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Summary eClinicalMedicine
Background Use of health applications (apps) to support healthy lifestyles has intensified. Different app features may 2024;76: 102798
support effectiveness, including gamification defined as the use of game elements in a non-game situation. Whether 'S’Ub“s'*ebd 02”(')‘? 25
health apps with gamification can impact behaviour change and cardiometabolic risk factors remains unknown. We het?;?; /;;i Org 10
conducte.d a systematic review and mf:ta-ana!y.sis to detern.line the ef.fect. of health apps with gamification compared to 1016/'} edi6m202‘4.
non-gamified apps (control) on physical activity and cardiometabolic risk factors. 102798

Methods MEDLINE, EMBASE, and Cochrane library databases were searched through May 21st, 2024. We included
controlled trials in adults (>1 years) of all health backgrounds, with intervention periods >8-weeks, assessing the
effect of gamification strategies used in health behaviour apps on adherence, cardiometabolic risk factors, total
energy, and dietary nutrients of concern. Independent reviewers extracted relevant data and assessed risk of bias.
Outcomes included physical activity and cardiometabolic risk factors (adiposity, glycemia, lipids, blood pressure
and dietary factors). Data were pooled using the inverse variance method and expressed as mean differences
(MD) with 95% confidence intervals (CI). Certainty of evidence was assessed using Grading of Recommendations
Assessment, Development, and Evaluation (GRADE). Protocol registration was on ClinicalTrials.gov (NCT04633070).

Findings 36 trials (49 trial comparisons, n = 10,079) met eligibility criteria; most targeted physical activity or weight
loss. Use of gamification in apps compared to non-gamified interventions resulted in trivial increases in steps (489
steps/day [64 to 914]; high), and reductions in body mass index (-0.28 kg/m?* [-0.44 to —0.12]; moderate) and body
weight (—0.70 kg [-1.18 to —-0.22]; moderate), and small important reductions in body fat (-1.92% [-2.71 to -1.14];
high) and waist circumference (-1.16 cm [-1.93 to -0.39]; moderate). No differences were observed for other
outcomes (very low-to-high).

Interpretation Current evidence provides a good indication that gamification features in apps targeting physical ac-
tivity or measures of adiposity results in slight improvements in these outcomes compared to non-gamified versions.
Recommendations to use an app for increasing physical activity or targeting weight loss should consider those with
gamification features.

*Corresponding author. School of Nutrition, Faculty of Community Services, Toronto Metropolitan University, Toronto, ON, Canada.
E-mail address: snishi@torontomu.ca (S.K. Nishi).
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Research in context

Evidence before this study

Digital applications (apps) have emerged as a potential tool to
aid in healthy behaviour change. However, there are
inconsistencies in the evidence of whether apps with
gamification result in improvements in health outcomes. To
understand the role of gamification in health apps, we
conducted a systematic review and meta-analysis to assess
the effect of gamification as an app feature. We searched
MEDLINE, Embase, and the Cochrane Central Register of
Controlled Trials from inception to May 21, 2024, for papers
with no language restrictions, using terms related to digital
health intervention and gamification with a focus on apps
targeting physical activity and cardiometabolic risk factors.
Our search yielded 20,276 reports.

Added value of this study

This is the first systematic review and meta-analysis to
provide a comprehensive overview of the effectiveness of
using health apps with gamification to support behaviour
change and health in adults. Our systematic search yielded 36
eligible randomized controlled trials assessing the effect of
gamified vs. non-gamified apps, which predominantly
targeted physical activity and weight loss. The use of

Introduction

Cardiovascular disease (CVD) remains a leading cause
of death in Canada and globally.! Yet approximately 80%
of CVD events could be prevented by a healthy lifestyle.?
To support sustained behaviour change, interventions
that can empower and engage populations are needed.
Digital health applications (referred to as “apps”) have
the potential to deliver effective behaviour change in-
terventions. However, the incorporation of different app
features may influence the effectiveness of app
interventions.

There is a limited understanding of which app fea-
tures are necessary for producing sustained behaviour
change, from commonly used features which provide
educational materials and allow for self-monitoring, to
less common features such as gamification or providing
a platform for social support.’ Most health apps incor-
porate a mix of features, each potentially offering vary-
ing levels of benefit. The use of different features, as
well as varied controls, might explain discordant find-
ings in previous assessments of the effectiveness of
health apps on health outcomes.® A recent systematic
review and meta-analysis of randomized controlled trials

gamification in apps compared to non-gamified app
interventions resulted in increased physical activity (steps per
day), as well as decreased body weight, body mass index,
body fat percentage, and waist circumference. No significant
effects were observed on blood pressure, lipids, glycemic
control, and dietary factors. In general, the certainty of
evidence was low to high for outcomes of physical activity
and adiposity and very low to high for other outcomes,
generally owing to downgrades for indirectness and
imprecision.

Implications of all the available evidence

Findings from this systematic review and meta-analysis
provide good indication that when apps are targeting physical
activity or weight loss, the use of gamification improves the
effectiveness of these lifestyle interventions compared to apps
without gamification. Future high-quality studies
investigating health apps with gamification designed to
target cardiometabolic risk factors for a variety of populations
are warranted. Recommendations to use an app to improve
physical activity or weight loss should consider those with
gamification features.

found mobile health app interventions had a weak
advantage over standard of care for promoting health
behaviour change and disease management.’
Conversely, another systematic review and meta-
analysis showed mobile health app interventions were
associated with significant weight loss’ and another
umbrella review and meta-analysis showed eHealth and
mHealth interventions compared to varied controls
resulted in improvements in lifestyle behaviours,
including physical activity, dietary intake, body weight,
and sleep quality.® Identifying mechanisms in health
apps which foster sustained behaviour change has been
a challenge and is a current knowledge gap.

Studies on health behaviours, including physical ac-
tivity and smoking cessation, have indicated that gami-
fication may be an effective tool for engagement and
behaviour change.”” Gamification employs game design
elements, mechanics, and principles with the objective
of engaging the user and motivating behaviour change
in a non-game environment."*"* While there are various
definitions of what is considered a gamification-related
element,”” based on the literature, for the purposes of
this study, gamification will refer to incorporating
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‘gaming elements’ such as goal setting, feedback,
badges, leaderboards, competitions, rewards, use of so-
cial networks, and avatars to engage and motivate in-
dividuals to change their behaviour."'* If properly
designed and implemented, gamification can overlap
with established behaviour change strategies,' such as
those defined by Michie and colleagues.' ¢

Much of the current research on apps does not
discern the effect of gamification as an added feature in
health apps due to inadequate control groups.' There-
fore, we conducted a systematic review and meta-
analysis of randomized controlled trials to investigate
the effect of health apps with and without gamification
on behaviour change with a specific focus on physical
activity and established targets of CVD in adults.

Methods

Design

A systematic review and meta-analysis was conducted
according to the Cochrane handbook for systematic re-
views and interventions (version 6.3),” with results
following the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA)'®" guidelines.
The study was originally registered at ClinicalTrials.gov
(NCT04633070) with revisions to protocol noted in the
Supplemental Methods. Given the systematic review
and meta-analysis study design, which synthesizes and
analyses previously published content, ethical approval
was not required.

Data sources and search strategy

Supplemental Tables Sla and b and S2 show the sys-
tematic search strategy based on the population, inter-
vention, comparator, outcome, time, and study design
(PICOTS)" framework without language restrictions.
We conducted a systematic search in MEDLINE,
Embase, and the Cochrane Central Register of
Controlled Trials from inception to May 21, 2024. The
initial search covered database inception to December
11, 2020, and an updated search extended to May 21,
2024. Manual searches supplemented database
searches. Due to the substantial increase in telehealth
and digital health intervention related publications be-
tween 2020 and 2024, the search strategy was modified
slightly to better reflect a focus on apps targeting phys-
ical activity and CVD specific risk factors (Supplemental
Table S1b).

