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Effectiveness of a Gamification Strategy to Prevent 

Childhood Obesity in Schools: A Cluster Controlled Trial

Sebastián Peña 1,2, Macarena Carranza3, Cristóbal Cuadrado 4,5, Diana C. Parra 6,  

Pablo Villalobos Dintrans 7, Cecilia Castillo8, Andrea Cortinez- O’Ryan 9, Paula Espinoza3, Valeska Müller3, 

Cristián Rivera3, Romina Genovesi10, Juan Riesco10, Jukka Kontto1, Ricardo Cerda11, and Pedro Zitko 12

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) 0, 1-10. 

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 
Clini calTr ials.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).

Participants
The student population were children in fifth and sixth grade in schools 
in the neighboring municipalities of Santiago and Estación 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 Estación Central were eligible for inclusion only in the control arm 
(27 schools). The reason for allocating schools in Estación 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 Estación 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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TABLE 1 Summary of the multicomponent intervention in Juntos Santiago trial

Details/description Implementation Participants

Component 1: Healthy Challenges

Snacks Challenge: Children  collect 

points for bringing healthy 

snacks from home

Healthy snacks were defined using the NOVA classifica-

tion (42). Snacks classified as NOVA 1 (unprocessed 

or minimally processed) are considered healthy and 

provided 80 energy points; NOVA 3 provided 40 energy 

points and NOVA 4 provided 10 energy points. Bringing 

money or not bringing snacks provides 0 energy points.

Trained monitors visited classrooms without previous 

notice before the first morning break, a maximum of 

three times a month from May to December 2018. We 

collected data on packaged products using a mobile 

app, which scanned the SKU in the barcode and linked 

the SKU to a Food Composition Database built for the 

intervention. The project team assessed unpackaged 

foods and coded into 20 predefined categories.

Students and (indirectly) families

Activity Challenge: Children 

 collect points for participating in 

healthy activities together with 

their families

Children and their families were suggested healthy activi-

ties from a list. Students received 1 crew member point 

for each family member who participated in the healthy 

activity. The healthy activities carried out were then 

converted into crew member points.

We posted a list of healthy challenges on the Web plat-

form, sent by email to school contacts and mentioned 

verbally during the Snacks Challenge monitoring visits.

Students and families

From May to August, students verbally described the 

activities during the game session. We counted crew 

member points for the class as a whole.

From September onward, students uploaded photos to 

the Web platform. A trained team member validated the 

photo and gave them points automatically.

Steps Challenge: Children are 

given a validated activity tracker 

and collect points for exceeding 

13,000 steps per day

We measured steps using a FitBit Zip activity tracker for 

1 week. Students collected miles points for each time 

they exceeded the threshold of 13,000 steps per day.

Students were handed the activity tracker for 7 days once 

in November 2018. We collected data using an API 

developed for the intervention.

Students

Component 2: Gamification strategy

Story and characters The game was called “Navigator, a healthy adventure.” 

Students traveled in a ship that sailed through seven 

islands. Each island had dangers (junk food, excess of 

sugar, plastic, or social media) and they needed energy, 

crew member and miles points from Healthy Challenges 

to leave as quickly as possible.a

Trained monitors visited each class monthly. The game 

and its rules were explained in the first session. 

Students volunteered to take one of eight game roles.b

Leaderboard Each classroom had a leaderboard. The panel consisted 

of a ship that sailed through seven islands. To move to 

the next island, students must have collected enough 

points and passed an unblocking challenge (e.g., organ-

ize a demonstration against sugary foods) before the 

next game session. The scores of each challenge and 

the cards used were recorded on the board.

Monitors visited the classes monthly, counted the energy 

and crew member points, moved the ship in the leader-

board, and wrote the sum of points for that month.

Students

 (Continues)
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Details/description Implementation Participants

Game sessions In game sessions we counted all the points. The class 

needed to have enough energy and crew member 

points to move to receive the unblocking challenge and 

move to the next island. If it did not, the class was able 

to convert the points into fruit coins and buy cards to 

exceed a predefined threshold.

