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Abstract
Many school-based interventions for obesity prevention have been proposed with positive changes in behaviour, but with unsatisfactory results
on weight change. The objective was to verify the effectiveness of a combined school- and home-based obesity prevention programme on
excessive weight gain in adolescents. Teachers delivered the school-based primary prevention programme to fifth- and sixth-graders
(nine schools, forty-eight control classes, forty-nine intervention classes), which included encouraging healthy eating habits and physical activ-
ity. A subgroup of overweight or obese adolescents also received a home-based secondary prevention programme delivered by community
health professionals. Schools were randomised to intervention or control group. Intent-to-treat analysis used mixed models for repeated
continuous measures and considered the cluster effect. The main outcomes were changes in BMI and percentage body fat (%body fat) after
one school-year of intervention and follow-up. Against our hypothesis, BMI increased more in the intervention group than in the control group
(Δ= 0·3 kg/m2; P= 0·05) with a greater decrease in %body fat among boys (Δ= –0·6 %; P= 0·03) in the control group. The intervention group
increased physical activity by 12·5 min per week compared with the control group. Female adolescents in the intervention group ate healthier
items more frequently than in the control group. The subgroup that received both the school and home interventions had an increase in %body
fat than in the control group (Δ= 0·89 %; P= 0·01). In the present study, a behavioural change led to a small increase in physical activity and
healthy eating habits but also to an overall increase in food intake.
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The worldwide prevalence of obesity has risen dramatically
among children and adolescents, increasing from 4% in 1975 to
over 18% in 2016 among those aged 5–19 years(1). Brazil is a part
of this scenario with approximately 22% of adolescents classified
as being overweight or obese in the 2013–2014 National School
Survey(2). In line with this, Brazilian adolescents’ diet is character-
ised by a low intake of fruits and vegetables and a high intake of
sugar-sweetened beverages and sweets(3).

Obesity prevention programmes for children and adolescents
are considered an important strategy to reduce obesity(4); com-
monly, schools are the central focus of interventions. Interactive
classroom activities, including culinary classes, group discussion
and educational games about healthy eating habits, have been
extensively used in an attempt to improve eating behaviour;
however, evidence of school-based strategies to reduce the
prevalence of obesity is minimal(5).

A detailed review of school-based interventions for obesity
prevention suggests that more comprehensive interventions, with
longer follow-ups andwith parental participation,were onlymildly
effective in reducing BMI(6). The lack of school–home partnership
was considered the major explanation for the many unsuccessful
school-based interventions(7). In addition, ameta-analysis reported
that the exclusion of unbalanced studies at baseline resulted in an
effect of the intervention on BMI reduction(8). The imbalance in
BMI is a frequent methodological problem due to the cluster
design(9) and small sample size across groups at baseline.

Most of the school interventions have been effective in
changing behaviours associated with obesity(10), and the lack
of effect on BMI or other measures of body fat is possibly due
to the small sample size combined with BMI heterogeneity, that
is, students with obesity require more in-depth interventions at
the family level. Therefore, the purpose of the present study
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was to evaluate the effectiveness of a combined school- and
home-based obesity prevention programme, delivered by
teachers and community health professionals, respectively,
in a large sample of adolescents.

The Brazilian Family Health Strategy (FHS) programme has
had a great impact in treating acute infectious diseases and
undernutrition, but has not been used to address obesity at
the family level. Families are visited by community health agents
(CHA), whose activities are performed through household
visits(11) supervised by a general practitioner, a generalist nurse
and other health professionals.

Method

Population and study design

The present study was carried out in the Municipality of Duque
de Caxias, state of Rio de Janeiro, Brazil (890 997 estimated inhab-
itants in 2017), ametropolitan area in Rio de Janeiro. It is oneof the
poorest municipalities in the state of Rio de Janeiro(12) with most
students at public schools having a low socioeconomic status.
All students from fifth- and sixth-grade classes in the selected
schools were eligible to participate, except disabled and pregnant
adolescents.

The present study was labelled ‘PAAPPAS’ in Portuguese,
which translates to ‘Parents, students, community health agents
and teachers for healthy eating’. The intervention aimed to
improve diet quality, enhance regular physical activity and
reduce sedentary behaviours by combining primary prevention
of obesity at schools and secondary prevention of obesity at
home among adolescents with obesity. The outcomes were
change in BMI and change in percentage body fat (%body fat).

