of mixed race, or “other”,
without specifying their race or ethnicity.”” One study
categorized their participants as either Dutch or non-
Dutch,*® while another study reported the ethnicity of
their participants as Chinese, Malay, Indian, or
“other.”®® Place of residence was sparsely reported
across studies, and what was reported varied consider-
ably. For example, in the Introduction section of 2 stud-
ies, mention of the school and community,®® and the
general physical environment,”® were reported as con-
tributing factors in relation to adolescent obesity. In the
Methods section, Likhitweerawong et al®®>® reported all
participants had to live in the same province as an
inclusion criterion. De Cock et al®® enrolled participants
from selected cities with comparable socio-economic
characteristics, population density, and size to minimize
differences between the intervention and control
groups. Rageliené et al*® noted that although their par-
ticipants were recruited from various schools, public
schools in Central Denmark are similar in terms of class
sizes and socioeconomic characteristics. The Results
section of 1 study simply reported that the school where
participants were enrolled was in a northeastern US
agricultural community,”” whereas a different study
specifically reported the percentage of participants
enrolled from different school districts.*®

A commonality across the reporting of equity fac-
tors in the Discussion section of reviewed articles was
that authors reported the need for their research to be
explored in more demographically, socioeconomically,
and culturally diverse sample populations.®>*>> Other
studies reported equity factors specific to their interven-
tion findings. For example, Chew et al® suggested that
because the majority of participants in their study were
from lower-income situations, had lower levels of edu-
cational attainment, and belonged to a racial or ethnic
minority group, that their intervention may be useful
for reaching equity-deserving groups. Similarly, Spook
et al*® reported they included a range of interactive
game components to increase intervention engagement
with low-SES youth, who have been shown in previous
research to be less engaged with health interventions.
Likhitweerawong et al’” reported a limitation of their
study is that they did not include SES as a confounding
variable. De Cock et al®® suggested that different app
strategies may be needed to improve snacking habits of
teens depending on sex, such as more explorative-style
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Table 4 Reporting of equity factors summary table (N = 14)

Reference Introduction Methods Results: characteristics Results: analyses Discussion
1.1 1.2 13 2.1 2.2 2.3 24 3.1.1 3.1.2 3.1.3 3.14 3.2.1 322 323 324 41 42 43 44
SES S/G ETH SES S/G ETH POR SES S/G ETH POR SES S/G ETH POR SES S/G ETH POR

Benavides et al (2021)%* X X X

Bryne et al (2012)%° X X X X X X

Chew et al (2021)%° X X X X X

De Cock et al (2017)% X X X X X X X X X

Fuemmeler et al (2020)°? X X X X

Heikkil3 et al (2019)° X X

Jimoh et al (2018)"° X X X X X X X X

Kato-Lin et al (2020)%® X X

Lee et al (2017)% X X

Likhitweerawong et al (2021)°® X X X X X

Likhitweerawong et al (2020)*° X X X X

Rageliené et al (2021)%° X X X X X X

Sousa et al (2019)%° X X X X X X X X

Spook et al (2016)* X X X X X X X X X X

Abbreviations: ETH, ethnicity; POR, place of residence; SES, socioeconomic status; S/G, sex/gender.



games for girls and more competitive-style games for
boys. Sousa et al®® called for research to focus on the
cultural and social influences of school environments
on mHealth interventions.

Reporting of statistical analyses specific to equity
factors

Four studies conducted analyses related to their interven-
tions specific to reported equity factors. Three studies
explored variation in intervention adherence and uptake
by comparing equity-related baseline characteristics of
high- vs low-adherence participants.****”® De Cock
et al” explored how gender and the education sector
influenced app use and found no significant differences
for gender but that those with high use of the app were
more likely to be enrolled in general-level education
compared with technical or vocational education. Jimoh
et al”’ conducted a similar analysis to determine if food-
record completion varied by reported sex and/or the
educational attainment scores of the adolescent partici-
pants and found no significant differences in completion
rates. Similarly, Spook et al*® compared baseline reported
characteristics (ie, gender, ethnicity, and education sec-
tor) between active and nonactive users in the interven-
tion group and found no significant differences.
Variation in intervention effectiveness in relation to
equity factors was explored in 2 studies. To analyze how
sex affected the relationship between sensitivity to reward
and healthy snack intake in adolescents, De Cock et al®’
used a multilevel impact analysis and found that in boys,
healthy snack intake increased with higher sensitivity to
reward (b= 1.38; standard error, 0.59; P < 0.05), whereas
in girls, there was an opposite effect (b =-1.90; standard
error, 0.94; P < 0.05). Sousa et al®® conducted a repeated
measures analysis to determine the impact of gender and
school district on intervention results and a univariate
analysis to determine if gender or school district were
predictors of effectiveness in their intervention group
only in adolescents. Sousa et al®® found that gender did
not have a significant effect in either analyses, but they
determined there was a significantly larger variation in
mean nutrition scores between the intervention and con-
trol groups in 1 school district (ie, place of residence),
suggesting the intervention may have had a greater
impact in 1 school district than in the other 2.

