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Abstract

Introduction

The aim of this study was to assess early determinants of attention and hyperactivity problems
in adolescents. In 1993, all hospital births in the
city of Pelotas, Rio Grande do Sul State, Brazil,
were monitored and mothers were interviewed
(N = 5,249). At 11 years of age, 4,423 mothers answered the Strengths and Difficulties Questionnaire (SDQ) in order to evaluate attention and
hyperactivity problems in the adolescents. Crude
and adjusted prevalence ratios were calculated
using Poisson regression. Prevalence of attention and hyperactivity problems was 19.9%. Factors associated with the outcome in the adjusted
analysis were: male gender, low family income,
smoking during pregnancy, minor psychiatric
disorders in the mother, and history of child’s behavioral/emotional problems at four years of age.
Early life events impacted attention and hyperactivity problems in adolescence. Risk factors for
attention and hyperactivity problems found in
this study were similar to those reported in other
cultures.

Attention deficit hyperactivity disorder (ADHD)
is characterized by persistent and severe symptoms of inattention, hyperactivity, and impulsiveness 1. With early onset, ADHD is one of the
main reasons for consulting pediatric mental
health services 2 and is among the most frequent mental disorders in childhood and adolescence 3. It can also have a negative impact on
scholastic performance and family and peer relations 3.
Although ADHD is a genetically determined
condition – approximately 75% of the variability in inattention and hyperactivity in population
samples is explained by genetic factors 3 –, various biological and environmental risk factors
also contribute to its etiology, probably exerting
their effect through interaction with genetic factors 4. Epidemiological studies 5,6 have shown
that ADHD is more common in children from
low-income families. Among the demographic
factors, gender is the principal predictor, and
the disorder is three times more frequent in boys
than in girls according to community studies 7.
Meanwhile, the findings for ethnic or racial differences in ADHD are less consistent 3,8.
Studies have reported a long-term effect of
maternal smoking during pregnancy 9,10, although the causal link between nicotine and
ADHD has not been well-established 11. Maternal alcohol consumption, pregnancy and birth
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complications, prematurity, and low birth weight
are other possible risk factors 3,4.
Children and adolescents with ADHD frequently present comorbidity with other mental
disorders and below-average intelligence quotient (IQ) 3. In addition, youngsters whose parents present a mental disorder have a higher likelihood of developing ADHD 3,12.
The current study aimed to investigate risk
factors present at birth and at four years of age for
later problems with attention and hyperactivity
in adolescents from a birth cohort in the city of
Pelotas, Rio Grande do Sul State, Brazil.

Methods
All hospital births in the city of Pelotas in 1993
were monitored. The mothers answered a questionnaire and the newborns were weighed and
measured. Sub-samples of these individuals were
visited at 1, 3, and 6 months and 1, 4, 6, and 9 years
of age. In 2004-2005, all the cohort members were
searched for a new follow-up, and 4,452 mothers
(representing 87.5% of the original cohort) were
interviewed. This article draws on data collected
at the perinatal visit and the 4 and 11-year followup visits. A detailed description of the follow-up
visits and study variables can be found in the
methods article in this Supplement 13.
The following variables were used from the
perinatal study (N = 5,249): family income (measured as times the prevailing minimum wage),
child’s sex, gestational age (date of last menstrual
period and Dubowitz method performed on the
first day of life in the newborns 14), birth weight
(newborns were weighed at birth with pediatric
scales, Filizola brand, São Paulo, Brazil, accurate
to 10g, calibrated weekly with standard weights),
intrauterine growth restriction (Kramer criterion), maternal complications during pregnancy
(mother’s hospitalization during the pregnancy),
smoking during pregnancy (mothers answered
“yes/no” as to whether they had smoked during the pregnancy), alcohol consumption during pregnancy (mothers answered “yes/no” as
to whether they had consumed alcohol during
the pregnancy), and perinatal complications (infant’s admission to the neonatal ICU).
When the children were four years of age, the
families were visited to assess the mental health
of a subsample of children from the cohort (n =
634), or half of the sample visited at 12 months.
This follow-up used the following variables: behavioral and emotional problems, assessed with
the Child Behavior Checklist (CBCL) 15, and IQ,
assessed with the Wechsler Preschool and Primary Scale of Intelligence (WPPSI) 16 in the children,