PAAPPAS is a pragmatic trial where all intervention activities
are implemented by the agents: teachers at school, and CHA
from the FHS at the households(13). The FHS is currently themain
type of primary health care offered in Brazil. Each FHS nucleus
covers a geographical area of reference encompassing a popu-
lation of up to 4000 inhabitants(14).

In Duque de Caxias, twenty-seven out of the forty-twomunici-
pal public schools were in areas with FHS coverage. These
schools were firstly stratified by size as small, medium and large,
based on the number of fifth- and sixth-grade classes. Six schools
in each stratum were randomly selected, resulting in eighteen
schools to reach the calculated sample size, which were allocated
randomly to the control or intervention group (nine schools in
each group). Randomisationwas conducted by research assistants
unrelated to the present study using opaque envelopes.

The sample size calculation of 2500 students was based on a
change of 1·1 BMI units in the experimental group compared
with the control group for the secondary intervention based
on a previous study(15), with a standard deviation (SD) of
3·0 kg/m2, 80 % power and a 5 % significance level. School
classes from each one of the shifts (morning, afternoon and late
afternoon) were the cluster unit with an intracluster correlation
of 0·02(16).

The trial was registered at ClinicalTrials.gov (NCT02711488).

Interventions

Six interventions of 50 min were planned to encourage
students to adopt heathy eating and focus on physical activity.
The content of the interventions was previously discussed with
teachers of the eligible schools and adjusted according to the
school programme.

Details of the study design and interventions were previously
published(16). In short, interventions at schools were based on
educational games, group debates and culinary classes with focus
on: (1) reducing the intake of cookies and sugar-sweetened
beverages; (2) assembling colourful and tasty salads using vege-
tables and fruits through culinary classes; (3) encouraging water
consumption; (4) increasing physical activity and reducing seden-
tary behaviour; (5) serving a healthy meal; and (6) reducing the
dependence on processed food.

Teachers from the intervention schools were trained to
deliver the activities, and every month, from March to June
and from August to September, they received material for a
session of in-class activities. A culinary class was the first inter-
vention, which was delivered by research assistants.

Intervention adhesion was verified by changes in food con-
sumption and in physical activity level. To measure adherence,
teachers were asked to report the activities they had conducted
and the student’s acceptance of each activity.

CHA led activities that stimulated lifestyle changes at the fam-
ily level. The goals were the same as those of the school inter-
vention with emphasis on reducing soda and sugar-sweetened
beverages, cookies, sweets and processed food, and increasing
fresh food intake. Seventy CHA belonging to the area of the
intervention schools were trained 2 months before starting the
school intervention. Two meetings, making a total of 16 h of
training, were conducted for groups of a maximum of 20 CHA.
Two instructors in each group helped the trainees through active
learning strategies to develop a booklet used as a guide for
household visits. The content and strategies to promote change
in family diet and physical activity were elaborated after discus-
sions and reflections of the eating habits of CHA, their relatives
and the observed habits of the community. The booklet is
available at http://www.nebin.com.br/downloads/cartilha.pdf.
Families were also informed on places available in the neigh-
bourhood to increase physical activity as well as on strategies
to reduce sedentary habits. Five interventions of approximately
20 min per month occurred from April to October.

Data collection

Baseline data were collected at schools from February to March
and from November to December 2016 for postintervention
data. Trained field researchers supervised a self-reported struc-
tured questionnaire using a personal digital assistant and mea-
sured weight and height using standardised procedures(17).
Height was measured using a portable stadiometer (AlturaExata),
and weight and %body fat were estimated using a tetrapolar
bioelectrical impedance scale (Tanita BC-558). Weight status
based on BMI was classified according to the WHO criteria(18).
Obesity and being overweight were defined, respectively,
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as overweight: > þ1 SD (equivalent to BMI 25 kg/m2 at 19 years);
obesity: > þ2 SD (equivalent to BMI 30 kg/m2 at 19 years).

Dietary consumption

Food consumption was assessed with a short qualitative FFQ
with twenty-three items, based on an FFQ validated for adoles-
cents of Rio de Janeiro(19) with seven categories of consumption:
(1) less than once per month or never, (2) 1–3 times per month,
(3) once per week, (4) 2–4 times per week, (5) 5–6 times per
week, (6) once per d and (7) ≥2 times per d. The observed food
frequencies were transformed into daily frequencies, and to
estimate intake in grams, standard serving sizes used in the origi-
nal validated FFQ(19) were included into the database. A score to
evaluate changes in food intake relating to the intervention was
estimated by averaging the differences in food consumption
frequency as follows: (milk þ beans þ water þ fruits þ
vegetables) – (cookies þ sodas þ processed meat þ sugar-
sweetened fruit-based drinks). Milk and beans were considered
markers of home-made or school lunchmeals. Therefore, amore
positive score indicates healthier items compared with less
healthy items.