DISCUSSION

Impact of smartphone app-based interventions on
dietary intake

Opverall, this review provides evidence that smartphone
app-based dietary interventions can positively influence
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dietary outcomes in adolescents: 11 of the 14 interven-
tion studies found a significant improvement in at least
1 dietary intake outcome. However, many of the studies
evaluated multiple dietary-outcome variables, which
makes it difficult to specify the extent to which smart-
phone app-based interventions affect specific dietary
outcomes. In total, 12 of the 63 dietary outcome varia-
bles evaluated across the 14 studies in this review
showed a statistically significant improvement. The
most common dietary outcomes explored were FV
intake, sugar intake, and total daily caloric intake. This
is similar to previous systematic reviews evaluating
either all ages or general electronic health (eHealth)
interventions in adolescents,”’® and these dietary
behaviors are commonly targeted in adolescent nutri-
tion interventions.”” Regarding the impact of smart-
phone app-based interventions on specific dietary
intake outcomes, 1 study found a significant improve-
ment in fruit, but not vegetable, intake.®” The signifi-
cant increase in fruit, but not vegetable intake has been
found in previous nutrition intervention studies’® and
may be related to adolescents regularly consuming
more servings of fruits than vegetables.””* One study,
whose main objective was weight management,
reported a mean reduction of 300 calories at both time
points in the study of adolescents with obesity, which
holds substantive clinical significance in comparison
with the other findings.”” In their meta-analysis,
Villinger et al” found that smartphone app-based inter-
ventions in a predominantly adult population had a sig-
nificant impact on FV intake, but not on calorie intake,
and Champion et al,’® in their meta-analysis on eHealth
school-based interventions in youth, also found that
overall the interventions increased FV intake.
Considering only 1 of the 7 studies exploring FV intake
and 1 of the 4 studies exploring caloric intake in this
review reported a significant outcome, smartphone app
interventions may only have a small influence on FV
and caloric intake in adolescents overall. One study in
this review found a significant decrease in “fizzy drink”
consumption.”® This is a promising finding because
sugar-sweetened beverage intake is a priority nutrition
concern for adolescents; they consume it regularly
worldwide®"®? and it is associated with obesity, dental
caries, and potential insulin resistance.®® In regard to
snack intake, 2 of the 5 studies reported significant find-
ings. One reported a decrease in unhealthy snack con-
sumption,”® and the other reported an increase in
adolescents choosing the healthy snack option.®® These
findings differ from that of the Champion et al’® meta-
analysis, which found that school-based general eHealth
interventions (eg, web-based, email, text messaging) did
not decrease the consumption of sugar-sweetened bev-
erages or high-energy snacks among adolescents.
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Smartphone app-based interventions may be more
effective at decreasing consumption of sugar-sweetened
beverages and high-energy snacks in comparison with
other eHealth interventions; however, it still is a mild
influence: only 1 of 7 studies exploring sugar intake and
2 of the 5 exploring snack intake reported significant
beneficial changes in this review.

Smartphone app-based interventions also have a
positive impact on diet-quality indices among adoles-
cents. Both studies in this review that evaluated diet-
quality scores reported significant positive changes
because of their intervention.®**® Although the score
changes were small and may lack clinical significance,
the results are promising. Similarly, Scarry et al*
reported that diet-quality improved in 60% of studies
(n = 6 of 10) included in their systematic review of
mobile interventions on adult diet quality.

