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Objective: The aim of this study was to examine the effectiveness of a
school-based gamification strategy to prevent childhood obesity.
Methods: Schools were randomized in Santiago, Chile, between March
and May 2018 to control or to receive a nutrition and physical activity in-
tervention using a gamification strategy (i.e., the use of points, levels, and
rewards) to achieve healthy challenges. The intervention was delivered
for 7 months and participants were assessed at 4 and 7 months. Primary
outcomes were mean difference in BMI z score and waist circumference
(WC) between trial arms at 7 months. Secondary outcomes were mean
difference in BMI and systolic and diastolic blood pressure between trial
arms at 7 months.

Results: A total of 24 schools (5 controls) and 2,197 students (653 con-
trols) were analyzed. Mean BMI z score was lower in the intervention arm
compared with control (adjusted mean difference —0.133, 95% CI: -0.25
to -0.01), whereas no evidence of reduction in WC was found. Mean BMI
and systolic blood pressure were lower in the intervention arm compared
with control. No evidence of reduction in diastolic blood pressure was
found.

Conclusions: The multicomponent intervention was effective in prevent-
ing obesity but not in reducing WC. Gamification is a potentially powerful
tool to increase the effectiveness of school-based interventions to pre-
vent obesity.

Obesity (2021) 29, 1825-1834.

Introduction

Childhood obesity has reached epidemic proportions in recent decades (1), producing neg-
ative health, economic, and social consequences (2,3). These include an increased risk of
type 2 diabetes, cardiovascular diseases, and cancer, a shorter life expectancy, and lower
quality of life (2,4).
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Study importance

What is already known?

» School-based interventions to reduce
obesity and blood pressure have been
shown to be effective but with high lev-
els of heterogeneity.

» Gamification is an innovative approach
that employs game design principles
(such as a story, points, levels, and re-
wards) to influence behavioral change.
We examined the effectiveness of a nu-
trition and physical activity intervention
using a gamification strategy in schools
in Chile. Our study is the first trial to use
a gamification strategy to prevent child-
hood obesity and one of the few studies
in Latin America.

What does this study add?

» The intervention was codesigned with
the students, teachers, and school
owners.

» We found that our multicomponent inter-
vention using gamification was effective
to reduce BMI z score by —-0.133 BMI
standard deviations in Chilean school-
children, but we found no evidence of
reduction in waist circumference.

How might these results change the
direction of research?

» A gamification strategy is a promising tool
to increase motivation and strengthen
the effectiveness of school-based
interventions.
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The school environment is a suitable setting for implementing
evidence-based interventions to prevent obesity. Several systematic
reviews of randomized controlled trials (RCTs) have suggested that
school interventions might be effective to decrease adiposity and
blood pressure (5-8). Multicomponent interventions addressing both
nutrition and physical activity and involving parents and the school
community appear to be more effective (6).

However, findings have a high heterogeneity, and recent studies based
on randomized controlled trials have reported null findings, casting
doubt on the overall effectiveness of school-based interventions to pre-
vent obesity (9,10). Trials to date have relied on classroom-based edu-
cation or environmental changes without a strong incentive structure to
promote motivation and support behavioral change.

Gamification, the use of game design principles to influence socially
significant human behavior (11), has gained increasing attention as
a tool to influence dietary behaviors and physical activity (12-14).
Nonetheless, gamification has, to the best of our knowledge, not been
used for preventing childhood obesity.

In the Juntos Santiago trial, we used an innovative, theory-driven gam-
ification strategy to increase motivation and participation in healthy
behavioral changes (15). Intervention components address the snacks
brought from home and encourage physical activity, with active parent
and school community participation. These components are bundled by
a community game system that provides internal and external motiva-
tors (points, levels, badges, and leaderboards), resulting in structural
and fun activity rewards that improve school infrastructure and con-
tribute to sustained intervention effects. The intervention is based on
the Behavioral Change Wheel framework (16), in which the gamifica-
tion strategy incentivizes and motivates students to achieve the Healthy
Challenges, increase their knowledge, and win rewards that create an
enabling environment.

This study examined the effectiveness of a multicomponent school-
based gamification strategy to prevent childhood obesity in fifth- and
sixth-grade schoolchildren in Santiago, Chile. We hypothesized that the
intervention would result in a reduction in the primary outcomes (BMI,
waist circumference) and secondary outcomes (systolic [SBP] and dia-
stolic blood pressure [DBP]).