In a random subsample of 30 % of participants, one 24-h food
recall (24HR) was collected at baseline and one at the end of the
study. A Brazilian dietary database of a nationwide survey
carried out with adolescents was used for data entrance(20).
Out of 983, sixteen 24HR records were excluded because these
presented implausible values of energy consumption (<500
or >5000).

Physical activity practised during the 7 d prior to the study
was evaluated based on time (min) to commute to school and
exercising at school, and out of school using a validated ques-
tionnaire of the Brazilian National School-Based Health Survey
(PeNSE)(21).

Ethical and data protection

The study design and intervention strategies were discussed and
approved by the health and education municipal authorities. The
trial protocol has been previously reported(16) in accordance with
the Consolidated Standards of Reporting Trials Statement(22). The
study protocol was approved by the Ethical Committee of the
Social Medicine Institute (State University of Rio de Janeiro,
Brazil). Only students with a written consent signed by their
parents were measured, but all participated in class interventions.
The protocol registration was CAAE 10471313.2.0000.5260.
Further details on recruitment, sample size estimation, data collec-
tion, PAAPPAS interventions at school and statistical analysis are
found in Sgambato et al.(16).

Statistical analysis

Changes of BMI and %body fat were analysed with mixed
models for repeated continuous measures through the PROC
MIXED procedure in Statistical Analysis System, version 9.3
(SAS Institute Inc.). The model used all information available
(intention-to-treat analysis) and considered the cluster effect of
classes(23). Main analyses were stratified by sex. Variation in
the daily frequency of food consumption and physical activity

was also analysed as continuous variables using the PROC
MIXED procedure. Random intercept and slopes were tested
for the adequacy of the model. Data of specific food groups

Control group
(nine schools, forty-eight classes)

(n 1337)

Intervention group
(nine schools, forty-nine classes)

(n 1406)

Disabled
participants
excluded (n 6) 

Baseline

Participated (n 1157)

Follow-up 

Did not participate (n 126)

Reasons:

Absent (n 28)

Refusal (n 6)

Left the school (n 91)

Pregnant (n 1)

Baseline

Participated (n 1290)

Participated n 1112 (96·1 %)

Did not participate (n 45)

Reasons:

Absent (n 8)

Refusal (n 9)

Left the school (n 28)

Absent = 54

Refusal = 8

Absent = 37

Refusal = 4

Not measured = 75

Participants eligible
(n 2743) 

Eighteen schools selected to
participate (n 2749) 

Not measured = 118

Follow-up 

Participated n 1164 (90·2 %)

Fig. 1. Progress of individuals during study phases.

Table 1. Age, body weight, height, BMI, percentage body fat (%body fat),
percentage of overweight and obesity and race in the control and
intervention groups at baseline
(Mean values and standard deviations; percentages)

Variable

Control group
(n 1157)

Intervention group
(n 1290)

Mean SD Mean SD

Age (years) 11·5 1·46 11·5 1·43
Body weight (kg) 43·9 12·48 44·1 12·46
Stature (m) 1·50 0·10 1·50 0·10
BMI (kg/m2) 19·1 4·04 19·2 4·03
% Body fat 22·9 7·20 23·0 7·02
Sex (%)

Male 52·1 51·9
Female 47·9 48·1

Nutritional status (%)
Overweight 18·1 18·6
Obesity 12·9 13·8

Race (%)
White 27·6 23·1
Black 23·5 24·4
Mixed race 48·9 52·5
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associated with the intervention measured by one 24HR at base-
line and one at follow-up had high percentages of zero intake.
These analyses for all groups except for beans (<10 % for lack of
consumption) in a given day were made using marginal gener-
alised linear models (PROC GENMOD procedure) with gamma
distribution. Variation was treated as mean change in grams.

Beyond the main intention-to-treat analysis, subgroup analy-
ses by adherence per protocol were also conducted for those
students participating in more than three school activities. Also,
overweight and obese students who received the secondary inter-
vention at home were compared with the control group.