App components varied across studies, with either
diet education and healthy eating messaging, diet track-
ing, or both as the primary mechanisms used to pro-
mote dietary behavior change. Similarities in app
components across studies that reported significant
findings include the use of personalized healthy eating
tips and recommendations (n=5),’ 8,59,64,66,67 goal set-
ting and virtual rewards systems (n = 4),”>>>%*% gami-
fication (n=3),°"%>% and providing personalized
feedback based on reported dietary intake (n=2).°""°
Similarly, tailored messages, reward systems, and gami-
fication were found to be components of effective inter-
ventions in the Schoeppe et al® systematic review of
apps for diet, physical activity, and sedentary behavior
in predominantly adults, showing the potential benefit
of these app features for health promotion interven-
tions. However, because of the variation in app compo-
nents used across studies and the variation of dietary
outcomes evaluated in this review, conclusions on the
effectiveness between individual smartphone app fea-
tures on adolescents’ dietary outcomes cannot be
drawn. Dietary tracking or logging was used in 11 of
the 13 different smartphone apps.”® ¢>>¢76%70
Although dietary tracking or food logging is prevalent
in dietary smartphone apps,** there is concern about
how this may affect disordered eating, because engaging
with smartphone diet tracking has been found to be
associated with maladaptive® and disordered® eating
behaviors among youth. Furthermore, extra considera-
tion is warranted when using diet tracking in an adoles-
cent population, because disordered eating behaviors
and diagnoses often emerge in adolescence,””*® and
adolescents who engage in dieting are at an increased
risk for disordered eating behaviors in adulthood.®

Numerous studies reported varied compliance and
intervention adherence, with 6 studies reporting poor
compliance,**>*%>%*%*7 and 1 study reporting good
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compliance.®’ How authors evaluated compliance varied
across studies, making it difficult to compare their find-
ings. Length of intervention across studies reporting
poor compliance ranged from 4 weeks'®® to 3
months.*” Five of the 6 studies that reported poor com-
pliance required participants to record their daily food
intake, either as a food diary‘:’9’69’70 or as part of the
intervention’s smartphone game.>®* Tt is possible that
the burden of manually recording their daily food intake
may be a contributor to poor intervention compliance
in adolescents, because dietary recording for interven-
tions, even on a mobile device, has been reported as bur-
densome for adults in previous research.”
Comparatively, Heikkild et al®’ who reported good
intervention compliance with their 5-week intervention,
also included a daily food diary, but they used a photo-
graph method that allowed participants to take photos
of their meals as opposed to manually inputting them
into the app, which may have alleviated some of the par-
ticipant burden. Three studies included an evaluation of
how participant adherence influenced intervention out-
comes,*****® of which 2 determined adherence to the
smartphone intervention significantly influenced the
effectiveness of their intervention on dietary out-
comes.*®®* The Schoeppe et al® review of app interven-
tions found a similar finding in that all 3 of their
included studies that evaluated app adherence reported
that more app use was related to greater improvements
in physical activity and healthy eating. Furthermore,
Gonzilez et al”! concluded in their secondary analysis of
intervention participants’ results that greater adherence
to their smartphone intervention improved dietary out-
comes compared with intervention participants who did
not engage with the app. This provides evidence that
participant adherence, or dose of intervention, may
greatly contribute to the effectiveness of smartphone
app-based interventions. Thus, intervention adherence,
using app analytics such as frequency of app interaction,
should be reported and considered in future smartphone
app-based nutrition interventions when evaluating
impact on dietary intake. Future interventions should
also consider using app components that may improve
adherence. A scoping review on participant engagement
with smartphone app interventions reported that per-
sonalized content and feedback, data visualization, push
notifications, educational material, self-monitoring fea-
tures, and goal setting capabilities are app components
associated with increased participant engagement.”>

Possible mediating factors of intervention
effectiveness

Two of the studies with nonsignificant findings were
located in a similar geographic location (ie, Belgium
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and the Netherlands).**®® The World Health
Organization European Region report indicates that
Belgium has one of the highest rates of adolescents con-
suming FVs daily but also higher rates of sweets con-
sumption compared with other European countries.””
Considering this, differences in outcomes could be
related to dietary or cultural differences, and it is possi-
ble that smartphone app-based interventions may be
more effective at changing dietary intake in countries
outside central-western Europe.

Variation in intervention length may have also
influenced intervention effectiveness. For example, all
of the studies that reported only nonsignificant dietary
outcome findings contained interventions that were <8
weeks in duration,*®*>®* whereas all of the interven-
tions that were >12 weeks long were associated with a
significant positive finding in at least 1 of their dietary
intake outcomes.®>**®>7% Thuys, it is plausible that
smartphone app-based interventions may need to be
implemented over a longer period than 8 weeks, with
12 weeks being a preferred duration for intervention
effectiveness. This is consistent with a previous review
of nutrition and physical activity interventions in post-
secondary students.”