Game sessions were carried out monthly for approxi-

mately 30 minutes in the classroom. Monitors counted 

the energy and crew member points and asked certain 

roles to buy cards in case points were not enough. 

Cards were allowed to increase the number of points. 

If this was insufficient, we gave classes the possibility 

to do a feat challenge (a simple fun activity done in the 

classroom). In practice, monitors adjusted the points so 

that all classes would do the feat challenge.

Students and teachers

Component 3: Rewards

Starting kit Initial reward was given at the beginning of the project to 

motivate students. The box contained a bottle for water 

and educational materials.

We delivered a starting kit during the first game ses-

sion, which was done after the anthropometric 

measurements.

Students and teachers

Structural rewards: Children win 

improvements in school infra-

structure for physical activity 

and nutrition

Students chose the structural rewards (one reward per 

school) from a closed list. An architect and the project 

team defined the list. Schools received the structural 

rewards after leaving the fourth island. Examples 

include climbing walls, tennis tables, and refurbishment 

of sport courts.

All 15 schools won the structural rewards, which we 

delivered during November and December 2018. In 

some cases, providers were not able to deliver on time 

and we provided structural rewards after the end of the 

school year.

Students, teachers, and school 

community

Activity rewards Classes received the activity rewards after reaching the 

seventh island and winning the unblocking challenges.

Out of 61 classes, 21 won the activity rewards. The 

activity reward was a full day at the Educational Farm 

in Lonquén.

Students, teachers, and parents

Component 4: Online platform

Online platform An online platform featured different profiles for children, 

teachers, and parents where they could see their 

advance on the Healthy Challenges. Children or parents 

had to upload pictures of healthy activities at least once 

a month.

Profiles were ready in June. The option on the platform 

to upload photos of healthy activities was ready on 

October 1.

Students, teachers, and parents

API, application program interface; SKU, stock keeping unit.
aBecause of the uncertainty of the use of activity trackers, miles points were planned to be extra. In practice, the activity trackers were handed out in December 2018, and the miles points collected were not incorporated in 
the game.
bThe roles were captain, cook, artist, scientist, navigator, explorer, defender, and sentry.

TABLE 1  (continued).
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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 Lufkin 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/m2 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 α 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 

each stratum, all schools in Santiago were randomly allocated to each 
trial arm, whereas all schools in Estación 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 Estación 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 lme4 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 Estación 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 

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 

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- 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 

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 347 (21.9%) 163 (24.3%)

Student schedule

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/m2) 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 

(mmHg)

102.7 (10.8) 100.8 (10.1)

Diastolic blood pressure 

(mmHg)

66.2 (8.4) 66.2 (7.6)

Data are means (SD) or counts (%).
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TABLE 3 Adjusted differences for primary and secondary outcomes at 4 and 7 months in 2,197 students participating in the Juntos Santiago trial by trial arm

Intervention arm, 

mean (SD) Control arm, mean (SD)

Mean difference, adjusted for clustering 

only (95% CI) Mean difference, fully adjusted (95% CI)

4 mo 7 mo 4 mo 7 mo 4 mo 7 mo 4 mo 7 mo

Primary outcomes

BMI z score 0.98 (1.13) 0.92 (1.15) 1.10 (1.19) 1.07 (1.19) −0.096 (−0.26 to 0.07) −0.147 (−0.31 to 0.01) −0.080 (−0.20 to 0.04) −0.133 (−0.25 to −0.01)

Waist 

circumference
70.9 (9.5) 71.1 (10.2) 72.1 (10.4) 72.10 (10.43) −0.89 (−2.32 to 0.54) −0.96 (−2.39 to 0.47) −0.12 (−1.17 to 0.92) −0.43 (−1.56 to 0.71)

Secondary outcomes

BMI 20.4 (3.6) 20.5 (3.7) 21.1 (4.0) 21.09 (4.03) −0.40 (−0.89 to 0.10) −0.53 (−1.02 to −0.04) −0.24 (−0.60 to 0.12) −0.42 (−0.78 to −0.05)

