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Abstract

Objective: To study risk factors associated with overweight and obesity among
adolescents enrolled in private high schools in the city of Pelotas, southern Brazil.
Method: This was a case–control study. The subjects were 264 overweight (body
mass index (BMI) $85th percentile of the National Center for Health Statistics (NCHS)
reference population) and 264 non-overweight (BMI .5th and ,85th NCHS
percentiles) adolescents identified by means of an anthropometric survey which
included 1608 students. The adolescents were weighed, measured and interviewed
about food habits and physical activity at school. Parents provided their own weights
and heights when contacted by telephone, and parental BMI was calculated.
Results: Hierarchical multiple conditional logistic regression showed that overweight
and obesity were positively associated with mother’s (odds ratio (OR) 2.86, 95%
confidence interval (Cl) 1.43–5.74) and father’s (OR 2.43, 95% Cl 1.37–4.30) BMI
$30 kg m22, being overweight before 10 years of age (OR 2.26, 95% Cl 1.30–3.90)
and the habit of dieting (OR 3.53, 95% Cl 1.76–7.22). Having more than three meals
per day was found to be a protective factor against overweight and obesity (OR 0.54,
95% Cl 0.29–1.00).
Conclusion: The present study showed that a family history of obesity, overweight
during childhood and the habit of dieting for weight-loss purposes are factors
associated with obesity during adolescence. The habit of having more than three daily
meals turned out to be a protective factor against overweight. These results suggest
the necessity for early intervention at the family and general community levels aimed
at the prevention of obesity through actions directed towards the modification of
established behaviours.
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Longitudinal studies have shown that obesity in childhood

and adolescence, particularly during the second decade of

life, is a strong predictor of adult obesity, especially for

extremely obese children with obese parents1–4. At the

same time, there is increasing evidence that the develop-

ment of overweight and obesity in adolescence has

deleterious social, economic5 and health consequences6,7.

The psychosocial discrimination of obese adolescents may

lead them to social isolation and affect their psychological

development8.

Obesity during childhood and adolescence is increasing

dramatically in the Western world. In the USA, the

prevalence of obesity among individuals aged between 6

and 17 years (body mass index (BMI) $95th percentile of

the National Center for Health Statistics (NCHS) reference

population) has almost tripled in 30 years, from 4% in 1963

to 11% in 1994. In the same year, an additional 14% had a

BMI between the 85th and 95th percentiles9. Although

there are both genetic and environmental causes of obesity,

the increase in obesity prevalence is likely to be more

closely associated with changes in environmental factors8.

Risk factors may vary amongst and within societies

exposed to different environmental influences10. Demo-

graphic, epidemiological and nutritional transition pro-

cesses have different characteristics in different

countries11. In Latin America, the social, economic and

demographic transformations that have taken place during

the last decades coincided with modifications in the

region’s epidemiological profile and dietary12 and physical

activity patterns. Analysis of data from the Brazilian

National Survey showed associations between overweight,

income, urbanisation and region of residence, indicating

that the environment represents an important risk factor for

overweight and obesity amongst Brazilian adolescents13.

Thus, nowadays, obesity during adolescence is an

important public health problem in developing as well as
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in developed countries. In spite of the problem’s

magnitude, however, little is known about the factors

that contribute to the world-wide obesity epidemic. It is

urgent, therefore, to evaluate the factors that determine

this process in every different region and in every different

culture. The present study attempted to investigate the risk

factors associated with overweight and obesity amongst

adolescents, aged 15 to 19 years, enrolled in private high

schools in the city of Pelotas, southern Brazil.

Methodology

The case–control study was performed in the city of

Pelotas, in the state of Rio Grande do Sul, southern Brazil,

from 2 August to 4 December 2000.

