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Abstract

Background: Cardiovascular disease (CVD) is the leading cause of death worldwide. Physical activity (PA) and appropriate 
diet, if adopted in childhood and adolescence, may reduce the CVD burden in later life. The Olympic Experimental 
Gymnasium (OEG) project was implemented to increase the PA levels of students by means of regular physical exercise 
and healthy eating habits.
Objectives: To estimate and compare the prevalence of CVD risk factors in OEG schools versus regular schools (RSch) 
and to examine associations between the school environment and CVD risk factors.
Methods: In this cross-sectional study with a comparator group, adolescents aged 12-13 years attending three OEG schools 
(n = 719) and three RSch (n = 394) were evaluated after one year of the ongoing program to estimate the prevalence of 
overweight, pre-hypertension/hypertension, altered glycemia, and lipid profile. An α level of 0.05 was set for statistical analysis.
Results: RSch students had higher odds to have high blood pressure (OR 1.86, 1.36–2.54) and to be overweight (OR 1.49, 
1.13–1.98) than OEG students. Glucose levels were not altered in most cases regardless of school type, and no differences 
were found in lipid profile. In the sensitivity analysis stratified by gender, girls from RSch were more likely to have high 
body mass index than boys.
Conclusions: Exposure of adolescents to the OEG policies was positively associated with an important reduction in CVD 
risk factors, including high blood pressure and overweight. (Arq Bras Cardiol. 2019; 112(6):775-781)
Keywords: Cardiovascular Diseases/mortality; Hypertension; Overweight; Dyslipidemias; Exercise; Life Style; Child; 
Adolescent; Diet.

Introduction
The attributable fraction of deaths due to physical inactivity 

can reach values around five million persons in the world.1 
Among adolescents, the prevalence of a sedentary lifestyle is 
also high. The Study of Cardiovascular Risks in Adolescents 
(ERICA) found a frequency of 54% of physical inactivity, 
which was more prevalent in girls.2 The same study, when 
considering approximately 37,000 subjects, found that higher 
physical activity (PA) levels were independently associated with 
cardiovascular risk and with sedentary time. Interestingly, PA 
levels do not appear to change the association between body 
mass index (BMI) and cardiovascular risk.3

Lifestyle patterns related to eating habits and PA practices 
established in the school environment can have potential 
consequences in adulthood. There is evidence that 
atherosclerosis begins in early life, progressing slowly into 
elderliness.4 Scherr et al.5 stated that it is important to consider 
the presence of cardiovascular risk factors in school children 
and that they may be related to lifestyle behaviors.

Given that young people spend most of their time in school, 
the role of school programs cannot be underestimated.6 In this 
respect, the most common ways to increase PA through the 
school system have been based on engagement in physical 
education classes and extracurricular physical activities. 
However, those are often underused.7

School-based interventions to increase PA seem to be 
feasible as a strategy to reduce risk factors. Knox et al.8 
reported a decrease in cardiovascular risk factors among 
115 participants aged 12 years-old after an 18-week 
intervention in a secondary school. Similarly, the ACORDA 
project found a reduction of obesity in adolescents after 
increasing PA levels with and without dietary advice after an 
8-month interdisciplinary approach.9
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In 2012, Rio de Janeiro’s city government initiated a 
project integrating academic and sports training: the Olympic 
Experimental Gymnasium (OEG).10 Emphasis was given to 
sports practice (two hours a day, five times a week), and five 
healthy meals were provided to students every day. Conversely, 
in regular schools (RSch), PA practice is limited (once a week) 
and students have only one meal per day.

In this context, we aimed to examine potential associations 
between the school environment in OEG schools versus RSch 
and important cardiovascular disease (CVD) risk factors in 
adolescents. We hypothesized that the adolescents attending 
RSch would be more likely to have risk factors than those 
attending OEG schools.

Methods
This article was written according to the standards of 

the Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) Statement for cross-sectional studies.11

Study design
A cross-sectional study with a comparator group was 

conducted at six public schools in Rio de Janeiro: three OEG 
schools and three RSch. Data collection was carried out in 
the schools from 2013 to 2015. Data were always collected 
in the mornings, on the same day of the week by the same 
trained investigator. To draw association inferences, we 
considered the school type (ER or OEG) as the exposure, 
and important CVD risk factors as the outcome, treated as 
categorical variables. A total of 1,113 students were included 
in a 2:1 allocation ratio to exposure (719 attending OEG 
schools) and non-exposure (394 attending RSch).

