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Abstract

In a prospective birth cohort study in Brazil,
the prevalence and early risk factors for smok-
ing in adolescence were investigated. All 1982
hospital-born children in Pelotas, Rio Grande
do Sul, Brazil, were enrolled in a birth cohort
study (N = 5,914; boys: 3,037; girls: 2,877). All
male participants were searched in 2000 when
enrolling in the national army, and 78.8% were
traced. In 2001, a systematic sample of 473 girls
was interviewed, representing a follow-up rate
of 69.1%. Among males, 48.6% (95%CI: 46.6-
50.7) had ever tried smoking and 15.8% (95%CI:
14.3-17.3) were daily smokers. Among females,
53.1% (95%CI: 48.6-57.6) had ever tried smok-
ing and 15.4% (95%CI: 12.1-18.7) were daily
smokers. Boys born to single mothers and those
with fathers with low schooling were more likely
to smoke in adolescence. Girls from low-in-
come families, with mothers who smoked dur-
ing pregnancy, and fathers with alcohol-related
problems were more likely to smoke. Although
the smoking prevalence was similar in boys and
girls, risk factors for smoking were different be-
tween the sexes. Social environment appears to
be the strongest predictor of tobacco use in ado-
lescence.
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Introduction

Although the prevalence of smoking in adult
males is decreasing slightly in Latin America, the
same is not true for females 1. Two groups of the
general population have been the main targets
for the addiction of smoking: females and teen-
agers. In countries such as China, where women
have only recently been allowed to smoke, an
epidemic of smoking is predicted in the near fu-
ture 1. Among adolescents, no evidence of de-
cline in the prevalence of smoking is available 1.
In Brazil, 2.7 million adolescents were smokers
in 1989, which represented a prevalence rate of
9% 2.1In 2001, 15.7% of all adolescents aged 12-17
years had ever tried tobacco 3.

Identification of risk factors for smoking is a
public health priority. A recent literature review 4
identified the following significant risk factors for
adolescent tobacco use: smoking among friends
and siblings, poor academic performance, being
older, male gender, labor, and parents who were
separated. However, most papers on risk factors
for smoking in adolescence are cross-sectional,
analyzing exposures and outcomes simultane-
ously, and are thus prone to reverse causality
bias.

Currently, there is growing interest in the idea
of programming health outcomes 5. So far, most
of these studies have focused on biological out-
comes such as coronary heart disease, diabetes,
hypertension, and obesity 6,7.89,10, However, be-
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haviors might also be programmed during early
life 11. In a prospective birth cohort study in Bra-
zil, we investigated the prevalence and early risk
factors for smoking in adolescence.

Methods

The study was conducted in Pelotas, Rio Grande
do Sul, a relatively well-developed city in South-
ern Brazil (current population 320,000), located
near the border with Uruguay and Argentina. The
per capita gross domestic product in Pelotas is
US$ 2,700 12. The population is mostly white, of
Portuguese and Spanish ancestry. Among adults
(= 20years), prevalence of current smoking in ma-
les and females is 32.8% and 24.1%, respectively 13.

In 1982, the three maternity hospitals in the
city were visited daily, and all 5,914 live births
whose families lived in the urban area of the city
were included in a birth cohort study. Mothers
were interviewed soon after birth using a stan-
dardized pre-tested questionnaire on demo-
graphic, socioeconomic, behavioral, and gesta-
tional variables. Newborns were weighed with pe-
diatric scales. The cohort children were followed
up at several points in time. In 1984 (mean age
20 months), a citywide census was conducted to
locate children born in 1982, and 87% of the co-
hort was located. A similar census was repeated
in 1986 (mean age 42 months), when 84% of the
children were located. In these two follow-up vis-
its, mothers were interviewed and information
on behavior, such as smoking and alcohol-relat-
ed problems, was collected. Paternal data were
obtained from the mothers.

In 2000, all males from the birth cohort were
legally required to undergo a medical exami-
nation at the local Army Base. They were then
invited to answer a research questionnaire that
included several health-related data. Adolescents
who did not attend the Army examination were
traced at their last known address and invited to
attend an examination at a clinic. Those who still
failed to attend were visited at home.