plus minor mental disorders presented by the
mothers, assessed by the Self-Report Questionnaire (SRQ-20) 17. The “IQ” variable was categorized in three groups. The first group included
children with high and medium-high IQ, the second included medium and medium-low IQ, and
the third group included borderline children and
those with mental disabilities. The variable “behavioral and emotional problems” was dichotomized, and the children with scores ≥ 2 standarddeviations (SD) were considered positive for this
outcome. The variable “maternal mental disorder” was dichotomized, and mothers with scores
≥ 8 were considered “positive” 17.
From the 2004-2005 follow-up (N = 4,452),
when the cohort members were an average of
11.3 years old (SD = 0.3), the study used the variables self-reported skin color (black and brown
were combined into one group) and attention
and hyperactivity problems. To evaluate attention and hyperactivity problems, 4,423 mothers or guardians answered the Strengths and
Difficulties Questionnaire (SDQ) 18. The SDQ is
a screening questionnaire that assesses mental
problems in children and adolescents in the six
months prior to the interview. It consists of 25
questions divided into five sub-scales with five
questions each, generating scores for emotional
symptoms, conduct problems, inattention, hyperactivity, problems with peer relations, and
pro-social behavior problems. For the outcome,
the study used a sub-scale of attention and hyperactivity problems from the parents’ version
of SDQ, since parents tend to report symptoms
of inattention and hyperactivity better than the
adolescents themselves 19. The SDQ was developed by Goodman 18 and validated in Brazil by
Fleitlich-Bilyk 20.
The WPPSI 16 was used to assess the children’s
IQ at four years. We used an abbreviated version
consisting of two verbal sub-tests (comprehension and arithmetic) and two executive sub-tests
(completing figures and building with blocks).
Developed by Wechsler, this scale was adapted in
Argentina 16.
The CBCL was used to assess behavioral and
emotional problems. It was developed by Achenbach 15 and adapted in Brazil by Bordin et al. 21.
The SRQ-20 assessed the presence of common (non-psychotic) mental disorders in mothers, especially depression and anxiety in the
previous month. This scale was developed by
Harding et al. 22 and validated in Brazil by Mari
& Williams 17.
The statistical analyses were performed with
Stata 9.0 (Stata Corp., College Station, USA) and
SPSS 13.0 (SPSS Inc., Chicago, USA). The outcome was the dichotomized score from the SDQ
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attention and hyperactivity scale. The cutoff for
the scale (score ≥ 8) was chosen based on a pilot
study, when a subsample of cohort participants
(n = 280) was extensively assessed using a semistructured interview, Development and Well-Being Assessment (DAWBA) 20. We used ROC curve
analyses with ADHD diagnosis according to the
Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) 1 as the parameter for determining the cutoff. The area below the curve for the
SDQ attention and hyperactivity scale was 0.80
(95% confidence level – 95%CI: 0.71; 0.88), when
compared to the ADHD diagnosis, was based on
the DAWBA for this cutoff.
In the descriptive analysis, prevalence rates
were obtained for attention and hyperactivity
problems with 95%CI, using chi-square tests for
heterogeneity or linear trend, seeking to compare
the proportions of attention and hyperactivity problems among the groups of independent
variables. Both the crude and adjusted analyses
used Poisson regression with robust adjustment
of variance 23.
The adjusted analysis followed a hierarchical conceptual model 24 according to the levels
of determination of hyperactivity problems and
with temporal data collection questions. At the
first level, the socioeconomic and demographic
variables were entered: family income and the
adolescent’s gender and skin color. The pregnancy variables collected at the perinatal follow-up
were entered at the second level: smoking and
alcohol consumption and maternal complications during pregnancy. The perinatal variables
were entered at the third level: prematurity,
intrauterine growth restriction, and perinatal
complications. The fourth level included the
psychological variables collected in the fourth
year: behavioral and emotional problems and
child’s IQ, plus mother’s mental disorder. The
next step included the variables with p < 0.20
in the previous stage in the analytical model. A
second adjusted analysis was performed, with
the aim of verifying the adequacy of the chosen
cutoff point for SDQ based on DAWBA. A linear
regression was performed with the same hierarchical strategy of including variables in the
model, but using the outcome (the SDQ parents’
score for attention and hyperactivity problem in
the children) continuously.
The project was approved by the Institutional
Review Board of the School of Medicine, Federal
University in Pelotas (UFPel). Parents or guardians signed a free and informed consent form
authorizing their own participation and that of
the children in the study. Mothers that requested
psychological care were referred to the adolescent mental health outpatient clinic at UFPel.
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Results
The prevalence of attention and hyperactivity problems was 19.9% (95%CI: 18.7; 21.1) at 11
years of age. Table 1 shows the prevalence and
confidence intervals for attention and hyperactivity problems according to the variables collected at birth. Male gender, black/brown skin
color, low family income, smoking, and pregnancy complications were associated with attention
and hyperactivity problems at 11 years. No statistically significant associations (p ≤ 0.05) were
found with the other perinatal variables.
Table 2 shows the prevalence of attention
and hyperactivity problems according to variables collected at the follow-up at four years of
age. Low IQ and behavioral/emotional problems
in the child and maternal psychiatric disorders
were associated with attention and hyperactivity
problems at 11 years.
Table 3 shows the crude and adjusted analysis using Poisson regression. The effect of family income and gender was not modified after
adjusting for confounding factors. Meanwhile,
skin color lost its association with attention and
hyperactivity problems after controlling for socioeconomic and demographic variables. Maternal smoking during pregnancy was the only
factor that remained statistically significant after
adjusting for the other socioeconomic, demographic, and gestational variables that entered
the second level of the equation. In this adjusted model, the child’s behavioral/emotional
problems and mother’s psychiatric disorder remained associated with attention and hyperactivity problems at 11 years. On the other hand,
the child’s IQ at four years did not remain associated after adjustment.
In the second adjusted linear regression
analysis with the continuous outcome, the final
model was very similar to that shown in Table 3.
The only change was in IQ, which remained associated with attention and hyperactivity problems, while behavioral/emotional problems did
not remain associated.