Eligibility criteria and participant selection
Eligible participants were all regularly enrolled sixth- to 

ninth-grade students attending the same school for at 
least one year. Students attending OEG schools needed to 
comply with the OEG policy of engaging in PA with energy 
expenditure > 5 metabolic equivalents (METs) five times a 
week. Attendance at PA sessions was self-reported by the 
students or their parents.

When selecting participants for the comparator group, 
efforts were made to match the students as closely as possible 
to avoid potential confounding factors. Thus, a match for 
chronological age, sex, and grade was made. In RSch, students 
spent about one hour weekly in PA.

At the time of data collection, four OEG schools were operating 
in Rio de Janeiro, but only three of them had been operating 
for at least one year. Therefore, all of the OEG schools were 
enrolled with no a priori sample size planning. RSch, selected 
by convenience sampling, were located in the same geographic 
region of the OEG schools, to avoid discrepancies especially due 
to socioeconomic status. Both OEG and RSch were public schools, 
attended by students from all regions of the city.

Data collection
Written informed consent was obtained from all students 

and their parents/guardians prior to inclusion in the study. 
The first school visit was then scheduled, and we performed 

the following procedures: capillary blood collection, medical 
interview, physical examination and blood pressure (BP) 
measurement. All data were collected following a circuit 
format, in which students passed by each station where the 
measurements were performed.

A trained medical staff interviewed the students and 
their parents/guardians using a structured questionnaire 
designed specifically for this study, in which data of sex and 
age, in addition to past medical history and current relevant 
health information were obtained. The medical staff also 
evaluated adolescents, including anthropometric assessment, 
measurement of BP and blood sample collection.

Capillary blood samples were collected after a 12-hour 
overnight fasting to determine glucose levels, total 
cholesterol, and triglycerides (Roche AccuTrend Plus Kits®). 
Altered glucose, total cholesterol and triglycerides levels were 
considered as results greater than 99 mg/dL, 170 mg/dL and 
130 mg/dL, respectively. Height and weight were measured 
using a Filizola® scale, with maximum capacity of 150 kg, 
and a coupled vertical stadiometer of 220 cm. Based on BMI 
values, individuals were classified as eutrophic, overweight or 
obese, according to the percentiles of height and age for each 
individual subject. Office BP was measured three times in 
sitting position, using a calibrated aneroid sphygmomanometer 
in millimeters of mercury. Students with systolic and diastolic 
BP above the 95th percentile for their respective gender, age 
and height were considered hypertensive, while students with 
systolic and diastolic BP values between their 90th and 95th 
percentiles were classified as pre-hypertensive. All participants 
included in the analysis had participated in the PA program 
for at least one year. This was planned to minimize the risk of 
reverse causality. Reference values were based on the Brazilian 
Pediatric Society standards.12

Statistical analyses
A descriptive analysis was conducted, and data were 

expressed as mean and standard deviation for baseline 
characteristics and continuous variables, and as absolute 
frequencies and percentages for categorical variables. In the 
inferential analysis, the Shapiro-Wilk test was used to assess 
the normality of data distribution. Groups were then compared 
by an independent sample two-tailed Student’s t test for 
continuous variables, and by the χ2 test for categorical variables.

Association of school exposure with health status 
outcomes was assessed by a binomial logistic regression, 
and its diagnostic was performed to support the analysis. 
The health status outcomes regarding altered triglycerides, 
cholesterol, overweight/obesity (regarded as one variable), 
and pre-hypertension/hypertension were dichotomized into 
‘YES’ and ‘NO’ according to the thresholds recommended 
by the Brazilian Pediatric Society.12 Point estimates for the 
associations were expressed as odds ratio (OR) with their 
95% confidence intervals (95% CI), and all analyses were 
adjusted for sex and age. An exploratory sensitivity analysis 
was planned in cases of disagreement between matching 
variables. ‘OEG School’ was chosen as the reference group 
for all analyses. No imputation for potential missing data was 
planned, and all available data for each analysis were used. 
All statistical analyses were conducted in the StataSE package 
v. 14.0. An α level of 0.05 was set for statistical inferences.
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Table 1 – Comparison of demographic characteristics, anthropometric data and cardiovascular risk factors between students from regular 
schools (RSch) and Olympic Experimental Gymnasiums (OEG)

Variable OEG RSch p value

Age (years) 12.6 ± 1.2 (n = 719) 13.3 ± 1.5 (n = 394)

BMI (kg/m2) 20.5 ± 4.3(n = 716) 21.4 ± 4.4 (n = 394) 0.001

Overweight 191/716 (26.7%) 133/394 (33.8%) 0.01

Altered glycemia 1/700 (0.1%) 0/393 (0.0%) NA

Altered total cholesterol 270/714 (37.8%) 152/393 (38.7%) 0.78

Altered triglycerides 403/624 (64.6%) 253/387 (65.4%) 0.80

Pre-hypertension/hypertension 116/712 (16.3%) 112/393 (28.5%) < 0.001

Data are reported as mean ± standard deviation or absolute number (percentage). BMI: body mass index; NA: not applicable; p-value obtained by chi-square test 
or Student’s t test.