Because the Army Enlistment Study was re-
stricted to males, it was desirable to obtain simi-
lar information for the female adolescents in the
cohort. In 2001, a systematic sample of 70 out
of the 259 census tracts in the city was selected.
In each tract, all households were visited and fe-
male adolescents born in 1982 were interviewed.

In the 2000 and 2001 visits, adolescents were
asked about tobacco smoking. Daily smoking
was defined as at least one cigarette per day on
each day of the previous week. Weekly smoking
was defined as at least one day of smoking in the
previous week.
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The following early predictors of tobacco
smoking were considered: self-reported ma-
ternal skin color (white, non-white), maternal
marital status at delivery (married, unmarried),
family income at delivery (in minimum wages),
maternal schooling (years of formal education),
paternal schooling (years of formal education),
maternal age at delivery (< 20, 20-29, > 30 years),
maternal smoking during pregnancy (no, 1-14,
> 15 cigarettes per day), paternal alcohol-relat-
ed problems (a dichotomous variable based on
maternal self-report), and maternal and pater-
nal smoking during child’s infancy (no, 1-14, > 15
cigarettes per day).

Following descriptive analyses, the preva-
lence of daily and weekly smoking was calculated
for each group of the independent variables. Chi-
square tests for heterogeneity and trend were
used to calculate significance. Logistic regression
models were used for multivariate analyses, us-
ing a hierarchical approach. Order of entry into
the model was based on a conceptual framework
defined a priori 14. The first level incorporated the
variables: maternal skin color, maternal marital
status, family income, maternal and paternal
schooling, and maternal age. The second level
included smoking during pregnancy, paternal
alcohol-related problems, and maternal and pa-
ternal smoking during child’s infancy. The effect
of each exposure on the outcome was adjusted
for covariates in the same level or above in the hi-
erarchical model 14. All analyses were carried out
separately for males and females, and interac-
tions between gender and other covariates were
tested. Weighted analyses were not necessary be-
cause no pooled estimates were presented. All
tests were two-tailed and the significance level
was 5%.

The Research Ethics Committee at the Medi-
cal School of the Federal University in Pelotas ap-
proved the study protocol, and informed consent
was obtained in all phases of the birth cohort
study. Further details on the cohort study meth-
odology are available elsewhere 15.

Results

The original 1982 cohort included 5,914 individ-
uals (boys: 3,037; girls: 2,877). The overall follow-
up rate in the Army study was 78.9%; this analysis
included 2,245 males. In the female sub-study,
which included 27% of all females belonging to
the cohort, the follow-up rate was 69.1%, and
analyses were carried out for 473 adolescent girls.
Table 1 presents follow-up rates according to
baseline characteristics. Non-response was high-
er among adolescents from low socioeconomic



Table 1

EARLY DETERMINANTS OF SMOKING IN ADOLESCENCE

Percentage of individuals located in late adolescence according to key baseline characteristics.

Baseline variables (1982) Original cohort number Percent located
Male Female Male Female *

Family income (minimum wage)

<1 666 622 73 61

1.1-3.0 1,463 1,325 80 69

3.1-6.0 544 547 84 78

6.1-10 184 198 79 68

> 10 167 168 77 81
Maternal schooling (years)

0-4 1,008 952 76 62

5-8 1,288 1,166 82 73

9-11 330 324 76 63

>12 406 432 80 81
Birth weight (grams)

< 2,500 244 289 79 69

> 2,500 2,791 2,584 77 72
Maternal skin color

White 2,479 2,371 79 70

Non-white 556 504 78 67
Maternal marital status

Married 2,789 2,635 79 70

Single 246 238 73 62
Maternal smoking during pregnancy

No 1,946 1,864 80 70

Yes 1,091 1,012 75 66

* Values obtained in a systematically-selected sub-sample of 27% searched at 19 years, and then extrapolated proportionately

to the entire cohort.

status families. Birth weight, maternal skin color,
and maternal smoking during pregnancy were
not associated with follow-up rates. Adolescents
born to unmarried women were less likely to be
followed-up.