Ethical approval and consent to participate

The study was approved by the Ethics Committee of the Institute
of Social Medicine (Comitê de ética do Instituto de Medicina
Social – CAAE: 10471313.2.0000.5260). Written informed con-
sent was obtained from a parent of every participant.

Consent for publication

The manuscript does not contain any personal data in any form
(including details, images and videos of individuals).

Availability of data and material

Datasets generated by the present study are not publicly
available, but can be sourced from the corresponding author
on reasonable request.

Results

Intervention and control groups were well balanced in total
numbers (1406 v. 1337) with small losses to follow-up, which
were slightly higher in the intervention group (9·8 v. 3·9 %;
Fig. 1). Means of weight, BMI and %body fat, and prevalence
of obesity were balanced at baseline (Table 1). BMI changed
in the two groups with a slightly greater increase in the interven-
tion (0·3 kg/m2) compared with the control group (0·2 kg/m2;
P= 0·05). Although both groups showed small yet significant
reductions in%body fat, the decreasewas less in the intervention
group compared with the control group. This difference in
% body fat in the intervention group was significant in boys only
(Table 2).

In the intervention group, 41·7 % students received four or
more interventions and 21 % received all six interventions.
About 20 % of students (n 85) with obesity received two or more
visits at home by the CHA. Subgroup analyses indicated that
those who participated in the home-based intervention and
those who participated in the group with high adherence had
results that were quite similar to the overall results, with a higher
increase in %body fat. Change in %body fat was clinically rel-
evant in the secondary intervention group compared with the
control group (Δ= 0·89 %; P= 0·01) (Table 3).

Estimated changes in the daily frequency of intake of food

groups were small. There were no significant changes in daily
food frequencies of each food group, between the intervention

and control groups, nor any significant results when restricted to

Table 2. Estimated mean* BMI and percentage body fat (%body fat) and difference (Δ) by group from baseline to
the end of school year (follow-up)
(Mean values and differences)

Variable

Control group Intervention group

P†

Baseline
(n 1157)

Follow-up
(n 1112)

Baseline
(n 1290)

Follow-up
(n 1164)

Mean Mean Δ Mean Mean Δ

BMI (kg/m2) 19·2 19·4 0·2 19·4 19·7 0·3 0·05
%Body fat 23·0 22·6 –0·4 23·1 23·0 –0·1 0·01
Males

BMI (kg/m2) 19·0 19·2 0·2 19·1 19·3 0·2 0·32
%Body fat 20·0 19·4 –0·6 20·1 19·7 –0·4 0·03

Females
BMI (kg/m2) 19·5 19·8 0·3 19·7 20·1 0·4 0·11
%Body fat 26·2 26·3 0·1 26·3 26·6 0·3 0·13

* Estimated based on PROC MIXED in SAS, adjusted for age.
† Interaction group × time, measuring change over time to compare groups.

Table 3. Sample size (n), crude means at baseline and estimated* 1 school-year change (Δ) in BMI and percentage body fat (%body fat) in the intervention
compared with the control group
(Mean values and standard deviations)

Variable

Control Intervention adherence† Intervention secondary‡

n Mean SD n Mean SD Δ SD P n Mean SD Δ SD P

BMI (kg/m2) 1157 19·1 4·04 538 19·1 3·97 0·12 0·07 0·09 85 23·7 3·33 0·12 0·15 0·41
%Body fat 1167 22·9 7·20 542 22·8 7·22 0·38 0·17 0·02 85 29·0 6·69 0·89 0·36 0·01

* Estimated based on PROC MIXED in SAS, adjusted for age and sex.
† Adherence= subgroup with more than three interventions.
‡ Secondary= subgroup with school and household interventions.
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the adherence subgroup. Physical activity significantly increased
(Δ= 12·50 min per week; P= 0·01) in the intervention group
compared with the control group (Table 4). Yet, summing up
the daily intake of the nine food groups showed a significant dif-
ference in the score of girls in the intervention group, compared
with the control group. A more positive score means healthier
changes (Table 5).

The analyses of 24HR based on a 30 % subsample of students
indicated a significant decrease in fruit juice intake in the inter-
vention group compared with the control group (Δ= –0·42;
SD 0·18). The total energy intake at baseline was 2094 (SD 780)
kcal (8761 (SD 3264) kJ) for the control group and 2331
(SD 845) kcal (9753 (SD 3535) kJ) for the intervention group;
and at follow-up, these values were 2322 (SD 888) kcal (9715
(SD 3715) kJ) and2293 (SD 858) kcal (9594 (SD 3590) kJ), respectively,
with no difference between the groups.