Systolic blood 

pressure
101.8 (11.3) 99.4 (9.1) 102.0 (9.8) 101.2 (9.3) −0.21 (−1.64 to 1.23) −1.73 (−3.14 to −0.33) 0.23 (−0.87 to 1.34) −1.41 (−2.44 to −0.38)

Diastolic blood 

pressure
66.0 (8.2) 64.4 (6.4) 65.4 (7.6) 65.1 (7.5) 0.55 (−0.43 to 1.52) −0.68 (−1.63 to 0.26) 0.81 (−0.02 to 1.62) −0.64 (−1.46 to 0.18)

Mean difference between intervention and control arm, adjusted for baseline values and individual- level (age, sex, nationality, student schedule) and school- level covariates (type of school, % vulnerability, and total number of 
students).
Means and SDs in intervention and control arm are unadjusted. Waist circumference is in cm. BMI is in kg/m2. Systolic blood pressure and diastolic blood pressure are in mmHg. The sample size was 2,260 for models adjusted 
for clustering only and 2,197 for fully adjusted models.
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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 Estación 
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 

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

Acknowledgments
The authors are thankful to Paula Sierralta, Nicolás Díaz, Francisco 
Espinoza, Constanza Román, Pamela Castro, and Jorge Pavez for their 
support in the design, prototyping, and planning of the intervention. We 
are also thankful to the Mayors Felipe Alessandri and Carolina Tohá as 
well as the municipal departments of Education, Secretary of Planning, 
Communications, Health, and Sports for their support in the implemen-
tation of the study. The trial would not have been possible without the 
enthusiastic participation of students, teachers, school administrators, 
and principals.

We welcome data access requests for the Juntos Santiago trial data. 
Requests should be addressed to the corresponding author. Anonymized 
data from all participants will be freely available, immediately after 
publication. We included the translated trial protocol and statistical 
analysis plan, as well as the R code, as online Supporting Information. 
The data will be shared on requests describing the planned use of 
the data, after the approval of the trial guarantors and corresponding 
authorities at the Municipality of Santiago.

Funding agencies: This work was supported by the Mayors Challenge 2016, 

Bloomberg Philanthropies. The funder had no role in the study design, data collection, 

data analysis, data interpretation, or writing of the report. During the application phase 

of the Mayors Challenge 2016, the funder provided training in Design Thinking and 

behavioral economics and appointed a coach to support the planning team at the 

Municipality of Santiago. After awarding the grant, the funder appointed Delivery 

Associates to support the delivery of the implementation.

Disclosure: The authors declared no conflict of interest.

Clinical trial registration: Clini calTr ials.gov identifier NCT03459742.

Supporting information: Additional Supporting Information may be found in the on-

line version of this article.

References
 1. NCD Risk Factor Collaboration. Worldwide trends in body- mass index, underweight, 

overweight, and obesity from 1975 to 2016: a pooled analysis of 2416 population- 
based measurement studies in 128.9 million children, adolescents, and adults. Lancet 
2017;390:2627- 2642.

 2. Wang YC, McPherson K, Marsh T, Gortmaker SL, Brown M. Health and economic bur-
den of the projected obesity trends in the USA and the UK. Lancet 2011;378:815- 825.

 3. Griffiths LJ, Parsons TJ, Hill AJ. Self- esteem and quality of life in obese children and 
adolescents: a systematic review. Int J Pediatr Obes 2010;5:282- 304.



Obesity

10     Obesity | VOLUME 00 | NUMBER 00 | MONTH 2021 www.obesityjournal.org

Gamification and Childhood Obesity Prevention Peña et al.

 4. Olshansky SJ, Passaro DJ, Hershow RC, et al. A potential decline in life expectancy in 
the United States in the 21st century. N Engl J Med 2005;352:1138- 1145.

 5. Oosterhoff M, Joore M, Ferreira I. The effects of school- based lifestyle interventions on 
body mass index and blood pressure: a multivariate multilevel meta- analysis of random-
ized controlled trials. Obes Rev 2016;17:1131- 1153.