Among males, 48.6% (95%CI: 46.6-50.7) had
ever tried smoking, 20.2% (95%C: 18.6-21.9) had
smoked at least one day in the previous week,
and 15.8% (95%CI: 14.3-17.3) were daily smokers.
Among male current smokers, the mean number
of cigarettes per day was 10.0 (SD = 6.9). Most
male smokers (54.3%) had started smoking be-
tween 13 and 15 years of age, while 11.5% had
started smoking before reaching 13. Among fe-
males, 53.1% (95%CI: 48.6-57.6) had ever tried
smoking, 19.9% (95%CI: 16.3-23.5) had smoked
at least one day in the previous week, and 15.4%
(95%CI: 12.1-18.7) were daily smokers. The mean
number of cigarettes smoked per day among fe-
male smokers was 8.4 (SD = 7.8). The proportion
of girls who had started smoking before reaching
13 was 18%; 47.4% had started between 13 and
15 years of age.

Table 2 shows the prevalence and risk factors
for daily and weekly smoking for boys and girls
separately. Among boys, daily smoking was more
common among those born to single mothers
and presented an inverse association with ma-
ternal and paternal schooling. The determinants
of weekly smoking were all consistent with those
observed for daily smoking.

Among girls, daily smoking was positively as-
sociated with exposure to maternal smoking dur-
ing pregnancy and childhood, as well as paternal
alcohol-related problems. The association was
negative for family income and maternal school-
ing. Analyses of weekly smoking produced results
comparable to those obtained with the outcome
daily smoking (Table 2).

Table 3 presents the multivariate analyses
for the two outcomes (daily and weekly smok-
ing) among boys and girls separately. The effect
of maternal marital status on the prevalence of
smoking in boys remained unaltered after ad-
justment. The variable maternal schooling lost
significance after adjustment, and paternal edu-

Cad. Salde Publica, Rio de Janeiro, 23(2):347-354, fev, 2007

349



350 Menezes AMB et al.

Table 2

Prevalence of daily and weekly smoking among adolescents according to independent variables.

Variable Males (N = 2,245) Females (N = 473)
% daily % weekly % daily % weekly
smoking (N) smoking (N) smoking (N) smoking (N)
Maternal skin color p =0.45 p=0.29 p=0.17 p =0.09
White 15.6 (288) 19.8 (367) 14.4 (56) 18.5 (72)
Non-white 17.1(67) 22.2 (87) 20.8 (16) 27.3 (21)
Maternal marital status p=0.02 p =0.02 p = 0.97 p=0.86
Married 15.3(319) 19.7 (410) 15.4 (67) 20.0 (87)
Single 22.5 (36) 27.5 (44) 15.6 (5) 18.8 (6)
Family income (minimum wage) p=0.07"* p=0.09* p=001* p=0.01*
<1 16.7 (70) 19.8 (83) 21.8(17) 28.2 (22)
1.1-3.0 16.8 (185) 21.9 (242) 17.8 (39) 22.4 (49)
3.1-6.0 14.6 (65) 18.7 (83) 9.5(10) 12.4(13)
6.1-10.0 16.1 (23) 20.3 (29) 13.8 (4) 17.2 (5)
>10.0 9.5(12) 12.7 (16) 5.7 (2) 11.4 (4)
Maternal schooling (years) p=0.01* p < 0.001* p=0.02* p=0.04*
0-4 18.2 (127) 22.7 (158) 21.5 (29) 25.9 (35)
5-8 15.1 (149) 20.1 (198) 15.2(29) 19.9 (38)
9-11 19.0 (46) 21.5(52) 6.7 (4) 10.0 (6)
212 10.1 (32) 13.9 (44) 12.3(10) 17.3(14)
Paternal schooling (years) p <0.001* p <0.001 * p=042* p=045*
0-4 20.9 (106) 26.2 (133) 17.4(16) 22.8 (21)
5-8 14.8 (132) 19.4 (173) 15.9 (32) 18.9 (38)
=9 13.6 (74) 16.7 (91) 13.5(16) 18.5(22)
Maternal age (years) p=0.56 p=0.80 p=0.39 p=0.47
<20 15.0 (48) 19.4 (62) 8.3 (5) 13.3(8)
20-29 16.7 (220) 20.9 (275) 17.1 (43) 21.4 (54)
=30 14.3 (87) 19.3(117) 15.5(24) 20.0 (31)
Maternal smoking during
pregnancy (cigarettes/day) p=0.12 p=0.13 p < 0.001 p < 0.001
No 14.9 (220) 19.0 (281) 11.6 (36) 17.1(53)
1-14 17.5 (100) 23.1(132) 19.5 (23) 21.2 (25)
=15 17.8 (35) 20.8 (41) 33.3(13) 38.5(15)
Paternal alcohol-related problems p=0.33 p=0.27 p = 0.001 p =0.01
No 15.4 (256) 19.8 (329) 13.1(48) 17.7 (65)
Yes 19.2(18) 24.5 (23) 45.0(9) 45.0(9)
Maternal smoking in child’s
infancy (cigarettes/day) p=0.33 p=0.31 p =0.02 p =0.06
No 15.4 (188) 19.6 (240) 12.5(33) 17.8 (47)
1-14 18.7 (79) 23.7 (100) 18.4(18) 21.4(27)
>15 16.6 (61) 20.9 (77) 23.6 (17) 27.8 (20)
Paternal smoking in child’s
infancy (cigarettes/day) p=0.20 p =0.09 p =0.20 p =0.08
No 14.0 (96) 17.6 (121) 13.0(22) 16.0 (27)
1-14 17.0 (54) 22.3(71) 10.3 (6) 15.5(9)
=15 16.5 (124) 21.3 (160) 18.1(29) 23.8 (38)