Methods

Trial design

Juntos Santiago is a school-based, longitudinal cluster controlled trial
with a 2:1 allocation ratio (intervention:control). We chose this al-
location ratio to increase the number of participants exposed to the
experimental treatment and improve the acceptability of the trial. The
school was the unit of randomization and intervention. We carried
out the analysis at the individual level. We registered the study in
ClinicalTrials.gov (NCT03459742). There were no changes in the
design and methods for the year 2018, but there were some changes
in the scope and design for the year 2019 (see online Supporting
Information), which did not affect the results reported here. We in-
formed these changes to the Scientific Ethics Committee before the
end of 2018. We report the study in accordance with the Consolidated
Standards for Reporting Trials (CONSORT) for cluster-randomized
trials (17).

Gamification and Childhood Obesity Prevention Pefia et al.

Participants

The student population were children in fifth and sixth grade in schools
in the neighboring municipalities of Santiago and Estacién Central in
Santiago, Chile. All types of schools (i.e., public, private-subsidized,
and private schools) in Santiago were eligible for inclusion in the in-
tervention and control arm (71 schools), whereas all types of schools
in Estacion Central were eligible for inclusion only in the control arm
(27 schools). The reason for allocating schools in Estaciéon Central
only to the control arm was that it was considered operationally un-
feasible to implement the intervention in two municipalities, which
would have increased implementation costs substantially. In the pres-
ent analyses, we compared the trial arm with the control arm includ-
ing schools in Santiago and Estacién Central. In sensitivity analyses,
we included only participants from Santiago, where allocation was
random. Eligibility criteria were schools with 40 students or more in
total (fifth and sixth grade altogether) and acceptance of school par-
ticipation. All students in fifth and sixth grades were eligible to par-
ticipate in the study, regardless of weight or health status at baseline.

The Scientific Ethics Committee from the Central Metropolitan Health
Service of Santiago approved the trial in accordance with Law 20.120
(2006). We obtained written consent from all parents and caregivers
and written approval from all participating students in the intervention
arm, except from one school, which provided institutional consent for
the school as a whole.

Intervention development

We designed the trial with the participation of school owners, principals,
teachers, students, and public health and gamification experts. We devel-
oped the intervention in 2016 as part of the Mayors Challenge application
process. We used a Design Thinking approach and designed prototypes
of the intervention components to test the assumptions and reduce im-
plementation risks (18). We tested participation interest in three schools
with principals, teachers, and 139 parents; we tested the enrollment sys-
tem in seven schools with 274 students. We consulted experts and practi-
tioners to assess the potential effectiveness and implementation barriers.
We carried out a pilot study in three schools for 5 months in 2017 to test
the field implementation of the gamification strategy.

Intervention

The intervention is a gamification strategy consisting of four compo-
nents: (1) Healthy Challenges of three types: Healthy Snacks Challenge,
in which children collect points for bringing healthy snacks for school
breaks; Steps Challenge, in which children are given an activity tracker;
and Healthy Activity Challenge, in which children and their families
collect points by uploading pictures of specific healthy activities de-
fined by the research team; (2) gamification incentives, including the
use of points, leaderboards, and badges, to promote behavioral and
structural change in the schools; (3) rewards, including a starting kit,
activity reward, and structural reward for schools (e.g., climbing walls,
improvements in sports infrastructure); and (4) an online platform,
where children and parents could monitor the class and individual
progress and receive nutritional education. The intervention applies ele-
ments to the school, class, and individual level. We consider the Healthy
Snacks Challenge, the gamification strategy, and the structural rewards
as the main components of the intervention (see Table 1 for details on
definitions and implementation). More details on the gamification strat-
egy, intervention delivery, and data collection methods can be found in
Table 1 and in the online Supporting Information.
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Control arm

Schools in the control arm received standard education provision in-
cluded in the school curricula. Additionally, students and parents re-
ceived access to the online platform, where parents and students could
find educational leaflets and videos (see online Supporting Information
for details).