Discussion

This pragmatic school trial combining teacher-delivered primary
prevention of obesity at school and secondary prevention at
household led by CHA showed a small, statistically significant
increase in physical activity and a small change in the overall
intake of healthy food without the expected impact in BMI or
%body fat. These findings are consistent with other studies con-
ducted in adolescents suggesting no positive effect of behaviour
intervention on BMI change(24–26).

The design of the study – closer to a pragmatic trial design(13),
with large sample size, balanced baseline BMI values, the latter
usually a major problem with cluster design – was expected to
define the role of a comprehensive behavioural intervention
on the prevention of excessive weight gain. By incorporating
actions at the household level and including over 2000

Table 4. Daily frequency of intake and duration of physical activity per week and estimated variation (Δ)† during 1 school-year according to
intervention and adherence to protocol
(Mean values, and variations and standard deviations)

Food item

Control Intervention all
Intervention
adherence‡

Mean Mean Mean

Baseline
(n 1203)

Follow-up
(n 1109)

Baseline
(n 1322)

Follow-up
(n 1161) Δ SD

Baseline
(n 552)

Follow-up
(n 485) Δ SD

Milk (a glass; 200ml) 0·48 0·50 0·47 0·51 –0·009 0·53 0·45 0·56 0·021 0·02
Beans (a ladle; 100 g) 0·92 0·98 0·91 0·98 –0·025 0·02 0·91 0·96 –0·003 0·02
Water (a glass; 200ml) 3·39 3·36 3·45 3·27 –0·018 0·02 3·42 3·22 –0·025 0·03
Fruits (one unit; 100 g) 0·84 0·87 0·82 0·84 0·016 0·02 0·80 0·84 0·033 0·02
Vegetables (three
tablespoons; 75 g)

0·49 0·51 0·49 0·51 0·006 0·01 0·48 0·51 0·000 0·02

Cookies (½ package; 85 g) 0·59 0·59 0·57 0·62 0·007 0·01 0·57 0·60 –0·013 0·02
Sodas (a glass; 200ml) 0·70 0·67 0·68 0·69 –0·025 0·02 0·65 0·66 –0·036 0·02
Processed meat
(a slice; 15 g)

0·64 0·63 0·62 0·66 –0·011 0·01 0·61 0·64 –0·013 0·02

Fruit-based drinks
(a glass; 200 ml)

0·84 0·78 0·80 0·82 0·023 0·02 0·78 0·81 0·042** 0·02

Physical activity
(min per week)

258 266 232 284 12·50* 6·17 254 286 20·14* 8·04

* P<0·05; ** P= 0·05.
† Estimated based on PROC MIXED in SAS, adjusted for age and sex.
‡ Adherence = subgroup with more than three interventions.

Table 5. Change in daily frequency of intake according to intervention and sex
(Mean values and standard deviations)

Item

Males Females

Control (n 528) Intervention (n 566) Control (n 475) Intervention (n 524)

Mean SD Mean SD Mean SD Mean SD

Milk (a glass) 0·10 2·63 0·00 2·82 –0·15 2·86 0·01 2·85
Beans (a ladle) 0·12 2·83 0·07 2·74 0·06 2·68 0·29 2·95
Water (a glass) –0·04 1·19 –0·14 1·11 –0·10 0·87 –0·13 1·05
Fruits (one unit) 0·14 2·52 0·06 2·72 –0·10 2·71 0·14 2·75
Vegetables 0·03 2·55 0·02 2·70 0·02 2·76 0·16 2·75
Cookies (½ package) 0·05 2·68 0·23 2·62 0·00 2·79 0·15 2·78
Sodas (a glass) –0·14 2·64 –0·03 2·70 –0·04 2·67 –0·00 2·78
Processed meat (a slice) –0·02 2·76 0·26 2·79 –0·08 2·56 0·01 2·83
Fruit-based drinks (a glass) –0·04 2·78 0·10 2·69 –0·26 2·79 –0·02 2·98
Score change* 0·51 6·64 –0·55 7·08 0·11 7·19 0·29 7·89
Pscore change 0·13 0·04