* p values for linear trend.
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Table 3

EARLY DETERMINANTS OF SMOKING IN ADOLESCENCE

Multivariate analyses of early determinants of daily and weekly smoking in boys and girls.

Variable

Males (N = 2,245)

Daily smoking
OR (95%Cl)

Weekly smoking
OR (95%Cl)

Females (N = 473)

Daily smoking
OR (95%Cl)

Weekly smoking
OR (95%Cl)

Maternal skin color
White
Non-white
Maternal marital status
Married
Single
Family income (minimum wage)
<1
1.1-3.0
3.1-6.0
6.1-10.0
>10.0
Maternal schooling (years)
0-4
5-8
9-11
>12
Paternal schooling (years)
0-4
5-8
>9
Maternal age (years)
<20
20-29
>30
Maternal smoking during
pregnancy (cigarettes/day)
No
1-14
>15
Paternal alcohol-related problems
No
Yes
Maternal smoking in child’s
infancy (cigarettes/day)
No
1-14
>15
Paternal smoking in child’s
infancy (cigarettes/day)
No
1-14
>15

p =026
1.00
0.82 (0.58-1.15)
p =0.01
1.00
1.83(1.14-2.92)
p=047*
1.00
1.30 (0.92-1.86)
1.24(0.79-1.93)
1.86 (0.99-3.48)
0.94 (0.41-2.11)
p=026*
1.00
0.84 (0.63-1.12)
1.29 (0.85-1.98)
0.62 (0.38-1.02)
p = 0.001 *
1.00
0.65 (0.49-0.87)
0.58 (0.42-0.81)
p =037
1.00
1.20 (0.82-1.75)
0.91 (0.59-1.40)

p =022
1.00
1.14 (0.86-1.50)
1.25(0.81-1.91)
p =0.85
1.00
1.06 (0.59-1.90)

p=0.25
1.00
1.06 (0.73-1.55)
0.70 (0.42-1.16)

p =026
1.00

1.13 (0.76-1.66)

1.20 (0.88-1.63)

p=073
1.00
0.95 (0.70-1.29)
p = 0.007
1.00
1.83(1.18-2.85)
p=024*
1.00
1.38 (1.00-1.91
1.36(0.91-2.03
1.91 (1.07-3.40
1.11(0.54-2.26
p=037*
1.00
0.89 (0.68-1.16)
1.19 (0.80-1.77)
0.73(0.47-1.12)
p < 0.001 *
1.00
0.67 (0.52-0.87)
0.55 (0.41-0.75)
p =0.52
1.00
1.12 (0.80-1.58)
0.94 (0.64-1.40)

p=024
1.00
1.20 (0.93-1.54)
1.13 (0.75-1.69)
p =068
1.00
1.12 (0.66-1.89)

p =045
1.00

1.12 (0.79-1.58)

0.80 (0.51-1.26)

p =022
1.00

1.16 (0.82-1.65)