Study selection

We included controlled trials in adults (>18 years) of all
health backgrounds, with intervention periods >8-weeks
assessing the effect of gamification strategies used in
health behaviour apps on adherence, cardiometabolic
risk factors, total energy, and dietary nutrients of
concern as indicated by Health Canada (total sugars,
sodium, saturated fat).” For the purposes of this
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analysis, gamification referred to the inclusion of one or
more of the following elements: goal setting, personal-
ized feedback, badges, leaderboards, competitions and
challenges, rewards, avatars, as well as the use of social
teams, point systems, and social support features.'*"?
Reports were excluded if the intervention was a non-
health behaviour application, if the intervention
included human support (but the control did not), if
they lacked a suitable control (i.e., a suitable active
control being comparator (i.e., an app without gamifi-
cation components), or if they lacked viable outcome
data. Reports were initially excluded based on a review
of their titles and abstracts (SKN, MK, and/or KR).
Remaining reports were reviewed in full by at least two
reviewers (SKN, MK, and/or KR), leaving the final set of
reports to be included in our syntheses. In reports
containing more than one eligible trial comparison, we
included each available trial comparison separately.

Data extraction

At least two reviewers (SKN, MK, KR, or SA-C) inde-
pendently extracted the data from each included trial.
Relevant information included number of participants,
setting, participant health status, study design,
comparator, gamification type, app purpose, behaviour
targeted, follow-up duration, funding source, and
outcome data. The authors were contacted for missing
outcome data when it was indicated that an outcome
was measured but not reported. Graphically presented
data was extracted from figures using Plot Digitizer.”!

Risk of bias assessment

At least two reviewers (SKN, SAC, or KR) independently
assessed risk of bias (ROB) for each included trial using
the Cochrane risk of bias tool 2.0.* This tool was used to
assess bias across six domains (randomization process,
deviations from the intended intervention, missing
outcome data, measurement of outcome, reported re-
sults, and for crossover trials, bias arising from period
and carryover effects). Reviewer discrepancies were
resolved by consensus or arbitration by a senior author
(LC).

Outcomes

The primary outcomes were markers of adherence
(physical activity (moderate-to-vigorous physical activity
[MVPA] and steps) and body weight). The secondary
outcomes were blood lipids (low-density lipoprotein-
cholesterol [LDL-C], non-high-density lipoprotein-choles-
terol [non-HDI-C], high-density lipoprotein-cholesterol
[HDL-C], triglycerides [TG], apolipoprotein B [apoB]);
adiposity (body mass index [BMI], body fat, waist
circumference, waist-to-hip ratio [WHR]); blood pressure
(systolic blood pressure [SBP] and diastolic blood pres-
sure [DBP]); glucose control (fasting glucose, haemoglo-
bin Alc [HbAlc)); and dietary factors (total energy, total
sugars, sodium, saturated fat). Mean differences (MDs)
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between the intervention and control arms and their
standard errors (SEs) were extracted for each eligible trial
comparison. Mean pairwise differences in change-from-
baseline values were preferred over end values, when
available. Missing SEs were derived from available data
using published formulae.” When median data was
provided, they were converted to mean data with corre-
sponding variances using methods developed by
McGrath et al.** When no variance data was available, the
standard deviation of the MDs was borrowed from a trial
with similar size, participants, and nature of intervention.
When an outcome was not reported, but the variables to
calculate that outcome were, the outcome was calculated
using a standard formula (body weight and height were
used to calculate BMI; BMI and height were used to
calculate the body weight; body fat mass (in kilograms)
and total body weight (in kilograms) were used to calcu-
late percentage body fat; waist and hip measurements
were used to calculate the WHR; total cholesterol and
HDL-C were used to calculate non-HDL-C; and total
cholesterol, HDL-C and triglycerides were used to
calculate LDL-C*). SEs for the calculated outcome were
derived from the original variables using the inverse
variance law.” All disagreements were reconciled by
consensus or arbitration by a senior author (LC).

Data synthesis and analysis

We used Stata software, version 16.1 (StataCorp, College
Station, TX, USA) for all analyses. The principal effect
measures were the mean pairwise differences in
changes from baseline (or alternatively, end differences)
between the gamification intervention and non-gamified
control arm (significance at P < 0.05). Results are re-
ported as MDs with 95% confidence intervals (ClIs).
Data were analysed using the generic inverse variance
method with a DerSimonian and Laird random-effects
model.”” Fixed-effects models were used when fewer
than five trial comparisons were available.” To mitigate
a unit-of-analysis error, when arms of trials with mul-
tiple intervention or control arms were used more than
once, the corresponding sample size was divided by the
number of times it was used for a calculation of the SE.**
Each pairwise trial comparison was considered a sepa-
rate trial for the purpose of this analysis.

Inter-study heterogeneity was estimated using the
Cochran Q statistic and quantified using the I? statis-
tic”” An I> > 50% and Pq < 0.10 was considered as
evidence of substantial heterogeneity.”

Sources of heterogeneity were explored by sensi-
tivity and subgroup analyses. We conducted sensitivity
analyses by influence analysis in which each trial was
systematically removed from the meta-analysis with
recalculation of the summary effect estimate. A trial
whose removal explained the heterogeneity or changed
the significance, direction, or magnitude of the effect
by more than the minimally important difference
(MID) for harm or benefit for each outcome

(set as + 30 min/week for MVPA ***' +2000 steps/day
for steps,”? 1 kg for body weight, 0.4 kg/m? for BMI,
£2% for body fat percentage,”** +1 cm for waist
circumference,” +0.02 for waist-to-hip ratio,**
£0.1 mmol/L for LDL-C, non-HDL-C, HDL-C, tri-
glycerides and apoB,”* 0.3% for HbAlc,*®
0.5 mmol/L for fasting glucose,**' +2 mmHg for
SBP and DBP,* +500 kcals/day for total energy,* +5 g/
day for total sugars,“* £115 mg/day for sodium
intake,**** and +1 g/day for saturated fat intake****) was
considered an influential trial. Furthermore, for trials
which reported outcomes using more than one
assessment method, we performed sensitivity analyses
where meta-analysed results were re-calculated using
alternative the method. If ten or more trial comparisons
were available,”* we conducted subgroup analyses using
meta-regression (significance at P4 < 0.05). Subgroup
analyses were conducted by participant health status,
included participant sex (women or men only, or
mixed), participant age, study design, randomization
(ves, no), tool type, gamification type, whether the
intervention was described as being based on behav-
ioural change theory (yes, no), study purpose, behav-
iour targeted, intervention duration (follow-up <6
months, or > 6 months), continent where the study was
conducted, setting (professional or community), fund-
ing, whether the outcome was objectively measured or
self-reported, type of analysis (completers/per-protocol
or intention-to-treat (ITT)/modified ITT (mITT)), type
of imputation performed for deriving variances (change
from the baseline and end differences), data source
(published/reported or calculated) and ROB domains.
Meta-regression analyses were used to assess the sig-
nificance of each subgroup categorically and, when
applicable, continuously.

If ten or more trial comparisons were available, we
assessed the presence of small-study effects (publication
bias)* by visual inspection of funnel plots and formal
testing by the Egger’s and Begg’s tests (significant at
P < 0.10).* If there was evidence of small-study effects
(publication bias), we quantified the size of the potential
publication bias or other causes of asymmetry by
adjusting for the funnel plot asymmetry and assessing
the effect of small-study effects using the trim-and-fill
method of Duval and Tweedie.*

Certainty of the evidence assessment

The certainty of the evidence was assessed using the
Grading of Recommendations Assessment, Develop-
ment, and Evaluation (GRADE) approach*® and software
(GRADEpro GDT, McMaster University and Evidence
Prime Inc.).”" The assessments were conducted by two
independent reviewers (LC, SA-C), and discrepancies
were resolved by consensus. The certainty of evidence
was rated as high, moderate, low, or very low certainty.
The included randomized controlled trials were initially
rated as high certainty by default and then downgraded
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or upgraded based on prespecified criteria. Reasons for
downgrading the evidence included ROB (assessed by
the Cochrane ROB 2.0 Tool),”* inconsistency (substan-
tial unexplained interstudy heterogeneity: I* > 50% and
Pq < 0.10), indirectness (presence of factors that limit
the generalizability of the results), imprecision (the 95%
CI for effect estimates overlap the MID for benefit or
harm), and the presence of publication bias (significant
evidence of small-study effects). The importance of the
magnitude of the pooled estimates was assessed using
prespecified MIDs and the effect size categories ac-
cording to the GRADE guidance®* as follows: large
effect (>5X MID); moderate effect (>2X MID); small but
important effect (>1X MID); and trivial/unimportant
effect (<1X MID).