Only 7 of the 12 smartphone apps were theoreti-
cally informed, according to the authors’ report-
ing.*>%*7%%% Similarly, in their literature review on
mobile apps for adolescent health promotion, Dute et
al”* found 5 of the 12 included apps clearly reported a
theoretical underpinning. This lack of theory is less
than ideal, because researchers have found that the
use of theory in health promotion interventions can
improve an intervention’s effectiveness,*® and being
theoretically based is a component for an effective
nutrition intervention.”> However, in this review,
intervention results did not meaningfully vary by the
reported use of theory. Of the 7 studies that reported a
theoretical underpinning, 4 found at least 1 significant
result®®>%® and the other 3 studies reported only
nonsignificant results.*>°>* This is a similar finding
to those of Milne-Ives et al °° in their systematic
review on behavior-change mobile app interventions
in predominantly adults. Those authors reported use
of a theory did not appear to change intervention
effectiveness. There also did not appear to be any
unique differences between the type and quantity of
theories reported by authors in the included studies
that were effective vs not; however, because only 7
studies in this review reported the use of theory, con-
clusions cannot be drawn on which behavior-change
theories or techniques are most effective at influenc-
ing smartphone app-based nutrition interventions in
adolescents.
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Reporting of equity factors

Opverall, the frequency of reporting equity factors across
the 14 included studies was limited: only 4 of the 14
articles reported at least 1 equity factor in the
Background, Methods, Results, and Discussion sections.
S/G and SES-related factors were the most commonly
reported equity factors. When race or ethnicity was
reported, researchers often categorized participants as
belonging to either a single ethnicity or to an “Other”
category that was not specified. Although this practice
is still common in health research, it not only provides
insufficient understanding of the ethnicity and cultural
background of the participants in the study, it also dis-
regards the nuanced differences in the ways these
groups have been historically and systemically
oppressed.”” Therefore, it is advised that when research-
ers collect information on ethnicity, they should aim for
inclusivity by providing comprehensive categories for
participants to choose from,”® and when reporting eth-
nicity, it is advised that researchers report all ethnicities
in their sample, specifying which ethnicities are
included under “Other,” if listed as a category, unless
the sample size is so small that it could potentially iden-
tify participants,” which may have been the case for
some studies included in this review. Place of residence
was scarcely reported across studies in this review. This
is worrisome because an adolescent’s food environment,
particularly their accessibility to healthy or unhealthy
foods, could influence the effectiveness of a smartphone
app-based intervention; researchers have found that
adolescents’ food-purchasing and dietary choices are
significantly related to both their household and school
neighborhood food environments.””'”" Despite many
studies reporting equity factors at baseline or in the
Discussion section of articles, only 4 studies conducted
statistical analyses specific to equity factors, and of
these, only 2 explored the impact of equity factors on
intervention effectiveness. This review’s findings are
similar to those of Vargas-Garcia et al'®' in their sys-
tematic review of interventions to reduce sugar-
sweetened beverage consumption at all ages, in which
they found that all of their included studies (N =40)
reported gender at baseline, but fewer studies reported
income and ethnicity, no studies reported other
PROGRESS equity factors (including place of resi-
dence), and only 3 studies conducted analyses specific
to equity factors. Similarly, a systematic review of gen-
eral physical activity interventions among all ages found
that despite many articles measuring PROGRESS equity
factors, few reported analyses specific to equity fac-
tors.'"”> The lack of analyses to assess the differential
impact of equity factors on intervention effectiveness is
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not surprising, because there is debate in the literature
about the credibility of subgroup analyses when con-
ducted poorly and without premeditation.'”> There are
also specific guidelines a researcher should follow when
conducting subgroup analyses, including a sufficient
sample size, which may deter researchers from attempt-
ing it.'""*