Results
A total of 1,113 students were screened, included, and 

evaluated. Of these, 719 were attending OEG schools and 
394 were attending RSch. Table 1 shows comparative data 
between OEG and RSch students as well as the number of 
students analyzed for each category.

RSch students had a higher BMI than OEG students 
(21.4 ± 4.4 vs 20.5 ± 4.3 kg/m2, p < 0.001), and overweight 
was also more prevalent in RSch students (33.8% vs 26.7%, 
p = 0.001). The prevalence of high BP was higher in RSch 
students than in OEG students (28.5% vs 16.3%, p = 0.013). 
RSch and OEG schools did not differ in the frequency of 
altered glycemia, total cholesterol or triglycerides.

Despite our efforts to match the groups for sex, the χ2 
test indicated differences between groups, with a higher 
proportion of girls in RSch than in OEG schools (64.0% vs 
49.4%, p < 0.001). Due to this difference, we performed 
a sensitivity analysis stratified by sex and the results are 
shown in Table 2.

The difference observed in BMI between RSch and OEG 
students was limited to girls (21.9 ± 4.5 vs 20.6 ± 4.3 kg/m2,  
p = 0.001), with no difference when only boys were compared 
(20.6 ± 3.9 vs 20.3 ± 4.2 kg/m2, p = 0.564). There was a 
difference in the prevalence of overweight between RSch and 
OEG girls (35.7% vs 24.3%, p = 0.002), but not among boys 
(30.3% vs 29.0%, p = 0.777). There was no difference in any 
other parameter assessed.

To provide estimates based on associations, a binary logistic 
regression model was used for each health marker, adjusted 
for age and sex, and the results are shown in Table 3.

After adjusting for sex and age, RSch students were 
more likely to be overweight (OR 1.49, 1.13–1.98) and 
to have pre-hypertension and hypertension (OR 1.86, 
1.36–2.34), while no differences were observed for altered 
total cholesterol or triglycerides.

After stratifying by sex, due to the previously found gender 
differences between schools, the girls attending RSch had 
higher odds to be overweight (OR 1.89, 1.30–2.75) and 
pre-hypertensive/hypertensive (OR 1.66, 1.10–2.51), with 
no association with altered total cholesterol and triglycerides.  

For boys, only the association between attending RSch 
and being pre-hypertensive/hypertensive was found to be 
significant (OR 2.20, 1.37–3.54).

Discussion
In this cohort study, we confirmed our primary hypothesis 

that students attending OEG schools had lower cardiovascular 
risk prevalence than students attending RSch. Our results are 
important because they highlight the association between a 
healthy school policy and reduction of CVD risk factors in 
adolescent students.

A proportion-difference test showed that overweight 
and pre-hypertension/hypertension were less frequent in 
OEG schools. The prevalence of overweight students in 
OEG schools was approximately 11% lower. The difference 
was even lower for pre-hypertension/hypertension 
(approximately 13%). Glucose levels were not altered in most 
cases. Although no differences were found between schools, 
the lipid profile was altered in almost half of the students.

The 2016 ERICA study, the largest cross-sectional study 
involving all regions of Brazil to assess the frequency of 
cardiovascular risk factors in students, also evaluated 
individuals of the same age as ours (12-14 years old) and of 
the same geographic region (southeast).13,14 It should be noted 
that the ERICA study found a lower rate of pre-hypertension/
hypertension (6.5%, 5.5–7.8%) and a lower overall prevalence 
of overweight (18.4%, 15.5–21.6%) in the subgroup of 
individuals of the same age range and residents of the same 
geographic region than those observed in our study. Conversely, 
Cureau et al.14 reported a prevalence of 31.3% for high BP 
and 23.9% for overweight in a similar group. Several reasons 
may account for these differences, mostly regarding the criteria 
used to define pre-hypertension/hypertension and overweight, 
in addition to the use of different methodology, including 
the measurements obtained by aneroid and oscillometric 
devices.15 As for the differences between OEG schools and 
RSch, Cureau et al.14 provide useful findings to explain them, 
since the prevalence of physical inactivity in their cohort was 
estimated around 51%.