Role of the funding source

There was no funding source for this specific study.
Further, none of the authors’ affiliated funding sources
had any role in the design of the study; in the collection,
analyses, or interpretation of data; in the writing of the
manuscript; or in the decision to publish the results.

Results

Search results

Fig. 1 shows the results of the literature search. The
search identified 20,276 reports from databases, of
which 15,196 were excluded based on title and abstract.
Of the 911 reports reviewed in full text, 36 randomized
controlled trials (49 trial comparisons, n = 10,079) met
the eligibility criteria.”*** Out of the 12 authors who
were contacted for additional relevant information,®#°
four responded, yet the applicable information was not
available™'® or the trial was determined as not
eligible.”** Included trials reported 19 relevant out-
comes with the number of trial comparisons per
outcome ranging from one to 34.

Trial characteristics

Table 1 and Supplemental Table S3 along with
Supplemental Fig. S1 show the summary and full in-
dividual trial characteristics, respectively. Trial sizes
ranged from a median of 59 participants in the sodium
intake analysis to 195 (36-301) participants in the
MVPA analysis. Participants were adults, predomi-
nantly free from disease, but with a mix of participants
including those with overweight/obesity, CVD, and
type 2 diabetes. The majority of participants were
women, middle-aged adults, with median proportions
of women ranging from 40 to 100%, and ages ranging
from a median of 36.0 (27.8-48.9) years to 55.4
(23.4-60.4) years. Most trials were conducted in the
United States (40% on average), in the general com-
munity (69%) vs. professional (31%) settings (i.e.,
recommended by a health care professional within a
health practice), and all were randomized and parallel
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in design. Objective measurements were utilized in
100% of the steps, blood lipids, and blood glucose tri-
als, and most of the blood pressure and adiposity trials,
whereas the dietary assessments were self-reported.
The duration of trials ranged from a median of 3.0 to
12.0 (2.0-32.5) months. For each outcome, the study
purpose of each of the included trials were predomi-
nantly to increase mobility/physical activity followed by
weight loss, with fewer relating to disease prevention
or management, dietary habits, or mixed purposes;
while targeted behaviours comprised of physical activ-
ity, diet, mixed, or other behaviours. The intervention
tool tended to be a mobile-app (14%-100%) or mobile
and web-based app combined (23%-100%), most
incorporating a mix of gamification types (up to 84%).
The matched control most often being the equivalent
tool without gamification (56%-100%). A behaviour
change theory was noted as informing a median of
62% of the intervention developments. Most trials were
funded by agency sources (33%-100%).

Risk of bias

Supplemental Figs. S2-S20 summarize the ROB assess-
ments of the included trial comparisons by outcome.
Across outcomes, excluding those with only one com-
parison, most trials were assessed as having low risk
among all domains: randomization process (20%-100%),
deviations from intended interventions (40%-100%),
missing outcome data (50%-100%), measurement of the
outcome (0%-100%), and selection of the reported result
(50%-100%). Nonetheless, several trial comparisons
were assessed as having high risk: for randomization
process (0%—40%), deviations from intended in-
terventions (0%-20%), missing outcome data (09%—-50%),
measurement of the outcome (0%—-33.3%), and selection
of the reported result (0%—6.25%) domains. Overall,
there was no serious ROB in most trial comparisons
except for waist-to-hip ratio, non-HDL-C, HDL-C, TG,
and SBP, where the overall pooled estimate may be
influenced by high ROB trials.

Physical activity markers

Fig. 2 and Supplemental Figs. S21 and S22 present the
effect of using gamification in apps compared to non-
gamified interventions on MVPA and steps. Use of
gamification resulted in trivial increases in steps
(34 trials; n = 5119; MD: 489 steps/day; 95% CI: 64, 914
steps/day; Pyp = 0.024; substantial heterogeneity:
I* = 93.8%; Pg < 0.0001). No significant effect was
observed for MVPA.

Adiposity markers

Fig. 2 and Supplemental Figs. S23—-S27 present the effect
of using gamification in apps compared to a non-gamified
app on body weight and markers of adiposity. Use of
gamification resulted in a trivial reduction in body weight
(17 trials; n = 6088; MD: —0.70 kg; 95% CI: —1.18, -0.22 kg;
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Fig. 1: Summary of evidence search and selection.

Pypp = 0.0043; no substantial heterogeneity: I* = 35.8%;
Pq = 0.071); and small important reductions in BMI (11
trials; n = 1880; MD: -028 kg/m?% 95%
CL: -0.44, -0.12 kg/m2; Pyp = 0.00068; no substantial
heterogeneity: I* = 35.8%; Pq = 0.27); body fat percentage
(3 trials; n = 230; MD: -1.92%; 95% CI: -2.71, —1.14%;
Pyp < 0.0001; no substantial heterogeneity: 1> = 0%;
Pq = 0.66); and waist circumference (8 trials; n = 802;
MD: -1.16 cm; 95% CI: —1.93, —0.39 cm; Pyp = 0.0032; no

substantial heterogeneity: 1> = 44.7%; Pq = 0.081). No
significant effect was observed for waist-to-hip ratio.

Lipid markers

Fig. 2 and Supplemental Figs. S28-S31 present the ef-
fect of gamification on blood lipids, LDL-C, non-HDL-C,
HDL-C, and triglycerides. No significant effects were
observed. No applicable data was identified related to
apolipoprotein B.
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Trial characteristics

Moderate-to-vigorous
physical activity

Steps (steps/day)

BMI (kg/m?)

Body weight (kg)

Body fat percentage (%)

Waist circumference (cm)

Waist-to-hip ratio

(mins/week)
Trials, N 15 34 11 17 3 8 1
Participants, N* 195 (36-301) 146 (30-388) 72 (30-890) 156 (35-2991) 66 (56-108) 82 (35-201) 156 (156-156)
Underlying health status, N T2DM = 0; T2DM = 5; T2DM = 1; CVD = 3; People with  T2DM = 5; CVD = 2; People with  T2DM = 0; CVD = 0; People with  T2DM = 1; CVD = 2; People with T2DM = 1; CVD = 0; People with

trials

Sex ratio, %women:men
Age, years™®
Country, N trials

Setting ratio, %
Community:Professional”
Randomization ratio, %
Yes:No

Outcome objectively
measured ratio, %No:Yes

Follow-up, months®

Study purpose, N trials

Behaviour targeted, N trials

Control tool type ratio, %
Electronic education/
website:Mobile app:Mobile &
Web-based app:Physical
activity tracking device:Web-
based app

Intervention tool type ratio,
%Mobile app:Web-based
app:Web-based & mobile app
Intervention gamification
type ratio, %
PDF:GS:BA:S:SC:M*

Control gamification type
ratio, %PDF:GS:M:No
gamification®

BCT ratio, %Intervention
based on a BCT:Intervention
not based on a BCT

Funding ratio, %A::A + I:NR*

Design ratio, %P:C

CVD = 5; People with OW/OB = 1;
Absence of disease = 9;

Other health status = 0;

Mixed health status = 0

76: 24

55.4 (23.4-60.4)

Australia = 1; Brazil = 0;

Canada = 2; China = 0;

Germany = 0; Netherlands = 2;
South Korea = 0; Sweden = 1;
Switzerland = 0; UK = 0; USA = 9

93:7

100: 0

77

3 (2-32.5)

Improve dietary habits = 0;
Weight loss = 1; Increasing
mobility/physical activity = 11;
Disease self-management = 1;
Disease prevention = 2; Mixed
purposes = 0

Diet = 0; Physical activity = 12;
Mixed behaviours = 3; Other
behaviours = 0

20: 33: 0: 20: 27

60: 40: 0

0:0:13:7:7: 73

27:0:7: 67

60: 40

73:7:13:7
100: 0

CVD = 7; People with OW/OB = 8;
Absence of disease = 11;

Other health status = 1;

Mixed health status = 2

76: 24

52.3 (23.4-61.5)

Australia = 0; Brazil = 0;

Canada = 2; China = 2;

Germany = 0; Netherlands = 2;
South Korea = 1; Sweden =
Switzerland = 1; UK = 1; USA = 25
82: 18