* Score= (sum of healthy items) – (sum of unhealthy items).
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participants, major pitfalls were overcome in the present study;
in spite of this, no effect was observed in the markers of obesity,
with%body fat being greater in the intervention group compared
with the control group by study end. These results were quite
similar to a small explanatory study without family participation,
with interventions delivered by research assistants carried out in
the same city of the present study(27), where the participation of
students in the intervention was about 100 %. In this explanatory
trial using the same class approach, a decrease in the consump-
tion of sugar, sugar-sweetened beverages and processed snacks
was found, also without a positive change in BMI(27). In the
present study, adherence was much lower, and only 41·7 % par-
ticipated in more than three class interventions. Also, changes in
eachmarker of food intake relating to the interventionweremin-
imal, but change in healthy food intake was positive as well as
change in physical activity. A sub-analysis of those students with
greater adherence and of those with secondary intervention
revealed the same association of the overall analysis, indicating
that adherence to the intervention did not bias the results.

Behavioural interventions relating to food intake in the
present study and in many of the school trials are mainly related
to the quality of foods, such as increased intake of fruits and sal-
ads and reduction of ultra-processed foods(28). These interven-
tions focused only on improvement of the quality of food in
the environment (school and at home). There were no interven-
tions focused, for example, on decreasing the amount of food.
Indeed, a review of the impact of fruit and vegetable intake
on adiposity among children could not find a protection
effect(29). The intake of fruits and vegetables in isolation does
not appear to shift the intake of high-energy foods as shown
in an analysis of household food diversity, with no replacement
of unhealthy food groups by healthy foods(30).

In the present study, the intervention worsened the problem
of body fat, instead of improving it. This hypothesis is not out of
possibility, since a study carried out with Brazilian adolescents
with the purpose of evaluating the effectiveness of a brief inter-
vention and preventive guidance on the use of alcohol andmari-
juana found that a single intervention session increased alcohol
experimentation(31). In our case, we offered the students new
possibilities of combining vegetables and fruits and exhorted
them to increase fruit intake, which could possibly explain the
changes in behaviour and fatness indicators. Fruit juice intake
was not stimulated, but as observed in a trial designed to reduce
sodas, fruit juices with a high sugar content replaced sodas(15).
Thus, the inclusion of healthy foods in the diet of adolescents
does not appear to reduce the intake of other less healthy
products. However, longer-lasting behaviour interventions
might be beneficial, even if they do not affect weight trajectories
in 1 year.

It cannot be excluded that reported behaviour changes
observed in dietary interventions are related to the social
desirability bias. Sex is known to influence social desirability(32);
however, reported changes were expected to be more signifi-
cant among girls in this case.

With approximately 32 % of adolescents who were over-
weight or obese in the present study, and an even higher preva-
lence being observed in the private schools in Brazil(33), a
reduction in total energy intake is a needed message but

challenging to accomplish. Guidelines for children and adoles-
cents recommend caution on reduction in food intake since
restrictive behaviours are related to eating disorders(34). New
policies relating to portion size strategies may be an option.
Changes in food supply may address important environment
clues that may impact long-term behaviour change(35).

Possible limitations of the study were: (1) low adherence to
the protocol, which does not seem to explain the increase in
adiposity; (2) only about 20 % of the overweight students were
visited for secondary intervention by the CHA because some
residences were hard to be reached and some families were
not registered in the FHS. However, results observed in this
subsample are not only in the same direction of the overall
results, but also statistically significant. (3) Power of the study,
even with >2000 participants, was inadequate since classes,
instead of schools, were assumed as the cluster. This limitation
would bias the results towards the null hypothesis, but the main
result was a small but significant increase in adiposity measured
by %body fat.

One strength of the intervention is the chosen age group
because puberty was expected to facilitate a reduction in weight
gain due to adolescence spurt. Also, changes in weight gain
around the time of puberty have an important impact on a reduc-
tion of the risk of adulthood diabetes(36). The low participation
rate of teachers and CHA even after extensive training is to be
noted, indicating the difficulty to incorporate obesity prevention
action as a routine.

The lack of effectiveness relating to the prevention of obesity
in most behaviour studies is due to the complexity of food con-
sumption behaviour. There are important factors that influence
adolescents’ eating habits(37), such as family environment (which
we tried to include), friends and the media. In the present study,
the intervention strategy based on physical activity was success-
ful although with no impact on the reduction of weight gain, and
change was small as expected. Strategies of portion size reduc-
tion may be an option to be tested in further studies.

In conclusion, this large trial including physical activity and
eating behaviour intervention with the participation of CHA,
family, and teachers did not indicate a reduction in obesity, also
suggesting a possibility of an opposite result.
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