For case selection, from February to June 2000, a team of

trained university students (School of Nutrition, Federal

University of Pelotas) weighed and measured 1608

adolescents born between 01/01/1980 and 12/31/1985,

which represented 96.6% of all students participating in

physical education (PE) classes in all private high schools

of the city of Pelotas. We selected private schools because

the highest prevalence of obesity among Brazilian

adolescents was found among the upper-income class

living in southern Brazil13. Approximately 6% (106) of the

1770 students enrolled did not participate in PE classes for

medical reasons. Seven youngsters refused to submit to

evaluation, and 49 were not located after at least three

attempts.

Cases comprised the 264 (16.4%) adolescents identified,

amongst the 1608 examined, as presenting a BMI (defined

as weight in kg divided by the square of height in m)

$85th percentile of the NCHS reference population. For

each of these 264 cases we chose one control. Sample size

allowed the detection of an odds ratio (OR) of 1.75, given a

prevalence of sedentarianism among controls of 30%, a

power of 80% and an alpha error of 5%.

Controls were matched by gender and age, and selected

from subjects presenting a BMI-for-age between the 5th

and 85th NCHS percentiles. The choice of these cut-off

points aimed to ensure that only adequately nourished

adolescents were selected as controls. Of the 1608

adolescents initially evaluated, 43 (2.7%) were below the

5th NCHS percentile and were therefore excluded from

the process of control selection. After ordering all subjects

by sex and date of birth, controls were selected by

choosing the individual with a date of birth immediately

after each case.

A standardised and pre-coded questionnaire was

applied to both cases and controls. The following variables

were considered: age; frequency and amount of physical

activity; hours of sleep; hours of watching television (TV),

playing video games and using a computer per day; dietary

habits (frequency of fried foods, fast foods, sweets, soft

drinks, fruit, vegetables and apparent meat fat); number of

daily meals; sexual maturity (menarche for girls and

axillary hair for boys)14; smoking (smoker/non-smoker);

and dieting for weight-loss reasons (current diet). The

adolescent’s perception of his/her nutritional status before

age 10 was also investigated. Socio-economic status was

measured by ABIPEME (Associação Brasileira de Institutos

de Mercado) – a variable obtained through information

about home utensils and schooling level, and categorised

as A, B, C, D and E from highest to lowest socio-economic

status15. Socio-economic status was not considered in the

analysis because all adolescents were classified in the

upper class categories.

In addition to the interview with the adolescent, parents

or guardians were also contacted by telephone. At this

time, data were collected concerning the adolescent (total

breast-feeding duration, birth weight) and the biological

parents (weight, height, schooling). Parents’ nutritional

status was evaluated by means of their BMI.

The adolescents were interviewed during their PE

classes for approximately 40 min. Fifteen adolescents

(six cases and nine controls) who had left the school in the

second semester of 2000 were interviewed at their homes.

Data were coded daily by the interviewers and revised

by the study co-ordinator. The database was structured

using Epi-Info 6.0 software (Centers for Disease Control

and Prevention, Atlanta, GA, USA), with data being

entered twice for the correction of possible entry mistakes.

Analyses were performed using SPSS for Windows 8.0

(SPSS Inc., Chicago, IL, USA) and Stata (StataCorp, College

Station, TX, USA) software.

Initially, univariate analysis was carried out on all

information collected, calculating the proportions for the

categorical variables. Next, bivariate analyses were

performed, observing exposure prevalences for cases

and controls, association tests (Pearson’s chi-square test)

and ORs with their respective 95% confidence intervals

(CIs). Finally, multivariate analysis was carried out, using a

conditional logistic regression16 according to a hierarch-

ical conceptual model17. Variables were included follow-

ing the sequence proposed by the model. At each

hierarchical level, variables associated with overweight

and obesity with P , 0.20 were maintained for their status

as possible confounders18.

Results

A total of 508 adolescents (254 cases and 254 controls)

were interviewed; there was a 3.9% loss in relation to the

sample originally predicted. Ten pairs were lost (in one

pair, case and control were not located; nine pairs were

excluded because adolescents in the case or control group

were not identified).

Table 1 describes the demographic and socio-economic

characteristics of cases and controls. Over half the subjects

were males and aged between 15 and 16 years. Subjects

were concentrated in the higher socio-economic levels

(A and B); case and control distributions in relation to
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socio-economic level and parents’ schooling were similar.