Outcomes

We followed up participants at 4 and 7 months. The prespecified pri-
mary outcome was the mean difference in BMI z score and waist cir-
cumference between trial arms at 7 months. Prespecified secondary
outcomes were the mean difference in BMI, SBP, and DBP between
trial arms at 7 months. Registered dietitians collected the data using
a measurement protocol; we trained them before each round of data
collection to standardize procedures.

We measured weight using a digital scale (Seca 813). We discounted
weight of clothing following an equivalence table in grams. We mea-
sured height using a Seca 213 stadiometer. We assessed waist circum-
ference using a Lutkin W606PM tape measure. We calculated BMI as
the weight (in kilograms) divided by height (in meters) squared. We
used WHO growth reference to calculate BMI z score. We performed
all measurements twice; we entered the average of both measurements
in a mobile app data collection form.

We measured blood pressure after 5 minutes of rest using an Omron
HEM-7120 sphygmomanometer and followed standardized methods
defined in the measurement protocol. We measured blood pressure once
and did a second and third measurement when the blood pressure was
higher than normal values for gender, age, and height (according to
international pediatric guidelines) (19). We report the average of the
three measurements. An external evaluator carried out audits in 25%
of students measured at 4 and 7 months. No changes to trial outcomes
occurred after the trial began.

Sample size

We calculated the sample size based on the primary outcome, BMI z
score. We designed the study to detect a 0.072 mean difference in BMI
z score, using the pooled standardized mean difference from a large
meta-analysis as a reference and the standard deviation (SD) of the
mean difference from similar studies (5,20,21). This effect size (which
roughly translates into a reduction of 0.22 kg/m? in BMI) has been es-
timated to translate into relevant reductions in the prevalence of obesity
and diabetes (22). We considered a power of 80% and a two-sided o of
0.05. We used G*Power 3.0 for sample size calculations (23). This sam-
ple size was multiplied by a design effect calculated assuming an intra-
class correlation coefficient at the school level of 0.02 for 15 schools
(design effect 1.28), to obtain the final sample size. The final sample
size should be at least 5,000 participants in total, which was expected
for the final scale-up during the year 2019. The current sample size was
underpowered to detect such small differences in BMI z score, but it is
comparably larger than previous studies set to detect mean differences
in BMI z score close to 0.25 (9,10).

Randomization, implementation, and blinding

We used a computer-generated sequence for the randomization. Given
the socioeconomic differences between Chilean school types, we strat-
ified by school type (public, private-subsidized, and private). Within

Obesity

each stratum, all schools in Santiago were randomly allocated to each
trial arm, whereas all schools in Estacion Central were randomly se-
lected but allocated only to the control arm. Within each arm, we invited
schools sequentially to participate using a random sequence propor-
tional to the total number of students, resulting in schools with more
students being more likely to be invited.

An epidemiologist located at a remote site from trial location (PZ)
generated the random sequence and assigned schools to treatment
arm. The implementation team from the Municipality of Santiago
(MC, PE, VM) was responsible for the enrollment of schools, classes,
and students. We considered concealment from randomization unfea-
sible, and schools were informed of their assignment status before
enrollment. We did not observe differences in the proportion of
schools who accepted to participate between trial arms (Supporting
Information Table S1). Blinding of participants and research counsel-
ors was not possible because of the nature of the intervention.

Statistical analysis

SP, PZ, CC, and JK analyzed the data. We analyzed all participants
according to the group they were originally assigned. Students who re-
ceived partial or no intervention remained in the original intervention
arm. We report the analyses at 4 and 7 months. We used descriptive
statistics to assess the balance between trial arms at baseline.

We did the primary analyses using linear mixed-effects models to
account for the dependency between repeated measurements and clus-
tering at class and school levels (24). The analysis used all participants
with baseline data and at least one measurement point at 4 or 7 months.
We did not include in the analyses schools that refused to participate
or individuals without baseline data or with no follow-up data. Mixed
models allow to vary the number of observations within each partic-
ipant, handling missing data more efficiently than other analytical
approaches (25).

We fitted a four-level strict hierarchy multilevel model with measure-
ment occasion (level 1) nested within students (level 2) nested within
classes (level 3) and nested within schools (level 4). We used the like-
lihood ratio test to compare the multilevel model with a single-level
regression and to examine the need to account for clustering at the class
and school levels. The results of the LR showed the need for a hierar-
chical model adjusting for all four levels of clustering. We adjusted for
baseline values by fitting the model without the treatment variable but
with the time variable and the interaction between time and treatment
in the model (26).