1.19 (0.90-1.58)

p = 0.50
1.00
1.28 (0.63-2.60)
p = 0.60
1.00
0.76 (0.27-2.12)
p = 0.003 *
1.00
0.67 (0.35-1.30
0.30(0.13-0.72
0.46 (0.14-1.54
0.17 (0.04-0.79
p=048*
1.00
0.76 (0.39-1.46)
0.41(0.12-1.39)
0.84(0.28-2.52)
p=033*
1.00
1.18 (0.59-2.33)
1.53 (0.66-3.56)
p=0.11
1.00
2.94 (1.09-7.95)
2.94 (1.03-8.40)

)
)
)
)

p =0.02
1.00
1.73(0.90-3.33)
2.53 (0.99-6.48)
p = 0.002
1.00
4.43 (1.70-11.57)

p=0.95
1.00
0.94 (0.42-2.11)
0.98 (0.35-2.74)

p=076
1.00

0.52 (0.19-1.44)

1.07 (0.56-2.06)

p =0.67
1.00
1.16 (0.59-2.25)
p =042
1.00
0.59 (0.16-2.15)
p = 0.003 *
1.00
0.65 (0.35-1.19
0.30 (0.14-0.65
0.43 (0.14-1.32
0.26 (0.08-0.85
p=0.55*
1.00
0,78 (0.43-1.43)
0.49 (0.17-1.37)
0.89 (0.33-2.41)
p=037*
1.00
0.96 (0.52-1.79)
1.44 (0.67-3.08)
p=0.14
1.00
2.29 (1.00-5.23)
2.34 (0.97-5,66)

)
)
)
)

p=0.10
1.00
1.17 (0.64-2.15)
2.26 (0.96-5.34)
p =0.02
1.00
3.15 (1.23-8.07)

p=0.77
1.00
0.71 (0.34-1.50)
0.95 (0.37-2.41)

p=0.28
1.00

0.76 (0.32-1.78)

1.35 (0.75-2.43)

* p values for trend for all ordinal variables.
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cation was the only socioeconomic indicator as-
sociated with smoking prevalence in boys.

In girls, the effect of family income remained
in the multivariate analysis. Maternal smoking
during pregnancy was related to increased likeli-
hood of daily smoking in girls. The strong effect
of paternal alcohol-related problems for girls’
smoking remained unaltered after adjustment
(Table 3).

A significant interaction between gender and
maternal smoking during pregnancy was ob-
served. The effect of this variable was only signifi-
cant for adolescent girls. The same was observed
between gender and paternal alcohol-related
problems. The effect of this variable on smoking
in adolescence was significant for girls, but not
for boys.

Discussion

Most studies on risk factors for smoking assess
contemporary variables. Little attention has been
given to early determinants of smoking behavior
16, Investigation of such factors requires longitu-
dinal studies. In a population-based birth cohort
study in Brazil, including some 6,000 children at
birth, the role of early life variables on smoking
behavior in adolescence was investigated. These
results may help understand why some adoles-
cents smoke and others do not. In addition, our
data show different correlates of smoking in boys
and girls, highlighting the need for gender-strati-
fied analysis in the epidemiology of smoking.

Losses to follow-up represented some 20%
for boys and 30% for girls. These results are rel-
atively good since the cohort has been actively
followed for almost 20 years. Unfortunately; it is
not possible to follow our cohort passively, since
registers in Brazil are not complete. Low socio-
economic status was associated with lower fol-
low-up rates. In Brazil, the poor tend to change
their place of residence more frequently, so locat-
ing them in home visits is challenging. However,
response rates were above 60% in both genders
and in all socioeconomic groups, minimizing
the likelihood of selection bias. Because of dif-
ferent sample sizes, power to detect differences
was much greater for males than for females. For
example, the power to detect an odds ratio of 1.50
as significant was 90% for boys and 40% for girls
if an exposure had affected 30% of the cohort.
The non-significant effects of maternal age and
smoking during pregnancy on smoking among
girls are probably explained by sample size limi-
tations.

Conversely to what has been found in anoth-
er Latin American study 4, the prevalence of daily
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and weekly smoking in this cohort did not vary
according to gender. The lack of gender differ-
ences in the present study may reflect that while
males present declining rates in smoking, the op-
posite is observed among females. If no action is
taken, the trend in the near future is for smoking
prevalence to be greater in women. The numeric
prevalence values observed in this study are not
directly comparable to the literature, because
studies including adolescents (e.g., 10-19 years)
tend to find lower rates than the present study,
which included only older adolescents. Another
methodological issue is the difference between
criteria used to define smoking 4: definitions of
daily smoking, occasional smoking, non-smok-
ing, and ever smoking, for example, are not con-
sistent across the studies. Comparison of preva-
lence values found in studies using different cri-
teria may lead to biased conclusions.