The majority of youngsters were found to be sexually

mature; all of them had axillary hair, and only one girl had

not yet menstruated. Of the 254 overweight adolescents,

63 (24.8%) had a BMI $95th percentile.

Table 2 shows risk factor distributions for cases and

controls, crude ORs and their respective confidence

intervals, as well as statistical significance tests for

categorical variables.

Parental nutritional status was directly and significantly

associated with overweight and obesity in adolescents.

Youngsters whose parents’ BMI was $30 kg m22 were two

times more likely to be overweight or obese than those

whose parents were thinner. Birth weight was also found

to be a risk factor in the crude analysis (OR 1.53). Having

been breast-fed for 2 months or more (OR 0.67) seemed to

have a protective effect against obesity.

Childhood overweight showed a direct relationship to

overweight and obesity during adolescence. Youngsters

who reported being overweight before age 10 were two-

and-a-half times more likely to be overweight or obese

during adolescence (OR 2.50). Cases did not differ from

controls concerning physical activity. The habit of

spending 4 h or more watching TV per day was more

frequent amongst cases (OR 1.76).

Table 1 Distribution of cases and controls according to gender,
age and socio-economic characteristics: private high schools,
Pelotas, southern Brazil, 2000

Cases
(BMI $85th
percentile)

Controls
(BMI .5th
and ,85th
percentile)

Variable n % n % P-value

Gender
Female 104 40.9 104 40.9
Male 150 59.1 150 59.1 0.54

Age (years)
15–16 143 56.3 141 55.5
17–20 111 43.7 113 44.5 0.46

Socio-economic status (ABIPEME)*
Class A 189 74.7 195 76.8
Class B 64 25.3 59 23.2 0.59

Years of schooling – father (telephone interview)†
# 11 86 36.1 82 34.9
12–15 59 24.8 62 26.4
$ 16 93 39.1 91 38.9 0.92

Years of schooling – mother (telephone interview)‡
# 11 78 32.0 79 31.9
12–15 100 41.0 103 41.5
$ 16 66 27.0 66 26.6 0.99

BMI – body mass index; ABIPEME – Associação Brasileira de Institutos
de Mercado.
* Total of 507: schooling was not provided for one head of household.
† Total of 473: 35 did not have a father.
‡ Total of 492: 16 did not have a mother.

Table 2 Odds ratio (OR) and respective 95% confidence interval (CI) for characteristics related to obesity in adolescents aged 15 to 19
years enrolled in private high schools in the city of Pelotas, southern Brazil, 2000

Cases Controls

Yes Yes

Variable n n % n n % Crude OR (95% CI) P-value*

Parental history
Father’s BMI $30 kg m22 228 64 28.1 230 31 13.5 2.51 (1.52–4.15) <0.001
Mother’s BMI $30 kg m22 239 41 17.2 247 19 7.7 2.48 (1.35–4.61) 0.001

Adolescent’s history
Birth weight $3.8 kg 250 72 28.8 254 53 20.9 1.53 (1.00–2.36) 0.04
Breast-fed .2 months 252 175 69.4 251 194 77.3 0.67 (0.44–1.01) 0.05
Self-perception of overweight before age 10 254 95 37.4 254 49 19.3 2.50 (1.64–3.81) <0.001
Age at menarche #11 years 97 39 40.2 99 27 27.3 1.79 (0.94–3.42) 0.06

Physical activity (PA)
PA outside school 254 160 63.0 254 174 68.5 0.78 (0.53–1.15) 0.19
PA $3 times/week 254 119 46.9 254 126 49.6 0.90 (0.62–1.29) 0.53
PA $30 min/day 254 114 44.9 254 107 42.1 1.12 (0.78–1.61) 0.53
Sleep .8 h/day 254 57 22.4 254 70 27.6 0.76 (0.50–1.16) 0.18
Watching TV, playing video games and
using a computer $4 h/day