The primary analysis included adjustment for confounding for individ-
ual- and school-level covariates. Individual covariates were sex, age,
nationality (Chilean or other), and type of school schedule (full time,
morning, or afternoon). School covariates were school type (public,
private-subsidized, and private), vulnerability of the school, and the total
number of students. We obtained information on individual covariates
from the students using a self-administered computer questionnaire.
We obtained school-level information from the Chilean Ministry of
Education (27). We defined vulnerability as the percentage of students
classified as “priority” or “preferential” by the Ministry of Education
under Law 20248/2008 (see online Supporting Information for defini-
tions). The primary analysis includes schools in Santiago (with random
allocation) and Estacion Central (non-random allocation) to adhere to
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our preregistered analysis plan. We report estimates only for schools in
Santiago, which might provide more robust causal effects, as sensitivity
analyses.

We carried out three sensitivity analyses: (1) analyses restricted
to the Municipality of Santiago where schools were randomly allo-
cated; (2) analyses using complete cases; and (3) analyses using
multilevel multiple imputation (see online Supporting Information
for details). Intraclass correlations for each outcome are reported in
Supporting Information Table S2. We used package /me4 for the linear
mixed effects models. We used R version 3.5.3 for all analyses. The

Statistical Analysis Plan and R script can be found in online Supporting
Information.

Results

A total of 24 schools (5 controls in Santiago and 4 in Estacion Central)
participated in the study (Figure 1). Among 3,872 eligible students at
baseline, we obtained written consent and approval from 2,466 students
(63.7%). We assessed 2,320 students (709 controls) at baseline and
analyzed 2,197 students (653 controls), 89.1% of those who provided

Enrollment

98 schools assessed for eligibility

10 schools excluded for not meeting inclusion
criteria (no. of students lower than 40)

88 schools met inclusion criteria and were eligible

controls

29 schools in Santiago randomly allocated and invited
to participate. 7 schools in Estacion Central
randomly selected and invited to participate as

-| 12 schools declined to participate

Allocation

24 schools agreed to participate

A1

Y

2299 students from 15 schools were
enrolled in the intervention group

1573 students from 9 schools were
enrolled in the control group

594 students did not provide assent or
consent

812 students did not provide assent or
consent

1705 provided informed consent and
assent

761 provided informed consent

4 abandoned the program
31 children left the school
43 children not present in school <7
16 children refused measurement

0 abandoned the program
13 children left the school
37 children not present in school
2 children refused measurement

Follow-up

1611 had baseline measurements |>

~| 709 had baseline measurements

19 children left the school
124 not present in school l
3 children refused measurement

10 children left the school
> 129 not present in school
1 children refused measurement

1465 were measured at 4th month ‘

’ 569 were measured at 4th month ‘

25 children left the school

10 children left the school

94 not present in school
7 children refused measurement

38 not present in school
2 children refused measurement

1485 were measured at 7th month

> 659 were measured at 7th month

v

1544 were measured at baseline
and 4th or 7th month

Analysis

653 were measured at baseline
and 4th or 7th month

Figure 1 Juntos Santiago trial profile.
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informed consent. Recruitment took place between March and early
May 2018.

Table 2 summarizes the baseline characteristics of participants.
Intervention and control schools had similar levels of vulnerability
(46.6% and 54.1%) and mean number of students (989.1 [433.4] and
1,052.3 [564.5]). Students in the control arm were more often male
(64.5% vs. 58.4% in the intervention arm), of foreign nationality (24.3%
vs. 21.9% in the intervention arm) and attended school full time com-
pared with the intervention arm (67.7% and 59.1%). Anthropometric
measurements were similar in the control and intervention arms at
baseline. We observed similar baseline characteristics when the analy-
sis was restricted to randomly allocated schools in the Municipality of
Santiago (Supporting Information Table S3).