100: 0

0: 100

3.125 (2-12)

Improve dietary habits = 0;
Weight loss = 2; Increasing
mobility/physical activity = 23;
Disease self-management = 1;
Disease prevention = 3; Mixed
purposes = 5

Diet = 0; Physical activity = 28;
Mixed behaviours = 5; Other
behaviours = 1

24:32:3: 21: 21

65: 29: 6

6: 0: 6: 0: 3: 85

18: 21: 32: 29

79: 21

85:0:9: 6
100: 0

OW/OB = 5; Absence of
disease = 1; Other health
status = 0; Mixed health
status = 1

56: 44

50 (26.8-61.54)

Australia = 0; Brazil = 1;
Canada = 0; China = 2;
Germany = 1; Netherlands = 0;
South Korea = 2; Sweden = 0;
Switzerland = 0; UK = 0; USA = 5
82:18

100: 0

18: 82

3(3-6)

Improve dietary habits = 0;
Weight loss = 4; Increasing
mobility/physical activity = 4;
Disease self-management = 1;
Disease prevention = 0; Mixed
purposes = 2

Diet = 1; Physical activity = 4;
Mixed behaviours = 6; Other
behaviours = 0

45: 45: 0: 9: 0

64: 36: 0

18: 0: 9: 0: 0: 73

0:18: 0: 82

73: 27

55: 9: 18: 18
100: 0

OW/OB = 8; Absence of
disease = 1; Other health
status = 0; Mixed health
status = 1

59: 41

52.28 (27.8-61.5)

Australia = 0; Brazil = 1;
Canada = 0; China = 2;
Germany = 3; Netherlands = 0;
South Korea = 2; Sweden = 0;
Switzerland = 0; UK = 1; USA = 8
88: 12

100: 0

12: 88

6 (3-325)

Improve dietary habits = 0;
Weight loss = 8; Increasing
mobility/physical activity = 3;
Disease self-management = 0;
Disease prevention = 1; Mixed
purposes = 5

Diet = 0; Physical activity = 6;
Mixed behaviours = 10; Other
behaviours = 1

47:29: 0: 6: 18

41:53: 6

24: 0: 6: 6: 0: 65

6:18: 18: 59

71: 29

82:6:6: 6
100: 0

OW/OB = 2; Absence of
disease
status =

status = 1

40: 60

36 (27.8-48.9)

Australia = 0; Brazil = 0;

Canada = 0; China = 0;
Germany = 1; Netherlands = 0;
South Korea = 1; Sweden = 0;
Switzerland = 0; UK = 0; USA = 1

67:33
100: 0
0: 100

3(3-3)

Improve dietary habits = 0;
Weight loss = 1; Increasing
mobility/physical activity = 0;
Disease self-management = 0;
Disease prevention = 0; Mixed
purposes = 2

Diet = 0; Physical activity = 0;
Mixed behaviours = 3; Other
behaviours = 0

33:67:0: 0: 0

67:33: 0

33:0:33: 0: 0: 33

0: 0: 0: 100

33: 67

33:33:0:33
100: 0

OW/OB = 5; Absence of
disease = 0; Other health
status = 0; Mixed health

status = 0
55: 45
52.6 (27.8-61.5)

Australia = 0; Brazil = 0;
Canada = 0; China = 2;
Germany = 2; Netherlands = 0;
South Korea = 1; Sweden = 0;
Switzerland = 0; UK = 1; USA = 2

75: 25

100: 0

0: 100

3 (3-32.5)

Improve dietary habits = 0;
Weight loss = 4; Increasing
mobility/physical activity = 2;
Disease self-management = 0;
Disease prevention = 1; Mixed

purposes = 1

Diet = 0; Physical activity = 2;
Mixed behaviours = 6; Other

behaviours = 0

75:12: 0: 12: 0

50: 50: 0

12: 0: 12: 12: 0: 62

0: 25: 0: 75

62: 38

75:12:12: 0
100: 0

OW/OB = 0; Absence of
disease = 0; Other health
status = 0; Mixed health
status = 0

54: 46

52.3 (52.3-52.3)

Australia = 0; Brazil = 0;
Canada = 0; China = 0;
Germany = 0; Netherlands = 0;
South Korea = 0; Sweden = 0;
Switzerland = 0; UK = 1; USA = 0
0: 100

100: 0
0: 100

12 (12-12)

Improve dietary habits = 0;
Weight loss = 0; Increasing
mobility/physical activity = 0;
Disease self-management = 0;
Disease prevention = 1; Mixed
purposes = 0

Diet = 0; Physical activity = 0;
Mixed behaviours = 1; Other
behaviours = 0

100: 0: 0: 0: 0

100: 0: 0

100: 0: 0: 0: 0: 0

100: 0

100: 0: 0: 0
100: 0
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Trial LDL-C non-HDL-C HDL-C Triglycerides HbA1c (%) Fasting SBP (mmHg) DBP (mmHg) Total energy Total sugars  Sodium intake Saturated fat
characteristics (mmol/L) (mmol/L) (mmol/L) (mmol/L) glucose intake intake (mg/day) intake (g/day)
(mg/dL) (kcals/day) (g/day)

Trials, N 9 3 6 6 7 4 13 12 6 1 1 2

Participants, N* 162 (66-201) 156 (108-162) 132 (66-201) 132 (66-201) 174 (92-182) 1435 (66-201) 92 (36-201) 82 (36-296) 112.5 (35-201) 117 (117-117) 59 (59-59) 88 (59-117)

Underlying health ~ T2DM = 5; CVD = 0; People T2DM = 2; T2DM = 2; T2DM =2;CVD=0; T2DM=5;CVD=0; T2DM =1; T2DM = 1; T2DM = 1; T2DM = 0; T2DM = 0; T2DM = 0; T2DM = 0; CVD = 1;

status, N trials with OW/OB = 4; Absence  CVD = 0; People ~ CVD = 0; People  People with OW/ People with OW/ CVD = 0; People  CVD = 5; People ~ CVD = 4; People ~ CVD = 0; People ~ CVD = 0; People ~ CVD = 1; People People with OW/
of disease = 0; Other health with OW/OB = 1; with OW/OB = 4; OB = 4; Absence of OB = 2; Absence of with OW/OB = 3; with OW/OB = 4; with OW/OB = 4; with OW/OB = 6; with OW/OB = 1; with OW/OB = 0; OB = 1; Absence of
status = 0; Mixed health Absence of Absence of disease = 0; Other  disease = 0; Other ~ Absence of Absence of Absence of Absence of Absence of Absence of disease = 0; Other

Sex ratio, %
women:men

Age, years™®

Country, N trials

Setting ratio, %
Community:
Professional”
Randomization
ratio, %Yes:No
Outcome
objectively
measured ratio, %
No:Yes

Follow-up,
months®

Study purpose, N
trials

Behaviour
targeted, N trials

status = 0

56: 44
525 (27.8-57.7)

Australia = 0; Brazil = 0;
Canada = 0; China = 0;
Germany = 2;
Netherlands = 0; South
Korea = 2; Sweden = 0;
Switzerland = 0; UK = 1;
USA =4

78:22

100: 0

0: 100

12 (3-325)

Improve dietary habits = 0;
Weight loss = 3; Increasing
mobility/physical

activity = 1; Disease self-
management = 0; Disease
prevention = 1; Mixed
purposes = 4

Diet = 0; Physical
activity = 4; Mixed
behaviours = 5; Other
behaviours = 0

disease = 0; Other
health status = 0;
Mixed health
status = 0

51: 49

5228
(48.92-57.7)
Australia = 0;
Brazil = 0;
Canada = 0;
China = 0;
Germany = 1;
Netherlands = 0;
South Korea = 1;
Sweden = 0;
Switzerland = 0;
UK=1;USA=0

67:33

100: 0

0: 100

3(3-12)

Improve dietary
habits = 0;
Weight loss = 1;
Increasing
mobility/physical
activity = 1;
Disease self-
management = 0;
Disease
prevention = 1;
Mixed

purposes = 0
Diet = 0; Physical
activity = 1; Mixed
behaviours = 2;
Other

behaviours = 0

disease = 0; Other
health status = 0;
Mixed health
status = 0

55: 45
51.14 (27.8-57.7)