Considering the attributable risk fraction of physical 
inactivity to develop hypertension and obesity,16-18 it seems 
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Table 2 – Comparison of demographic characteristics, anthropometric data and cardiovascular risk factors between students from RSch and 
OEG schools, stratified by sex

Variable
Girls Boys

OEG RSch p value OEG RSch p value

Students 354 (49.4%) 252 (64.0%) < 0.001 362 (50.6%) 142 (36.0%) < 0.001

Age (years) 12.6 ± 1.2 (n = 354) 13.4 ± 1.4 (n = 252) < 0.001 12.6 ± 1.1 (n = 362) 13.2 ± 1.6 (n = 142) < 0.001

BMI (kg/m2) 20.6 ± 4.3 (n = 354) 21.9 ± 4.5 (n = 252) 0.001 20.3 ± 4.2 (n = 362) 20.6 ± 3.9 (n = 142) 0.56

Overweight 86/354 (24.3%) 90/252 (35.7%) 0.002 105/362 (29.0%) 43/142 (30.3%) 0.78

Altered glycemia 1/348 (0.3%) 0/252 (0.0%) NA 0/352 (0.0%) 0/141 (0.0%) NA

Altered total cholesterol 146/355 (41.1%) 107/252 (42.5%) 0.74 124/359 (34.5%) 45/141 (31.9%) 0.56

Altered triglycerides 226/321 (70.4%) 162/247 (65.6%) 0.22 177/303 (58.4%) 91/140 (65.0%) 0.19

Pre-hypertension/ hypertension 61/352 (17.3%) 67/251 (26.7%) 0.006 55/360 (15.3%) 45/142 (31.7%) < 0.001

Data are reported as mean ± standard deviation or absolute number (percentage). OEG: Olympic Experimental Gymnasium project; RSch: regular schools; BMI: body 
mass index; NA: not applicable; p-value obtained by chi-square test or Student’s t test.

Table 3 – Binary logistic regression models using cardiovascular risk factors as independent variables, adjusted for age and sex

Overweight Pre/Hyp Altered TC Altered TGL

Overalla,b (n = 1010) (n = 1105) (n = 1104) (n = 1010)

RSch 1.49 [1.13 – 1.98]§ 1.86 [1.36 – 2.54]§ 1.01 [0.77 – 1.31] 0.88 [0.66 – 1.16]

Girlsa (n = 606) (n = 603) (n = 606) (n = 567)

RSch 1.89 [1.30 – 2.75]§ 1.66 [1.10 – 2.51]§ 1.03 [0.73 – 1.45] 0.69 [0.48 – 1.01]

Boysa (n = 404) (n = 502) (n = 498) (n = 443)

RSch 1.09 [0.71 – 1.69] 2.20 [1.37 – 3.54]§ 0.95 [0.62 – 1.46] 1.19 [0.78 – 1.82]

Data are reported as odds ratio and 95% confidence interval: OR [95%: lower – upper limit]. Pre/Hyp: pre-hypertensive/hypertensive; TC: total cholesterol; 
TGL: triglycerides; RSch: regular schools. aadjusted for age, badjusted for sex, § = p < 0.05.

reasonable to hypothesize that the differences in health status 
between OEG and RSch students can result from the PA policy 
implemented in the OEG. The time course for weight changes 
and BP control by non-pharmacological intervention,19 and the 
association between school PA policy and CVD risk factors20,21 

could support our hypothesis. As for lipid profile, the absence 
of differences was not a surprise, once PA is known to have 
only a slight effect on lipid content.22 However, the high 
prevalence of dyslipidemia needs to be addressed.

In the whole sample, the prevalence of dyslipidemia was 
almost two times greater in RSch than OEG (38.1% vs 64.9%). 
In the ERICA study,23 the frequency of hypercholesterolemia 
and hypertriglyceridemia was 20.1% and 7.8%, respectively, in 
a sample of 38,069 adolescents aged 12-17 years. A possible 
explanation for the discrepancy between our data and that 
of literature is that the age of 12-13 years corresponds to the 
pubertal spurt period in boys and girls, and hormonal and 
other biological interactions may influence biological markers, 
making it difficult to correctly quantify them.24