Primary outcomes

Table 3 shows the results of the primary and secondary outcomes at
baseline, follow-up, and the adjusted differences at 4 and 7 months.
We did not observe differences in BMI z score and waist circumference
at 4 months. At 7 months, the intervention arm had lower BMI z score
than the control arm after adjusting for school and individual covariates

TABLE 2 Baseline characteristics of 2,320 fifth- and sixth-grade
students participating in the Juntos Santiago trial by trial arm

Intervention Control
Individual level
No. of students 1,611 709
Age (y) 11.08 (0.75) 11.15(0.79)
Male sex 941 (58.4%) 457 (64.5%)
(

Other nationality
Student schedule

347 (21.9%) 163 (24.3%)

Full time 952 (59.1%) 480 (67.7%)
Morning 518 (32.2%) 139 (19.6%)
Afternoon 111 (6.9%) 51 (7.2%)
School level
Type of school
Public 776 (48.2%) 428 (60.4%)
Private-subsidized 595 (36.9%) 252 (35.5%)
Private 240 (14.9%) 29 (4.1%)
Vulnerability % 46.6 (20.9) 54.1 (13.6)
Mean number of students 1,052.3 (564.5) 989.1 (433.4)
Anthropometric
measurements
Weight (kg) 42.9 (10.0) 44.0 (11.0)
Height (cm) 144.8 (7.7) 145.3(7.7)
BMI (kg/m?) 20.3(3.6) 20.7 (3.9
BMI z score 1.01 (1.16) 1.06 (1.21)
Waist circumference (cm) 70.1(9.7) 71.1(10.2)
Systolic blood pressure 102.7 (10.8) 100.8 (10.1)
(mmHg)
Diastolic blood pressure 66.2 (8.4) 66.2 (7.6)
(mmHg)

Data are means (SD) or counts (%).

and baseline values (adjusted mean difference at 7 months: —0.13, 95%
CI: —=0.25 to —=0.01). At 7 months, the waist circumference was similar
between the intervention and control arms (adjusted mean difference at
7 months: —0.43 cm, 95% CI: —1.56 to 0.71).

Secondary outcomes

We did not observe differences between trial arms in BMI, SBP and
DBP at 4 months. At 7 months, students in the intervention arms experi-
enced a reduction in their BMI compared with controls (adjusted mean
difference —0.42 kg/m2, 95% CI: —0.78 to —0.05) and SBP (adjusted
mean difference —1.41 mmHg, 95% CI: —2.44 to —0.38). DBP was sim-
ilar between intervention and control arms at 7 months (adjusted mean
difference —0.64 mmHg, 95% CI: —1.46 to 0.18).

Analyses restricted to the Municipality of Santiago (where schools were
randomly allocated) showed similar results (Supporting Information
Table S4). The adjusted mean difference in BMI z score was —0.22 (95%
CI: —0.36 to —0.08) and the adjusted mean difference for waist circumfer-
ence was —0.35 cm (95% CI: —1.86 to 1.16). Other sensitivity analyses
were consistent with the main analyses and did not change our conclu-
sions (Supporting Information Tables S5 and S6).

Intervention delivery

All schools and classes participated actively in the intervention. All
classes (61/61) received a monthly activation visit to follow the count
of points, levels, and badges. The Healthy Snacks Challenge started in
April, and all classes received at least 16 visits to monitor the healthy
snacks, and 79.5% of students were effectively monitored. The Steps
Challenge was significantly delayed because of the bankruptcy of
Jawbone, the original activity tracker chosen for the study. A total of
47 classes (77%) and 1,229 participants (71%) received the activity
trackers, out of which 45% synchronized the tracker with the FitBit
mobile app. We invited all classes to participate in the Healthy Activity
Challenge, but participation was overall low: from September to
December, 177 students (10.2%) uploaded pictures of healthy activities.

Discussion

This cluster controlled trial aimed to examine the effectiveness of an
innovative, multicomponent, school-based gamification strategy in
Santiago, Chile. The intervention consisted of a game system of in-
ternal and external motivators, healthy challenges, and structural and
fun activity rewards. We found promising evidence of a reduction of
BMI z score, BMI, and SBP but no evidence of improvement in waist
circumference and DBP.

Comparison with previous studies is limited because of the innovative
nature of the intervention. We observed a reduction in BMI z score and
BMI, which is consistent with previous findings of school-based inter-
ventions from systematic reviews and meta-analyses. The effect size
appears to be larger than the pooled effects sizes for BMI z score (5,6)
and BMI in meta-analyses, even though our confidence intervals are
compatible with a large range of effect sizes (7,8,28). Our findings rein-
force the idea that multicomponent interventions are more effective to
prevent childhood obesity than single-component interventions (7,29).