 6. Wang Y, Cai L, Wu Y, et al. What childhood obesity prevention programmes work? A 
systematic review and meta- analysis. Obes Rev 2015;16:547- 565.

 7. Sobol- Goldberg S, Rabinowitz J, Gross R. School- based obesity prevention pro-
grams: a meta- analysis of randomized controlled trials. Obesity (Silver Spring) 
2013;21:2422- 2428.

 8. Vasques C, Magalhães P, Cortinhas A, Mota P, Leitão J, Lopes VP. Effects of interven-
tion programs on child and adolescent BMI: a meta- analysis study. J Phys Activ Health 
2014;11:426- 444.

 9. Lloyd J, Creanor S, Logan S, et al. Effectiveness of the Healthy Lifestyles Programme 
(HeLP) to prevent obesity in UK primary- school children: a cluster randomised con-
trolled trial. Lancet Child Adolesc Health 2018;2:35- 45.

 10. Adab P, Pallan MJ, Lancashire ER, et al. Effectiveness of a childhood obesity prevention 
programme delivered through schools, targeting 6 and 7 year olds: cluster randomised 
controlled trial (WAVES study). BMJ 2018;360:k211. doi:10.1136/bmj.k211

 11. Reeves B, Read J. Total Engagement: Using Games and Virtual Worlds to Change the Way 

People Work and Businesses Compete. Boston: Harvard Business School Press; 2009.
 12. González- González C, Gómez del Río N, Navarro- Adelantado V. Exploring the benefits 

of using gamification and videogames for physical exercise: a review of state of art. Int 

J Interact Multimed Artif Intell 2018;5:46- 52.
 13. Jones BA, Madden GJ, Wengreen HJ, Aguilar SS, Desjardins EA. Gamification of di-

etary decision- making in an elementary- school cafeteria. PLoS One 2014;9:e93872. 
doi:10.1371/journ al.pone.0093872

 14. Boulos MNK, Yang SP. Exergames for health and fitness: the roles of GPS and geosocial 
apps. Int J Health Geographics 2013;12:18.

 15. Salen K, Zimmerman E. Rules of Play: Game Design Fundamentals. Boston: 
Massachusets Institute of Technology; 2004.

 16. Michie S, van Stralen MM, West R. The behaviour change wheel: a new method for 
characterising and designing behaviour change interventions. Implement Sci 2011;6:42.

 17. Campbell MK, Piaggio G, Elbourne DR, Altman DG. Consort 2010 statement: exten-
sion to cluster randomised trials. BMJ 2012;345:e5661. doi:10.1136/bmj.e5661

 18. Brown T. Change by Design. New York: HarperCollins Publishers; 2019.
 19. International Pediatric Hypertension Association. Blood pressure limits charts 2012. 

Accessed March 23, 2021. http://www.iphap ediat richy perte nsion.org/resou rces/calcu 
lator s/

 20. Yin Z, Moore JB, Johnson MH, Vernon MM, Gutin B. The impact of a 3- year after- 
school obesity prevention program in elementary school children. Child Obes 
2012;8:60- 70. doi:10.1089/chi.2011.0085

 21. Herscovici CR, Kovalskys I, De Gregorio MJ. Gender differences and a school- based 
obesity prevention program in Argentina: a randomized trial. Rev Panam Salud Publica 
2013;34:75- 82.

 22. Barrientos- Gutierrez T, Zepeda- Tello R, Rodrigues ER, et al. Expected population 
weight and diabetes impact of the 1- peso- per- litre tax to sugar sweetened beverages in 
Mexico. PLoS One 2017;12:e0176336. doi:10.1371/journ al.pone.0176336

 23. Faul F, Erdfelder E, Lang A- G, Buchner A. G*Power 3: a flexible statistical power anal-
ysis program for the social, behavioral, and biomedical sciences. Behav Res Methods 
2007;39:175- 191.

 24. Tang W, Tu X, ed. Modern clinical trial analysis. New York, USA: Springer; 2012.
 25. O Connell NS, Dai L, Jiang Y, et al. Methods for analysis of pre- post data in clini-

cal research: a comparison of five common methods. J Biometrics Biostatistics 2017;  
8:1- 8.