Because of the limited analyses conducted, conclu-
sions about the differential impact of equity factors on
smartphone app-based intervention effectiveness can-
not be made and are also notably outside the scope of
this review. However, it is interesting to note that 1
study did find that intervention effectiveness varied by
gender in regard to higher sensitivity to rewards pro-
moting healthy snack intake in male adolescents but
not females.*> The authors posited that this may be due
to female adolescents eating more healthfully at base-
line, and that they possibly enjoy the more reflective
and exploratory components of the app, as opposed to
the competitive components.®> Atwood et al,'’” in their
review of equity reporting in physical activity interven-
tions, also found that some studies showed that gender
influenced intervention effectiveness. Another study in
this review found that school district had a significant
impact on the nutrition score differences between the
intervention and control groups.®® It is possible that the
school districts varied by average household income,
ethnic makeup, local food environments, or school food
programs (eg, free healthy school lunches), resulting in
this difference. This review provides preliminary evi-
dence that equity factors including S/G and place of res-
idence could influence smartphone app-based nutrition
interventions’ effectiveness, and thus their influence
should be considered in future interventions.

In addition, the authors of many studies in this
review recognized the lack of a demographically, socioe-
conomically, and culturally diverse sample and called
for future research to investigate intervention impacts
in more diverse populations. The inclusion of more
diverse populations in intervention studies can improve
external validity while providing a greater understand-
ing of intervention effectiveness in equity-seeking
groups.'” Alternatively, research conducted on specific
demographic groups who are traditionally underrepre-
sented in medical research can also provide beneficial
evidence for the effectiveness of interventions in diverse
populations.'® Therefore, these strategies should be
considered for future smartphone app-based interven-
tions targeting adolescents.

Findings of this review should be taken in context
of the various limitations of the studies included. A sig-
nificant limitation of many included articles is lack of
statistical power from an inadequate sample size: more
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than half of the articles had a sample size of <60 partici-
pants. Inadequate statistical power and limited to no
justification of sample size are common concerns in
nutrition research.'”” Another factor that should be
considered when evaluating this review is that the
majority of included studies evaluated more than 1 diet-
ary outcome, with many evaluating 6 or
more.”®*"01026770 Thig type of multiple hypothesis
testing without correcting for multiple comparisons is a
common statistical error and may inflate the likelihood
of finding a statistically significant result.'””'%® Lack of
validated outcome measures for dietary intake was also
common; many studies used nonvalidated question-
naires to assess dietary intake. Furthermore, almost all
the studies relied on self-reported dietary intake data,
either through questionnaires, 24-h recalls, or food dia-
ries, which are often biased and prone to underreport-
ing, potentially affecting the validity of findings.”*

This review also has its own limitations. First, only
peer-reviewed studies that were available in English
were included in this review and grey literature was
excluded, which may have resulted in important find-
ings being missed. Risk of bias across studies, based on
publication bias or selective reporting bias, was not for-
mally assessed in this review but may have resulted in a
risk of bias across included studies. Only the frequency
of authors reporting equity-related factors and analyses
was observed, and it is possible that equity may have
been a consideration in the planning of the intervention
but was not reported, and thus was missed in this
review. Furthermore, it is also possible that authors
reported equity-related factors and analyses for pur-
poses outside of equity consideration. Authors’ inten-
tions were not noted in this review, because the purpose
was to assess the frequency of reporting equity-related
factors, not the intention for doing so.

CONCLUSION

Because multicomponent programs were excluded, this
review provides evidence that smartphone app-based
nutrition interventions, independent of other interven-
tion methods, can affect adolescents’ dietary intake.
Personalized healthy-eating education messages, virtual
reward systems, and gamification may be useful meth-
ods to improve the effectiveness of smartphone app-
based interventions on adolescents’ dietary intake.
Future interventions should consider including adher-
ence to interventions through app analytics, because
app adherence will likely influence the intervention’s
impact on dietary behavior. Future research should also
consider exploring intervention participants’ experience
with the app intervention and possible barriers to app
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adherence to better understand participants’ rationale
for poor intervention uptake. A time line of >12 weeks
is preferred to <8 weeks for effectiveness when imple-
menting a smartphone app-based nutrition interven-
tion in adolescents, and this should be considered in
future mHealth intervention research. Furthermore, the
use of validated dietary outcome measurements is
essential to improve the quality of current research on
this topic. This review highlights a critical lack of
reporting of equity factors in smartphone app-based
nutrition interventions, while also drawing attention to
the potential differential impact of these equity factors
on intervention effectiveness. Thus, researchers should
consider the importance of equity in their interventions,
report equity factors and how these may influence their
intervention, and conduct appropriate statistical analy-
ses with adequate statistical power to determine the dif-
ferential impact of equity factors on intervention
adherence and effectiveness.
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