254 118 46.5 254 84 33.1 1.76 (1.21–2.56 0.002

Dietary patterns
. 3 meals/day 254 148 58.3 254 193 76.0 0.44 (0.30–0.66) <0.001
Daily breakfast 254 115 45.3 254 148 58.3 0.59 (0.41–0.85) 0.003

Dietary preferences
Fried foods .3 times/week 254 49 19.3 254 51 20.1 0.95 (0.60–1.51) 0.82
Fast food $3 times/week 254 45 17.7 254 55 21.7 0.78 (0.49–1.24) 0.26
Sweets $5 times/week 254 153 60.2 254 158 62.2 0.92 (0.63–1.34) 0.65
Soft drinks $5 times/week 254 115 45.3 254 95 37.4 1.38 (0.96–2.01) 0.07
Fruit $5 times/week 254 93 36.6 254 110 43.3 0.76 (0.52–1.10) 0.12
Vegetables $5 times/week 254 113 44.5 254 98 38.6 1.28 (0.88–1.85) 0.18
Meat with apparent fat 254 56 22.0 254 46 18.1 1.28 (0.81–2.02) 0.27

Health habits
Smoking 254 15 5.9 254 12 4.7 1.27 (0.55–2.95) 0.55
Dieting for weight loss 254 71 28.0 254 28 11.0 3.13 (1.89–5.20) <0.001

BMI – body mass index.
* P-values are taken from the corresponding chi-square tests. Significant P-values are indicated in bold type.
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Concerning dietary habits, we noticed that frequency of

meals seems to be a protective factor against overweight

and obesity. The number of daily meals revealed a

significant inverse association with overweight and

obesity: subjects who had more than three meals per day

were less likely to be overweight and obese than the

others. The habit of having breakfast every day was also

found to offer protection against overweight and obesity.

Concerning the intakes of specific types of food, there

were no significant differences between cases and

controls.

Cases were three times more likely to report being on a

diet for weight-loss purposes (OR 3.13) than controls.

Table 3 shows the results of the multivariate analysis

carried out by means of hierarchical conditional logistic

regression. Father’s and mother’s BMI were adjusted for

one another. In spite of this adjustment, however, both

variables remained strongly associated with overweight

and obesity in the adolescent children. Birth weight, when

controlled for the variables preceding it in the model

(parental nutritional status), lost its effect over obesity and

overweight. The same occurred for the variable time

watching TV. The adjusted analysis revealed a relative

effect (borderline significance) for breast-feeding.

Overweight in childhood also maintained its statistical

significance. Concerning dietary habits, only the number

of meals per day maintained its status as a protective factor

against overweight and obesity after adjustment for the

four preceding levels of model employed. Of all reported

variables, dieting for weight-loss purposes at the time of

the interview was the most strongly associated with

overweight and obesity in adolescence. Even after

adjustment for all preceding variables, it presented an

OR of 3.53.

Discussion

The relatively short recall period for most information

collected contributed to reduce memory bias, and, owing

to the small number of losses, selection bias did not seem

to have any effect on the results of the study.

This study focused on the higher-level population of the

southern region of Brazil due to the greater prevalence of

obesity and overweight in adolescents, as revealed by the

latest Brazilian survey13, among populations of higher

socio-economic level in this region.

A possible limitation of this study was the use of weight

and height reported by parents. Although the use of

reported anthropometric measurements is often criticised,

studies of the accuracy of weight reported by the adult

population have, in general, confirmed its high correlation

with measured weight. For instance, studies carried out in

the USA19 and Porto Alegre in southern Brazil20 have

encountered a high correlation (r ¼ 0.94 and 0.97,

respectively) between the two values.