In terms of socioeconomic indicators, in the
crude analysis, family income and maternal and
paternal schooling were associated with smoking
in both genders. The only exception was that pa-
ternal schooling was not associated with smok-
ing among girls. After adjustment, low paternal
schooling was a predictor of smoking among
boys, while low family income was associated
with smoking among girls.

In the past, wealthier individuals were more
likely than the poor to be smokers 17. However, in
recent decades an inverse association between
socioeconomic status and smoking prevalence
has been described 17. A literature review on risk
factors for smoking in Latin American adoles-
cents confirmed this finding 4. Because educa-
tional levels tend to be a marker of socioeconom-
ic status, the same inverse relationship has been
found between schooling and smoking 17.

Boys born to single mothers were more like-
ly to smoke in adolescence than those born to
two-parent families. This effect was not observed
among girls. This finding might be interpreted as
aconsequence of socioeconomic status, since the
prevalence of single mothers was higher among
the poor (20.3%) in comparison to the wealthy
(1.2%). However, this result persisted even after
adjusting for socioeconomic indicators. A litera-
ture review on risk factors for smoking found the
same association 4. Further research is needed to
explore why maternal marital status influences
smoking behavior in boys but not in gitls.

The role of parents’ behavior on adolescents’
smoking prevalence is complex. Maternal smok-
ing during pregnancy was associated with daily
smoking in girls, but not among boys. Paternal
alcohol-related problems were associated with a
three-to-fourfold increase in smoking prevalence
among girls, but had no effect on smokingamong



boys. Maternal and paternal smoking when co-
hort members were 2-4 years old did not predict
adolescents’ smoking behavior. In summary, pa-
rental behavior appears to be more important
in the determination of smoking in girls than in
boys. In a literature review 4, parental smoking
was associated with a greater likelihood of ado-
lescent smoking, but gender-stratified analyses
were not presented.

In summary, several variables were identified
as having a long-term effect on smoking in ado-
lescence. Interventions aimed at decreasing the
burden of smoking might take these variables in-

Resumo

A prevaléncia e os determinantes precoces do fumo na
adolescéncia foram investigados em uma coorte pros-
pectiva de nascimento no Brasil. Todos os nascidos vi-
vos em hospitais de Pelotas, no Sul do Brasil, em 1982
foram incluidos em um estudo de coorte de nascimen-
tos (N = 5.914; meninos: 3.037; meninas: 2.877). Todos
os participantes do sexo masculino foram procurados
em 2000 durante o alistamento militar, e 78,8% foram
localizados. Em 2001, uma amostra sistemdtica de 473
meninas foi entrevistada, representando uma taxa de
acompanhamento de 69,1%. Entre os homens, 48,6%
(IC95%: 46,6-50,7) jd haviam experimentado cigarro e
15,8% (1C95%: 14,3-17,3) eram fumantes didrios. Entre
as meninas, 53,1% (1C95%: 48,6-57,6) jd haviam ex-
perimentado cigarro e 15,4% (1C95%: 12,1-18,7) eram
fumantes didrias. Meninos filhos de maes solteiras e de
pais com baixa escolaridade tiveram maior probabili-
dade de fumar na adolescéncia. Meninas pertencentes
a familias de baixa renda, com maes que fumaram du-
rante a gravidez e pais com problemas relacionados ao
dlcool apresentaram maior probabilidade de fumar.
Embora a prevaléncia de fumo tenha sido similar en-
tre meninos e meninas, os fatores associados ao fumo
variaram entre os sexos. O ambiente social parece ser o
preditor mais forte do uso de tabaco na adolescéncia.

Tabaco; Comportamento na Adolescéncia; Estudos
Prospectivos
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to account. Risk factors for smoking among boys
are not consistent with those observed in girls,
and gender-stratified analyses are thus required.
Furthermore, “anti-smoking” campaigns should
take gender differences into account, focusing
separately on the most important aspects for
determining smoking behavior in each gender.
For example, family-based interventions may
be more successful at reducing smoking among
girls, because parental variables were more clear-
ly associated with girls’ behavior as compared to
that of boys.
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