 26. Twisk J, Bosman L, Hoekstra T, Rijnhart J, Welten M, Heymans M. Different ways to 
estimate treatment effects in randomised controlled trials. Contemporary Clin Trials 

Commun 2018;10:80- 85.
 27. Chilean Ministry of Education. Datos Abiertos Mineduc Santiago. Accessed March 24, 

2021. http://datos abier tos.mined uc.cl/
 28. Kobes A, Kretschmer T, Timmerman G, Schreuder P. Interventions aimed at preventing 

and reducing overweight/obesity among children and adolescents: a meta- synthesis. 
Obes Rev 2018;19:1065- 1079.

 29. Bleich SN, Vercammen KA, Zatz LY, Frelier JM, Ebbeling CB, Peeters A. Interventions 
to prevent global childhood overweight and obesity: a systematic review. Lancet 

Diabetes Endocrinol 2018;6:332- 346.
 30. Siegrist M, Lammel C, Haller B, Christle J, Halle M. Effects of a physical education 

program on physical activity, fitness, and health in children: the JuvenTUM project. 
Scand J Med Sci Sports 2013;23:323- 330.

 31. Taylor RW, McAuley KA, Barbezat W, Strong A, Williams SM, Mann JI. APPLE 
Project: 2- y findings of a community- based obesity prevention program in primary 
school age children. Am J Clin Nutr 2007;86:735- 742.

 32. Kriemler S, Zahner L, Schindler C, et al. Effect of school based physical activity pro-
gramme (KISS) on fitness and adiposity in primary schoolchildren: cluster randomised 
controlled trial. BMJ 2010;340:c785. doi:10.1136/bmj.c785

 33. James J, Thomas P, Kerr D. Preventing childhood obesity: two year follow- up results 
from the Christchurch Obesity Prevention Programme in Schools (CHOPPS). BMJ 
2007;335:762.

 34. Pozuelo- Carrascosa DP, Cavero- Redondo I, Herráiz- Adillo Á, Díez- Fernández 
A, Sánchez- López M, Martínez- Vizcaíno V. School- based exercise programs and 
cardiometabolic risk factors: a meta- analysis. Pediatrics 2018;142:e20181033. 
doi:10.1542/peds.2018- 1033

 35. Kelley GA, Kelley KS, Pate RR. Exercise and BMI in overweight and obese children 
and adolescents: a systematic review and trial sequential meta- analysis. Biomed Res Int 
2015;2015:1- 17.

 36. Cai L, Wu Y, Wilson RF, Segal JB, Kim MT, Wang Y. Effect of childhood obesity pre-
vention programs on blood pressure: a systematic review and meta- analysis. Circulation 
2014;129:1832- 1839.

 37. He FJ, Li J, MacGregor GA. Effect of longer- term modest salt reduction on blood pres-
sure. Cochrane Database Syst Rev 2013. doi:10.1002/14651 858.CD004 937.pub2

 38. Ivers NM, Halperin IJ, Barnsley J, et al. Allocation techniques for balance at baseline in 
cluster randomized trials: a methodological review. Trials 2012;13:120.

 39. Bolzern J, Mnyama N, Bosanquet K, Torgerson DJ. A review of cluster randomized 
trials found statistical evidence of selection bias. J Clin Epidemiol 2018;99:106- 112.

 40. Taljaard M, Teerenstra S, Ivers NM, Fergusson DA. Substantial risks associated with 
few clusters in cluster randomized and stepped wedge designs. Clin Trials 2016;13:  
459- 463.

 41. Foster GD, Linder B, Baranowski T, et al. A school- based intervention for diabetes risk 
reduction. N Engl J Med 2010;363:443- 453.

 42. Monteiro CA, Levy RB, Claro RM, Castro IR, Cannon G. A new classification of 
foods based on the extent and purpose of their processing. Cadernos de Saúde Pública 
2010;26:2039- 2049.