Australia = 0;
Brazil = 0;
Canada = 0;
China = 0;
Germany = 2;
Netherlands = 0;
South Korea = 2;
Sweden = 0;
Switzerland = 0;
UK=1;USA=1

67:33

100: 0

0: 100

3(3-325)

Improve dietary
habits = 0;
Weight loss = 3;
Increasing
mobility/physical
activity = 1;
Disease self-
management = 0;
Disease
prevention = 1;
Mixed

purposes = 1

Diet = 0; Physical
activity = 1; Mixed
behaviours = 5;
Other

behaviours = 0

health status = 0;
Mixed health
status = 0

55: 45

51.14 (27.8-57.7)

Australia = 0;
Brazil = 0;
Canada = 0;
China = 0;
Germany = 2;
Netherlands = 0;
South Korea = 2;
Sweden = 0;
Switzerland = 0;
UK = 1; USA =10

67:33

100: 0

0: 100

3 (3-325)

Improve dietary
habits = 0; Weight
loss = 3; Increasing
mobility/physical
activity = 1; Disease
self-

management = 0;
Disease

prevention = 1;
Mixed purposes = 1

Diet = 0; Physical
activity = 1; Mixed
behaviours = 5;
Other

behaviours = 0

health status = 0;
Mixed health
status = 0

57: 43
52.5 (48.92-57.7)

Australia = 0;
Brazil = 0;
Canada = 0;
China = 0;
Germany = 2;
Netherlands = 0;
South Korea = 0;
Sweden = 0;
Switzerland = 0;
UK = 1; USA = 4

86: 14

100: 0

0: 100

12 (3-12)

Improve dietary
habits = 0; Weight
loss = 2; Increasing
mobility/physical
activity = 1; Disease
self-

management = 0;
Disease

prevention = 1;
Mixed purposes = 3

Diet = 0; Physical
activity = 4; Mixed
behaviours = 3;
Other

behaviours = 0

disease = 0; Other
health status = 0;
Mixed health
status = 0

50: 50
51.41 (27.8-57.7)

Australia = 0;
Brazil = 0;
Canada = 0;
China = 0;
Germany = 1;
Netherlands = 0;
South Korea = 2;
Sweden = 0;
Switzerland = 0;
UK=0; USA=1

75: 25

100: 0

0: 100

3(3-325)

Improve dietary
habits = 0;
Weight loss = 2;
Increasing
mobility/physical
activity = 1;
Disease self-
management = 0;
Disease
prevention = 0;
Mixed

purposes = 1

Diet = 0; Physical
activity = 1; Mixed
behaviours = 3;
Other

behaviours = 0

disease = 2; Other
health status = 1;
Mixed health
status = 0

63:37
53 (27.8-58.9)

Australia = 0;
Brazil = 0;

Canada = 2;
China
Germany = 2;
Netherlands
South Korea
Sweden = 0;
Switzerland = 0;
UK=1;USA=5

62: 38

100: 0

3(2-325)

Improve dietary
habits = 1; Weight
loss = 3;
Increasing
mobility/physical
activity = 3;
Disease self-
management = 2;
Disease
prevention = 3;
Mixed

purposes = 1

Diet = 1; Physical
activity = 5;
Mixed

behaviours = 7;
Other

behaviours = 0

disease = 2; Other
health status = 1;
Mixed health
status = 0

65:35

526 (27.8-58.9)

Australia = 0;
Brazil = 0;
Canada
China =
Germany = 2;
Netherlands = 0;
South Korea = 1;
Sweden = 0;
Switzerland = 0;
UK =1, USA =4

67:33

2

100: 0

25:75

3 (2-325)

Improve dietary
habits = 1; Weight
loss = 3;
Increasing
mobility/physical
activity = 3;
Disease self-
management = 1;
Disease
prevention = 3;
Mixed

purposes = 1

Diet = 1; Physical
activity = 5;
Mixed

behaviours = 6;
Other

behaviours = 0

disease = 0; Other
health status = 0;
Mixed health
status = 0

73:27

48.9 (27.8-61.5)

Australia = 1;
Brazil = 0;
Canada = 0;
China = 0;
Germany = 1;
Netherlands = 0;
South Korea = 1;
Sweden = 0;
Switzerland = 0;
UK =0; USA =3

83:17

100: 0

100: 0

45 (3-325)

Improve dietary

Increasing
mobility/physical
activity = 0;
Disease self-
management = 0;
Disease
prevention = 0;
Mixed

purposes = 1
Diet = 1; Physical
activity = 0;
Mixed
behaviours = 5;
Other
behaviours = 0

disease = 0; Other
health status = 0;
Mixed health
status = 0

85: 15
NR

Australia = 1;
Brazil = 0;
Canada = 0;
China = 0;
Germany = 0;
Netherlands = 0;
South Korea = 0;
Sweden = 0;
Switzerland = 0;
UK = 0; USA = 0

100: 0

100: 0

100: 0

3(33)

Improve dietary
habits = 1; Weight
loss = 0;
Increasing
mobility/physical
activity = 0;
Disease self-
management = 0;
Disease
prevention = 0;
Mixed

purposes = 0

Diet = 1; Physical
activity = 0;
Mixed

behaviours = 0;
Other

behaviours = 0

disease = 0; Other
health status = 0;
Mixed health
status = 0

100: 0

49.9 (49.9-49.9)

Australia = 0;
Brazil = 0;
Canada = 0;
China = 0;
Germany = 0;
Netherlands =
South Korea
Sweden = 0;
Switzerland = 0;
UK =0; USA=1

100: 0

0;

100: 0

100: 0

3(33)

Improve dietary
habits = 1; Weight
loss = 0; Increasing
mobility/physical
activity = 0;
Disease self-
management = 0;
Disease
prevention = 0;
Mixed

purposes = 0

Diet = 1; Physical
activity = 0; Mixed
behaviours = 0;
Other

behaviours = 0

health status = 0;
Mixed health
status = 0

92: 8

49.9 (49.9-49.9)

Australia = 1;
Brazil = 0;
Canada = 0;
China = 0;
Germany = 0;
Netherlands =
South Korea =
Sweden = 0;
Switzerland = 0;
UK=0; USA=1

100: 0

100: 0

100: 0

3(33)

Improve dietary
habits = 2; Weight
loss = 0; Increasing
mobility/physical
activity = 0; Disease
self-

management = 0;
Disease

prevention = 0;
Mixed purposes = 0

Diet = 2; Physical
activity = 0; Mixed
behaviours = 0;
Other

behaviours = 0

(Table 1 continues on next page)

SaPIUY I


http://www.thelancet.com

20T 413¢0130 9/ [OA WO0D*1DURRYF MMM

Trial LDL-C non-HDL-C HDL-C Triglycerides HbA1c (%) Fasting SBP (mmHg) DBP (mmHg) Total energy  Total sugars  Sodium intake Saturated fat
characteristics (mmol/L) (mmol/L) (mmol/L) (mmol/L) glucose intake intake (mg/day) intake (g/day)
(mg/dL) (kcals/day) (g/day)
(Continued from previous page)
Control tool type  44: 22: 0: 0: 33 67:33:0: 0: 0 67:33:0: 0: 0 67:33:0: 0: 0 43: 14: 0: 0: 43 50: 50: 0: 0: 0 62:38:0: 0: 0 67:33:0: 0: 0 50: 33: 0: 17: 0 100: 0: 0: 0: 0 0: 100: 0: 0: 0 50: 50: 0: 0: 0
ratio, %Electronic
education/

website:Mobile

app:Mobile & Web-

based app:Physical

activity tracking

device:Web-based

app

Intervention tool 33: 67: 0 67:33: 0 50: 50: 0 50: 50: 0 29:71: 0 50: 50: 0 77:23: 0 75:25: 0 33:67: 0 0: 100: 0 100: 0: 0 50: 50: 0
type ratio, %