Our results show – in agreement with other epidemio-

logical studies1–4 – that having parents with high BMI

values is a risk factor for overweight and obesity in

adolescents. Although family aggregation of obesity

certainly has a genetic component, it has also been

Table 3 Hierarchical conditional logistic regression of risk factors for obesity in adolescence: private high
schools, Pelotas, southern Brazil, 2000

Variable
Adjusted

OR (95% CI) P-value* Model†

Parental history
Father’s BMI $30 kg m22 2.43 (1.37–4.30) 0.002 1
Mother’s BMI $30 kg m2 2.86 (1.43–5.74) 0.003 1

Adolescent’s history
Birth weight $3.8 kg 1.38 (0.76–2.50) 0.29 2
Breast-fed .2 months 0.62 (0.37–1.03) 0.06 3
Self-perception of overweight before age 10 2.26 (1.30–3.90) 0.004 4

Physical activity (PA)
PA outside school 0.75 (0.44–1.27) 0.31 5
Sleep .8 h/day 0.60 (0.33–1.08) 0.09 5
Watching TV, playing video games and using a computer $4 h/day 1.36 (0.77–2.40) 0.29 5

Dietary patterns
. 3 meals/day 0.54 (0.29–1.00) 0.05 5
Daily breakfast 0.63 (0.36–1.10) 0.11 5

Dietary preferences
Soft drinks $5 times/week 1.35 (0.77–2.36) 0.29 5
Fruit $5 times/week 0.57 (0.31–1.05) 0.07 5
Vegetables $5 times/week 1.23 (0.72–2.10) 0.45 5

Health habits
Dieting for weight loss 3.53 (1.76–7.22) < 0.001 5

OR – odds ratio; CI – confidence interval; BMI – body mass index.
* P-values are taken from the corresponding chi-square tests. Significant P-values are indicated in bold type.
† Model 1 – mother’s and father’s BMI adjusted for one another; Model 2 – Model 1 plus birth weight; Model 3 – Model 2 plus
breast-feeding; Model 4 – Model 3 plus self-perception of overweight before age 10; Model 5 – Model 4 plus physical activity
outside school, hours of sleep, hours of TV, video games and computer, number of daily meals, habit of having breakfast, habit
of having soft drinks, fruit and vegetables, and dieting for weight-loss purposes at the time of the interview.
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demonstrated that a child or adolescent is at risk of

becoming obese simply by living with other obese

persons, independent of the existence or not of biological

relationships among them21.

It has frequently been reported that feeding practices

greatly influence children’s or adolescents’ choices. Family

lifestyle and food habits play an important role in the

child’s or adolescent’s food preferences, and this may

affect their body weight. Parents are responsible for food

availability and accessibility at home. In addition,

children’s eating habits can be modified through the

attitudes of parents, peers, siblings and relatives who live

with them. Parents’ encouragement to eat promotes fat

gain in their children22.

In 1997 a retrospective study4 evaluated the probability

of obesity among young adults, taking into account being

overweight or not during several different periods of their

lives as well as their parents’ nutritional status. These

authors also came to the conclusion that children without

obese parents were at lower risk of becoming obese adults.

Our hierarchical multivariate analysis allowed risk

evaluation for each variable while controlling for possible

confounders. This can easily be observed in the 1.5-fold

risk associated with birth weight in the crude analysis,

which lost its statistical significance after adjustment for

parental BMI. In a recent study, Frisancho23 also reported

this finding: the association between birth weight and

body composition during adolescence is mediated by

parental body composition. In other words, heavy

newborns (assumed to be fat newborns) do not

necessarily become fat adolescents unless the mother or

father is also overweight.

Childhood overweight as a risk factor was twice as

common among cases than among controls. This is

consistent with the findings of Serdula et al.3 and Power

et al.1, who performed an extensive bibliography review

on the persistence of obesity from childhood to

adulthood. All studies showed that obese children are at

greater risk of becoming obese adults. The authors found,

as well, that the risk of an obese child remaining obese

increases with age. According to Whitaker et al.4, relative

risk increases considerably if one or both parents are

overweight.

The analysis showed a relative protective effect

(borderline significance) of total breast-feeding duration

on overweight. Many previous studies that have investi-

gated this relationship failed to encounter significant

effects10, but two recently published articles24,25 showed

evidence of a protective effect of breast-feeding against

obesity later in life. The mechanism by which such

protection may occur is uncertain. Some authors25 suggest

that breast-fed children drink less milk than those on

formula, and that the child’s dietary preferences are altered

by the way in which he/she is fed. In a recent review,

Martorell et al.26also suggested that breast-feeding might

have a protective effect against future obesity.