It is also important to point out the association between 
obesity and hypertension. Bloch et al.12 reported a higher 
prevalence of hypertension in obese adolescents (28.4%) 
than in overweight (15.4%) and eutrophic (6.3%) adolescents. 
The fraction of hypertension attributable to obesity was 
17.8%, which raises the hypothesis that about one-fifth of 

hypertensive patients would not have high BP if they were 
not obese. This seems important and could serve as a basis 
for decision-makers of the potential benefits of increasing 
school-based PA interventions, including intermediate 
outcomes as control of hypertension, a major cause of 
cardiovascular mortality in later life.25

Interestingly, while both boys and girls attending RSch 
were less physically active and had a higher frequency of 
pre-hypertension/hypertension, only girls appeared to benefit 
more from attending OEG schools when the goal was control 
of body weight. A possible explanation for this finding is that 
boys are usually more active than girls and more frequently 
engaged in non-scheduled PA.26

Regarding our exploratory binomial logistic regression 
analysis, after adjusting for age and sex, RSch students had 
higher odds to be overweight and to have pre-hypertension/
hypertension than OEG students, supporting the rationale and 
results described above.19 Actually, no differences were found for 
altered glycemia or lipid profile. The results of the International 
Study of Childhood Obesity, Lifestyle and the Environment 
(ISCOLE), a large multicenter cross-sectional study, demonstrated 
a positive association between sedentary behavior and obesity, 
even in the cluster analysis of 6,000 students from 12 countries27 
and in the evaluation of those meeting the recommendations 
for 24-hour movement guidelines.28
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Regarding our sensitivity analysis in the logistic regression 
model, it is important to note that the magnitude of association 
between the school policy and being overweight increased 
for girls (OR: from 1.49 [1.13–1.98] to 1.89 [1.13–2.75]) 
and decreased for boys (OR: from 1.49 [1.13–1.98] to 1.09 
[0.71-1.69]), when compared to that of the fully adjusted model. 
With respect to the association between the school policy and 
pre-hypertension/hypertension, the magnitude of association 
slightly decreased for girls (OR: from 1.86 [1.36–2.54] to 1.66 
[1.10–2.51]) and increased for boys (OR: from 1.86 [1.36–2.54] 
to 2.20 [1.37–3.54]), with no difference in lipid profile.29

Despite the imbalance between the sexes, which motivated 
the sensitivity analysis, there may be a rationale to explain 
the changes in the magnitude of the point-estimation. 
Previous findings support that, overall, girls are more likely to 
be overweight than boys – perhaps because boys are more 
physically active and less sedentary.30 Nevertheless, data from 
NHANES revealed that the prevalence of risk factors for CVD 
and metabolic syndrome was higher in boys than in girls,31 
which is in line with he statement that boys are more likely to 
be pre-hypertensive/hypertensive than girls.32 This apparently 
counterintuitive fact could be supported by the present 
experiment. Among girls, 606 were overweight, and 603 were 
diagnosed with pre- or hypertension. Among boys, 404 were 
overweight and 502 were pre-hypertensive or hypertensive. 
These numbers indicate that other risk factors, such as family 
history, may be associated with elevated BP – since at least 
98 boys had this condition despite the absence of overweight. 
Therefore, the interactions between school environment 
and sex are not sufficient to explain the differences in both 
overweight and pre-hypertension/hypertension observed 
in the fully adjusted model and in the model stratified by 
sex. However, this analysis supports the fact that sex may 
explain the prevalence of overweight and pre-hypertension/
hypertension in adolescents regardless of PA status.

Limitations and future directions
The results of this study need to be interpreted in light of 

some limitations. First, because of the cross-sectional design, 
we cannot establish a causal relationship between school 
environment (i.e., school PA policy) and the development 
of CVD risk factors. Second, we did not measure the level 
of PA of the participants to verify whether they met the 
PA recommendations of the school policy – this is why 
we chose school, instead of PA level, as the exposure. 
Third, no adjustment was made for socioeconomic status, 
parental influence, or dietary intake, which might have some 
influence on the development of CVD risk factors. Finally, the 
categorization of some continuous variables for analysis cannot 

be disregarded as a limitation, even though we used thresholds 
commonly reported in the literature.

On the other hand, the hypothesis raised by our study needs 
to be addressed in intervention-based studies, like multicenter, 
cluster randomized controlled trials. We addressed, with a 
valuable sample size, the prevalence of some CVD risk factors 
in the school environment of a middle-income country in a 
chronological age-homogeneous sample. The use of higher 
PA doses, like that of the OEG policy, need to be tested and 
confirmed in future experiments.

Conclusion
The prevalence of pre-hypertension/hypertension and 

overweight differed between schools, and students attending OEG 
had lower proportion and odds of developing CVD risk factors.
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