Mobile app:Web-

based app:Web-

based & mobile

app

Intervention 11: 0: 11: 11: 0: 67 33:0:0: 0: 0: 67 17: 0: 17: 17: 0: 17: 0: 17: 17: 0: 50  14: 0: 0: 0: 0: 86 0: 0: 25: 25: 0: 50  15: 0: 23: 8: 0: 54 17: 0: 25: 8: 0: 50  0: 17: 17: 17: O: 0: 100: 0: 0: 0: 0  100: 0: 0: 0: 0: O 50: 50: 0: 0: 0: O
gamification type 50 50

ratio, %

PDF:GS:BA:S:SC:M*

Control 0: 0: 33: 67 0: 0: 0: 100 0: 0: 0: 100 0: 0: 0: 100 0: 0: 43: 57 0: 0: 0: 100 0: 15: 8: 77 0:17: 8: 75 0: 0: 17: 83 0: 0: 0: 100 0: 0: 0: 100 0: 0: 0: 100
gamification type

ratio, %

PDF:GS:M:No

gamification*

BCT ratio, % 56: 44 33: 67 33: 67 33: 67 57: 43 25:75 69: 31 67: 33 67: 33 100: 0 0: 100 50: 50
Intervention

based on a

BCT:Intervention

not based on a

BCT

Funding ratio, % 78:11: 11: 0 67:33:0: 0 67:17:17: 0 67:17:17: 0 71: 14: 14: 0 75:25: 0: 0 54: 23: 23: 0 58: 17: 25: 0 67:17: 0: 17 0: 0: 0: 100 100: 0: 0: 0 50: 0: 0: 50
ALA + ENR?

Design ratio, %P:C  100: O 100: 0 100: 0 100: 0 100: 0 100: 0 100: 0 100: 0 100: 0 100: 0 100: 0 100: 0

A = agency funding; BA = badges, achievements, levels, rewards; BCT = behaviour change theory; BMI = body mass index; C = crossover trial; C = challenges; CU = customizable avatars and environments; CVD = cardiovascular disease; DBP = diastolic blood
pressure; Edu-web = electronic education/website; GS = heal goal setting; HbA1c = haemoglobin Alc; HDL-C = high-density lipoprotein cholesterol; | = industry funding; kcals = kilocalories; LDL-C = low-density lipoprotein cholesterol; M = multiple forms of
gamification; N = number; non-HDL-C = non-high-density lipoprotein cholesterol; NR = not reported; OW/OB = overweight/obese body mass index; P = parallel trial; PB = point-based system; PFD = personalized feedback; S = social support feature;
SBP = systolic blood pressure; SC = social competitive; ST = social team; T2DM = type 2 diabetes mellitus; UK = United Kingdom; USA = United States of America; Web-app = web-based app. Trials refer to trial comparisons. “Data presented as Median
(Range). "Professional settings includes interventions recommended by a health care professional, within the health practice setting. Community settings includes interventions administered in the general community. “Types of gamification include
Personalized Feedback (PFD), Health goal setting (GS), Point-based system (PB), Badges, achievements, levels, rewards (BA), Social support feature (S), Social competitive (SC), Social team (ST), Challenges (C) and/or Customizable avatars and environments
(CU) or multiple forms of gamification (M). Types of gamifications in the control groups are also present in the intervention groups as uniform background app features. ﬂtAgency funding included government, not-for-profit health agencies or University
sources. “Age measured in participants at baseline.

Table 1: Summary of main characteristics of included studies.
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GRADE
Upgrade

Summary effect estimates Heterogeneity

Downgrade

z # Certainty of Interpretation
Outcome Ntrals N MD [95%CI] SMD [95%C1] 2 £5 g evidence of Magnitude
Puo ! Pq 3 H
z3 g of Effect
¥ 8§ H
2 £ 3
Physical Activity Markers
MVPA (mins/week) 15 2,59 32.99(-17.74, 83.72) 0.33(-0.18, 0.84) - 020 3604% o008 OMOMO O @800 tow No effect
Steps (steps/day) 34 5,119 489.00 [ 64.00, 914.0C 0.39 [ 0.05, 0.72) - 0.024 93.80%<0.0000 OO OOO o oDDD HIGH Trivial

Adiposity Markers

BMI (ke/m2) 11 1,880 - 000068 18.44% o027 DOCOMO O  ®®®O yoperare Trivial
Body weight (kg) 17 6,088 - 00043 3578% 0071 OOCHO o @BPO  MODERATE Trivial
Body fat (%) a 230 ——— <0.0001 000% 066 OO MO a DBPO  MODERATE Trivial
Waist circumference (cm) 8 802 .3 - 00032 4474% 0081 OOOMO O SDO  MODERATE  small important
Waist-to-hip ratio 1 156 0.00(-0.02, 0.02] il — 1.000 g -EOBMO O ©000 yiviow  Noeffect
Lipid Markers

LDL-C (mmol/L) 9 1320 0.03(-0.06 013  0.21(-0.41, 0.89] - 049 000% 099 OCMEMO O &®00 tow No effect
Non-HDL-C (mmol/L) 3 426 0.09[-0.03,022]  0.81[-0.27, 1.99] = 014 000% o092 OOMEO O @800 tow No effect
HDL (mmol/L) 6 785  0.02[-0.02, 0.06]  0.40(-0.40, 1.20] -- 03 o000% osc MOMOO [u} ®d00  ow No effect
TG (mmol/L) 6 785  0.02[-0.17, 0.20]  0.07[-0.73, 0.87] - 087 4697% o093 HOMEO u] HOOO  veryLow No effect
Blood Pressure

SBP (mmHg) 13 1,322 -0.95[-2.31, 0.41] -0.38[-0.92, 0.16] - 017 4094% oo06r OMMEO [m] BOOO  very Low No effect
DBP (mmHg) 12 1322 -0.58[-1.30, 0.15] -0.45[-1.01, 0. - 012 o00% ossOMEOO O @800  ow No effect
Glycemic Control Markers

HbAlc (%) 7 1,073 -0.07[-0.16, 0.02] -0.58[-1.32, 0.16] - 01s oo0% o097 OOMOO o @GDBDO  MODERATE  No effect
Fasting glucose (mmol/L) 4 554 -0.04[-0.17, 0.08] -0.31[-1.33, 0.63] —a— 052 ss68% ooso OOMOO o DDDO  MODERATE  No effect
Dietary Markers

Total energy (kcals/day) 6 707 65.00 [-166.00, 36.00 -0. —- 021 4453% o011 00000 o oD HIGH No effect
Total sugar intake (g/day) 1 117 -33.44(-76.42, 9.54] -1. —— 013 - -O00BmO0 O @000 verviow  Noeffect
Sodium intake (mg/day) 1 59 01.50(-566.37, 363.3 - —— 0.67 - -O0OBMO O @000 VERYLOW  Noeffect
Saturated fat intake (g/day) 2 176 -1.73(-4.33, 0.87) —a 019 4756% o07OCOMMO O &®00 tow No effect