The absence of physical activity outside school was not

found to be a factor associated with overweight and

obesity in adolescents. However, these results have to be

interpreted with caution taking into account a possible

lack of power to detect some differences. Many studies

suggest that sedentary behaviour is common among

children and adolescents, and it has been identified as a

significant predictor of weight gain in later stages of life.

However, long-term longitudinal studies employing

accurate techniques for the measurement of physical

activity are not available27. Physical inactivity has thus

been considered to be the most accurate long-term

indicator for sedentary behaviour28.

Hours of watching TV, playing video games or using a

computer per day – indirect indicators of sedentarianism

– showed an association with overweight and obesity in

crude analysis. In multivariate analysis, after adjustment

for the remaining variables, this effect disappeared. The

relationship between hours spent watching TVand obesity

is controversial; some researchers have encountered a

strong relationship29,30 whereas others question the

existence of a direct relationship31.

Dietz and Gortmaker29, analysing data from cycles II

and III of the National Health Examination Survey,

observed that adiposity and amount of time spent in

front of the TV during adolescence are significantly

associated, even after correction for obesity history. They

concluded that TV viewing encourages inactivity as well as

the intake of densely caloric foods. It is not clear, however,

if the habit of TV viewing amongst children and

adolescents actually causes obesity or whether obese

children are less physically active due to social stigmatis-

ation from their peers or other secondary factors.

The present study revealed an inverse relationship

between meal frequency and body weight, which suggests

that the habit of having meals more frequently may be a

protective factor against obesity. According to Taylor and

Garrow32, meal frequency has no major impact on energy

intake or expenditure but energy expenditure is delayed

with a lower meal frequency compared with a higher meal

frequency. This might be attributed to the thermogenic

effect of food, continuing into the night when a later,

larger meal is given. In a recent review, Bellisle et al.33

verified that although many studies fail to find any

significant relationship, the relationship is consistently

inverse in those studies that do observe one.

The absence of breakfast turned out, in the crude

analysis, to be a risk factor for overweight and obesity in

the population studied. Other authors have found similar

results. While studying the habits of European adoles-

cents, Samuelson34 verified that irregularity of meal

patterns, characterised mainly by the absence of breakfast,

could be related to the increase in the prevalence of

obesity observed in Europe during the past decades.

Being on a current diet for weight-loss purposes was

the risk factor that presented the highest level of
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association with overweight and obesity. The order of

the events in this association, however, cannot properly

be elucidated from this study. It is possible that

overweight and obese adolescents may be on restrictive

diets in order to improve their body image, or simply

aiming to adopting a behaviour coherent with their

nutritional status. Thus, a possible limitation of this study

is reverse causality, a bias frequently observed in case–

control studies.

In a recent study, Neumark-Sztainer et al.35 found that

behaviours related to weight control in teenagers were

associated with the intake of unhealthy food. Dietary

restriction was associated with excessive eating among

adolescents. In a study of adolescent girls, Killen et al.36

found that restrained eaters exhibited high levels of

feelings of worthlessness, body dissatisfaction, fear of

weight gain and disaffect, and they were heavier and more

physically developed than unrestrained girls.

In conclusion, the present study showed that a family

history of obesity, overweight during childhood and

the habit of dieting for weight-loss purposes are risk

factors for obesity during adolescence. The habit of

having more than three daily meals turned out to be

a protective factor against overweight. These results

suggest that obesity control policies and programmes

should be as precocious as possible, being directed not

only at adolescents, but also at their families and the

community in general. These activities should be

developed by both health and education professionals,

acting directly at their institutions as well as by advertising

in mass media such as newspapers, magazines, radio

and TV, and electronic media. In this context, school plays

an important role in the improvement of food and physical

activity habits.
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