We did not observe a reduction in waist circumference. Earlier evi-
dence is inconsistent, from some studies showing reductions in waist
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circumference closer to 1.6 to 1.7 cm (30,31) to others showing no
change (9,32,33). A recent meta-analysis of school-based physical
activity interventions showed a very small pooled effect on waist cir-
cumference of —0.14 (34). Another meta-analysis of physical activity
interventions observed a reduction in BMI z score but did not find evi-
dence of a reduction in waist circumference (35). This indicates that
the intervention might be more effective in reducing body weight than
abdominal fat accumulation.

This study showed a small reduction in SBP and no change in DBP.
Our results in SBP are in line with findings of meta-analyses, which
found a pooled reduction in SBP of 1.9-1.6 mmHg (5,36). The lack
of effect on DBP contrasts with reductions in DBP close to 1.4-1.2
mmHg described in previous meta-analyses (5,36). A discrepancy
between the effects on SBP and DBP has also been observed in mod-
est salt-reduction trials (37) but could also be the result of a mediating
effect of BMI on changes in SBP and not DBP (5).

We observed some imbalance in the baseline characteristics of par-
ticipants. Covariate imbalance is a common challenge in cluster-
randomized trials, because of the difficulties in recruiting clusters and
the correlated nature of the individual-level data at the cluster level
(38). This translates in a greater risk of selection bias than individual-
level randomized trials (39). In our study, covariate imbalance could
be explained by a relatively low number of clusters (40), lack of allo-
cation concealment (i.e., schools allocated to the intervention group
are more likely to participate), and the fact that schools in Estacién
Central were eligible only to control schools and, hence, were not
randomly allocated. In addition, nonparticipation at the individual
level could have also resulted in selection bias. The impact of the
lack of allocation concealment is probably small, given we did not
observe differences between trial arms in the proportion of schools
who accepted to participate. Likewise, our sensitivity analysis includ-
ing only randomly allocated schools in Santiago was consistent with
the main analyses. Selection bias due to individual nonparticipation
is possible, although the consent rates in our study are higher than
previous trials (10,41). All in all, our results remained robust under
several sensitivity analyses, suggesting that the risk of selection bias
is likely to be small.

The Juntos Santiago trial has several strengths. We developed the
intervention using Design Thinking principles with active participa-
tion of experts and school communities over the span of 2 years. The
Juntos Santiago trial has an adequate sample size and high rates of
follow-up, with 91.5% of students measured and no loss of schools
or classes. We used objective outcomes and a standardized protocol
with a robust quality control procedure, which reduces the likelihood
of measurement error. Potential residual confounding due to random-
ization at the cluster level is reduced by adjusting for several indi-
vidual- and school-level covariates. The trial was carried out by a
local government using existing administrative infrastructure. This
type of implementation increases the external validity of the study
and demonstrates the feasibility of the implementation in real-world
settings of developing countries like Chile.

However, some limitations are noted. In addition to the risk of selection
bias discussed here previously, we carried out the intervention during
a short period of time, and we were not able to fully implement the
Healthy Challenges. Healthy Activity challenges started with delay, and
the Steps Challenge was implemented toward the end of the interven-
tion and for a small number of participants. Nonetheless, we believe the

Obesity

components of the intervention that were delivered (Healthy Snacks,
the gamification per se, and the infrastructure rewards) are the core
components of the intervention and can explain the observed effect. If
anything, the partial delivery could have led to an attenuation of the trial
effects. Finally, we assessed participants at the end of the intervention,
and we do not know whether the effect is sustained over time.

Conclusion

A gamification strategy was an effective intervention to prevent obe-
sity and reduce SBP in schoolchildren in Santiago, Chile. Further re-
search should explore the perceptions of students, teachers, parents, and
school staff about the intervention and the cost-effectiveness of the trial.
Gamification is a potentially powerful tool to increase the effective-
ness of school-based interventions to prevent obesity. Transferability
to other settings, however, requires an understanding of the students’
motivations and behavioral challenges and the implementation of par-
ticipatory mechanisms to tailor the intervention to diverse behavioral,
social, and institutional cultures.O
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