1000 -800 -600 -400 -200 000 200 4.00

Decrease Increase

Standardied mean difference

Fig. 2: Summary plot for the effect of using gamification in health applications on physical activity and cardiovascular disease risk factors.
Data are weighted mean differences (MD) [95% confidence intervals (Cl)] and standardized mean differences (SMD). Analyses were con-
ducted by generic, inverse variance random effects models (when > five trial comparisons available) or fixed effects models (when <five trial
comparisons available). Between study heterogeneity was assessed by the Cochran Q statistic, where Pq < 0.100 is considered statistically
significant, and quantified by the I” statistic, where I> > 50% is considered evidence of substantial heterogeneity. Any statistically significant
beneficial effects are highlighted in green and significant harm in red. The GRADE of randomized controlled trials are rated as "high”
certainty of evidence and can be downgraded by five domains and upgraded by one domain. The white squares represent no downgrades,
the filled black squares indicate a single downgrade or upgrades for each outcome, and the black square with a white “2” indicates a double
downgrade for each outcome. Criteria for downgrades included risk of bias (downgraded if the majority of trials were considered to be at
high risk of bias); inconsistency (downgraded if there was substantial unexplained heterogeneity [I> > 50%, P < 0.10]; indirectness
(downgraded if there were factors absent or present relating to the participants, interventions, or outcomes that limited the generalizability
of the results); imprecision (downgraded if the 95% confidence interval crossed the minimally important difference [MID] for harm or
benefit set as + 30 min/week for MVPA,”*3° +2000 steps/day for Steps,*’ +0.1 mmol/L for LDL-C, non-HDL-C, HDL-C and triglycerides,**>*
+0.3% for HbA1c,* +0.5 mmol/L for fasting glucose,*>° +2 mmHg for SBP and DBP,*” +0.4 kg/m? for BMI, +1 kg for body weight, +2% for
body fat percentage®*>°), 1 cm for waist circumference,® +0.02 for waist-to-hip ratio,**** +500 kcals/day for total energy,* +5 g/day for
total sugars,**** +115 mg/day for sodium intake,**** and +1 g/day for saturated fat intake****); and publication bias (downgraded if there is
evidence of publication bias based on funnel plot asymmetry and/or significant Egger’s or Begg's tests (P < 0.10) with confirmation by
adjustment by Duval and Tweedie trim-and-fill analysis). Criteria for upgrades included a significant dose-response gradient. °For the
interpretation of the magnitude, we used the MIDs (see above) to assess the importance of magnitude of our pooled estimates using the
effect size categories according to new GRADE guidance. We then used the MIDs to assess the importance of the magnitude of our point
estimates using the effect size 82 categories according GRADE guidance®* as follows: large effect (>5x MID); moderate effect (>2x MID);
small important effect (>1x MID); and trivial/unimportant effect (<1 MID). Abbreviations: BMI = body mass index; Cl = confidence interval;
DBP = diastolic blood pressure; GRADE = Grading of Recommendations, Assessment, Development and Evaluation; HbAlc = haemoglobin
Alc; HDL-C = high-density lipoprotein-cholesterol; LDL-C = low-density lipoprotein-cholesterol; MD = mean difference; MID = minimally
important  difference; N = number; non-HDL-C = non-high-density lipoprotein-cholesterol; SBP = systolic blood pressure;
SMD = standardized mean difference; TG = triglycerides.

Dietary markers

Fig. 2 and Supplemental Figs. S36-S39 present the effect
of gamification on dietary intake for nutrients of concern,
as assessed by intakes of total energy, sugars, sodium,
and saturated fat. No significant effects were observed.

Blood pressure

Fig. 2 and Supplemental Figs. S32 and S33 present the
effect of gamification on systolic and diastolic blood
pressure. No significant effects were observed.

Glycemic control markers

Fig. 2 and Supplemental Figs. S34 and S35 present the
effect of gamification on HbAlc and fasting glucose. No
significant effects were observed.

Sensitivity analyses
Supplemental Figs. S40-S54 present the influence an-
alyses for each outcome. Among the physical activity
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markers, the removal of the study by either King et al.,”
or Monroe et al."”" or Willms et al.,” (self-funded in-
vestment incentive) resulted in a gain in significance for
MVPA. Whereas the systematic removal of each trial did
not significantly impact the effect estimate of gamifica-
tion related to steps; however, the removal of the study
by Francis et al.’* provided an explanation of the evi-
dence of substantial heterogeneity.

Of the adiposity markers, systematic removal of in-
dividual studies did not modify the observed significant
effectiveness of gamification in reducing BMI, body
weight, body fat percentage, or waist circumference. For
fasting glucose, an explanation of substantial heteroge-
neity was provided by the removal of Kim et al.'™
without impacting the significance of the effect.

Systematic removal of individual studies did not
impact the effect estimates nor provide explanations for
heterogeneity where it was observed in the analyses of
LDL-C, HDL-C, fasting glucose, HbAlc, or total energy
intake.

Supplemental Table S4 presents a summary of
sensitivity analyses for the MVPA and step assessments
as there were trial comparisons that reported outcomes
using more than one assessment method. MVPA was
determined using both the Behavioural Risk Factor
Surveillance System (BRFSS) and actigraph methods in
one report.”” Regardless of whether actigraph or BRFSS
measurements were utilized, the effect remained non-
significant for MVPA. Three trial comparisons
assessed steps using two different methods (actigraph
and Fitbit).”'*' Regardless of whether actigraph or Fitbit
measurements were utilized, the effectiveness of gami-
fication increasing steps/day remained.

Subgroup analyses

Supplemental Figs. S55-S67 present the subgroup an-
alyses of the effect of gamification on outcomes with
>10 trial comparisons. While there were no significant
effect modification for any subgroups for steps; for
MVPA, there was significant effect modification by
study purpose (P = 0.028; where a greater increase were
seen for gamified apps targeting increasing mobility/
physical activity), and funding source (P = 0.028; where
a greater increase was seen for studies funded from
agency sources).

For BMI, there was significant effect modification
BCT (P = 0.008; where there was a greater decrease for
interventions with no mention BCT) and by follow-up
(P = 0.036; where a greater decrease was seen for
studies), and continent (P = 0.042; where a greater
decrease was seen for studies from Europe and South
America). For body weight, there was significant effect
modification by funding source (P = 0.003; where a
greater decrease was seen for studies funded from
agency, agency—industry sources and for studies with no
reported funding). Additionally, there was significant
effect modification by follow-up duration (P = 0.039;
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where a greater decrease was seen for studies <6
months in duration).

No effect modifications were observed for diastolic
blood pressure; however, for systolic blood pressure,
there was a significant effect modification by the control
group’s tool type (P = 0.049) and setting (P = 0.043),
where studies comparing gamified vs. non-gamified
mobile apps and apps delivered through professional
setting showed reductions, and ROB domains 2 (de-
viations from the intended interventions) (P = 0.042;
decreasing effect of some concerns and high ROB) and
4 (measurement of the outcome) (P = 0.030; decreasing
effect of low ROB).

Supplemental Figs. S67-S72 present the continuous
meta-regression analyses. No associations were
observed except for a positive association between
follow-up duration and BMI (P = 0.038) and body weight
(P = 0.035).

Publication bias

Supplemental Figs. S73-S81 present the funnel plots,
and trim-and-fill (where applicable) to assess small study
effects for the effect of gamification on MVPA, steps,
BMI, body weight, and blood pressure. Formal testing
with Egger’s and Begg’s tests revealed significant pub-
lication bias for MVPA, steps, and DBP. The trim-and-
fill assessments did not suggest evidence of small
study effects across these outcomes as there was no
influence on significance or magnitude of effect.

No publication bias analyses were undertaken for
body fat percentage, waist circumference, waist-to-hip
ratio, nor for assessed lipid, glycemic control, and di-
etary markers as fewer than ten trial comparisons were
available.

GRADE assessment

Fig. 2 and Supplemental Table S5 present the GRADE
assessments. The certainty of evidence for the effect of
gamification on the primary outcomes of interest
ranged from low to high, with steps presenting with a
high certainty of evidence (trivial increase), while body
weight was considered to have moderate certainty (triv-
ial decrease), owing to a downgrade for imprecision, and
MVPA presented with low certainty (no effect).

The certainty of evidence for the effect of gamifi-
cation on secondary outcomes of interest was moderate
for body fat percentage (trivial decrease) and total en-
ergy intake (no effect); moderate for BMI (trivial
decrease), waist circumference (small important
decrease), and glucose control (no effect) measures
owing to downgrades for imprecision or indirectness;
low for LDL-C (no effect), HDL-C (no effect), diastolic
blood pressure (no effect), and saturated fat (no effect)
intake owing to downgrades for inconsistency,
indirectness, and/or imprecision; and very low for
waist-to-hip ratio (no effect), non-HDL-C (no effect),
triglycerides (no effect), systolic blood pressure
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(no effect), total sugar (no effect), and sodium intake
(no effect) owing to downgrades for risk of bias,
inconsistency, indirectness, and/or imprecision.

Discussion

To our knowledge, this is the first systematic review and
meta-analysis to assess the effect of gamification in
digital health apps compared to non-gamified counter-
parts on physical activity and cardiometabolic risk fac-
tors. Most health apps targeted physical activity
measures or weight loss. Gamified interventions
compared to a non-gamified control resulted in trivial
increases in steps, and reductions in BMI and body
weight, and small important reductions in body fat and
waist circumference, with no change in other outcomes
assessed.

Health apps with the use of gamification to support
physical activity has been the most researched.'” The
significant improvement effect on a measure of physical
activity in the form of steps found in the present study is
similar to that found in a previously conducted systematic
review and meta-analysis. Mazeas et al. found that apps
using gamification targeting physical activity led to sig-
nificant increases in physical activity compared to non-
gamified app controls.'” Given that this field is rapidly
emerging, their search date in 2020 resulted in its in-
clusion of only 7 trials compared to the 34 included for
steps and 15 for MVPA in the present study. Further-
more, their study combined both adolescents and adults,
as well as various measures of physical activity as their
outcome. Interestingly, while gamification significantly
impacted step count, it was not observed to significantly
affect MVPA in the present analysis. This may be because
the interventions were not targeting moderate or
vigorous physical activity. Furthermore, it may be more
challenging to encourage MVPA as it is a more complex
and less understood metric compared to steps to the
general public.'” It may also be challenging to increase
the intensity of physical activity among low-active,
sedentary, and/or older adults, and there may be less
barriers to incorporating lower-intensity physical activity,
such as walking, into daily activities.'" No other system-
atic reviews and meta-analyses have been conducted on
exploring other health outcomes comparing gamified
mobile health interventions to non-gamified versions.
However, one systematic review of health apps with
gamification elements compared to a non-app control
found improvements in medication adherence'” and
another that gamified apps compared to usual care or
other non-app controls resulted in greater improvements
in behaviours and health outcomes, such as diabetes and
heart failure self-management and medication adher-
ence, in secondary prevention patients.'®

Various systematic reviews and meta-analyses have
been conducted exploring a variety of digital in-
terventions without consideration of gamification and

have demonstrated inconsistent effects on car-
diometabolic health outcomes. Zheng et al. showed
significant weight loss (9 trials) but no change in phys-
ical activity (6 trials) when comparing health apps to any
control in healthy participants.” In another recent um-
brella meta-analysis, Singh et al. observed that in-
terventions involving mobile apps, web- and short
message service (SMS)-based strategies compared to
various controls increase steps (5 trials), MVPA (3 tri-
als), sleep quality (2 trials), along with fruit and vege-
table consumption (3 trials), while reducing sedentary
behaviour (2 trials), energy (4 trials) and saturated fat
(1 trial) intake, as well as body weight (11 trials).® There
is limited research on health apps targeting CVD risk
factors. This may explain the lack of effect observed in
the present analyses on established CVD risk factors
since the majority of trials assessed health apps target-
ing physical activity or weight loss. A systematic review
and meta-analysis of digital interventions targeting CVD
risk factors included a broad definition of eligible in-
terventions spanning telehealth to self-management
websites with healthcare provider support.'” This
study of 47 randomized controlled trials demonstrated
significant yet modest improvements across CVD risk
factors, however, effects were larger when combined
with human support and effects declined over time.'”
The scalability of interventions requiring the support
of allied health professionals is limited due to cost.
However, health apps with engagement features such as
gamification have the potential to provide interventions
with broader reach.

Mobile health interventions with gamification may
be an effective tool for supporting cardiometabolic
health for several reasons related to intrinsic motivation,
goal setting and progress tracking, provision of feed-
back, social interaction and support, personalization,
and adaptation.””'"® Gamification elements such as
points, badges, leaderboards, and challenges can tap
into individuals’ intrinsic motivation, making tasks
more engaging and enjoyable.” This could be particu-
larly effective for younger individuals who are more
accustomed to digital technologies and game-like expe-
riences. However, older individuals may also respond
positively to well-designed gamified interventions that
provide clear benefits and feedback."*'"" Gamification
provides mechanisms for goal setting and progress
tracking, which can enhance individuals’ sense of
accomplishment and self-efficacy. By breaking down
health-related tasks into smaller, achievable, time-
specific steps, gamified interventions can help in-
dividuals stay motivated and committed to their health
goals."” This aspect can be beneficial for individuals of
all ages, especially those managing chronic conditions
or seeking to adopt healthier lifestyles. Gamified app
interventions incorporating social elements, such as
peer competitions, collaboration, and social support
networks, can foster a sense of community and
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accountability, encouraging individuals to engage more
actively in their health behaviours."* For instance,
younger individuals may be motivated by friendly
competition and social recognition, while older in-
dividuals may value the opportunity to connect with
peers facing similar health challenges. Gamified app
interventions leveraging principles of personalization
and adaptation to tailor the experience to individual
preferences, needs, and capabilities may enhance
relevance and effectiveness across diverse user pop-
ulations.”* For example, individuals with specific
health conditions may benefit from personalized health
education content and tailored behaviour change stra-
tegies. When gamified app interventions integrate
evidence-based behaviour change techniques, such as
goal setting, self-monitoring, feedback, rewards, and
social support, they are designed to promote positive
behaviour change by targeting key psychological
mechanisms and cognitive processes.'*'"* Depending
on the target population and context, certain tech-
niques may be more effective than others as motiva-
tional factors may vary across age groups,''®'” or
according to individual intrinsic and extrinsic fac-
tors.'”® Thus, there are several reasons why gamified
apps may be effective for various individuals. However,
an important aspect to consider is the possible addi-
tional burden or distraction that gamification may add
to app interventions." The present study included trials
which were all in young to middle aged adults and
there was no effect modification demonstrated by age
in continuous subgroup analyses. Thus, future trials
are needed in various age groups to understand
whether health apps with gamification is uniformly
effective across ages or whether they may vary by type
of gamification. Determining the appropriate use and
combination of approaches, where applicable would be
an important future step in optimizing the potential
use of gamification in health apps.

The present systematic review and meta-analysis has
several strengths. It reports on a comprehensive search
and selection process to identify eligible trials. The to-
tality of available evidence from eligible intervention
trials with a suitable active control group were collated
and synthesized, giving greater protection against bias.
Possible sources of heterogeneity were methodically
explored. Finally, the GRADE approach was utilized to
assess the overall certainty of evidence.

This study is not without limitations. First, despite
the inclusion of randomized controlled trials, waist-to-
hip ratio, non-HDL-C, triglycerides, and HDL-C, meta-
analyses were downgraded for serious ROB, largely
due to missing data. Second, there was evidence of
unexplained inconsistency for MVPA, SBP, and DBP.
Third, there was evidence of serious to very serious
indirectness for the majority (10/19) of outcomes due
to a small number of trial comparisons, the inclusion
of participants with specific health conditions, or app
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interventions targeting intermediate cardiometabolic
outcomes, limiting generalizability of results. Fourth,
there was evidence of imprecision in the majority (10/
19) of pooled analyses, such that the prespecified MID
was crossed indicating clinically important benefit
could not be confirmed and/or harm could not be ruled
out. Fifth, subgroup and publication bias analyses were
unable to be conducted for many of the outcomes
owing to the small number of available trials (<10
trials).

Our research holds significant implications for the
design of effective health apps by optimizing the de-
livery of health interventions. Our work supports the use
of gamification in health apps targeting increased
physical activity and weight loss. Given that a broad
review of the health app space found only 64 of 1680
(4%) of health apps included gamification'” there is an
opportunity to improve effectiveness of health apps.
Furthermore, there was a lack of apps targeting car-
diometabolic outcomes, calling for more work in this
area. Novel findings include the lack of effect modifi-
cation by follow-up duration in physical activity out-
comes, where studies >6-months saw similar effects
compared to those <6-months. Thus, gamification fea-
tures in health apps may be effective in supporting
sustained behaviour change to increase physical activity.
For adiposity outcomes, there was a tendency for a
greater reduction in shorter follow-up (<6 months) vs.
longer follow-ups (>6 months), which indicates that,
gamification may not be a sole feature to guarantee
success. Future works should include developing and
assessing health apps for usability and effectiveness in
their target population.'”” However, assessment is
severely lacking, given over 300,000 health apps may be
found in app stores, yet most are untested.”” Further-
more, future health apps should be assessed for quality
to explore important aspects from reliability of infor-
mation to safety'” and consideration of mapping app
features to behaviour change theories” to enhance
effectiveness.

In conclusion, current evidence provides a good
indication that gamification features in apps targeting
physical activity or weight loss result in trivial im-
provements in steps per day, BMI, and body weight, and
small important improvements in body fat and waist
circumference, compared to non-gamified apps. No ef-
fects were observed for other cardiometabolic risk fac-
tors or dietary markers. More high-quality studies
investigating health apps with gamification designed to
target cardiometabolic risk factors for a variety of pop-
ulations is warranted.
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