Discussion
Among the environmental, biological, and psychological variables that comprised the analytical model, five were associated with attention
and hyperactivity problems in early adolescence:
low family income, adolescent’s gender, smoking
during pregnancy, behavioral/emotional problems, and maternal mental disorder.
The increased risk of developing attention and
hyperactivity problems in adolescents from low-

EARLY DETERMINANTS OF ATTENTION AND HYPERACTIVITY PROBLEMS

Table 1
Prevalence of attention and hyperactivity problems in adolescence according to variables collected at birth. 1993 Pelotas
(Brazil) birth cohort study, 2004-2005 follow-up.
Variables

% (95%CI)

Gender

< 0.001

Female

16.0 (14.4-17.5)

Male

24.0 (22.2-25.7)

Skin color

0.017

White

18.7 (17.3-20.1)

Black/Brown

21.7 (19.4-24.0)

Family income (times minimum wage)
> 10

p-value

< 0.001
9.0 (5.8-12.2)

6.1-10

15.5 (11.6-19.4)

3.1-6

17.5 (15.2-19.8)

1.1-3

22.6 (20.7-24.5)

≤1

22.6 (19.7-25.5)

Smoking during pregnancy

< 0.001

No

17.8 (16.4-19.2)

Yes

24.1 (21.9-26.3)

Alcohol during pregnancy

0.169

No

19.7 (18.5-20.9)

Yes

23.5 (17.9-29.0)

Birth weight

0.366

Adequate (≥ 2,500g)

19.7 (18.5-20.9)

Low (< 2,500g)

21.6 (17.5-25.7)

Gestational age (weeks)

0.067

≥ 37

19.5 (18.2-20.7)

< 37 (premature)

23.0 (19.2-26.9)

Intrauterine growth restriction

0.131

No

19.2 (17.8-20.6)

Yes

21.4 (18.8-24.0)

Pregnancy complications

0.025

No hospitalization

19.5 (18.8-20.7)

With hospitalization

24.4 (20.0-28.9)

Perinatal complications

0.112

No neonatal ICU admission

19.7 (18.6-20.9)

Neonatal ICU admission

25.9 (17.5-34.3)

95%CI: 95% confidence interval.

income families may be related to their increased
exposure to environmental adversities and social
inequalities, such as: (1) parents with ADHD or
other mental illnesses; (2) increased exposure to
risk conditions, like birth complications; (3) less
access to medical care; and (4) a less stimulating family environment for the developmental
process 6. In this study, adjusting family income
for gestational and perinatal factors (second and
third levels) did not change the results, indicating
that the effect of family income on attention and
hyperactivity problems is independent of gestational risk factors and birth complications (data
not shown, but available).

Children with some type of behavioral or
emotional problem at 4 years showed higher
odds of presenting attention and hyperactivity problems at 11 years. This suggests that such
problems at 11 years were related to less specific
behavioral manifestations at 4 years, an age at
which the symptoms appear in less organized
form, but which were detected by the mental assessment in that follow-up visit. This finding has
important clinical implications, since it allows
early detection of psychopathological precursors
of attention and hyperactivity problems that appear at a later age, considering the difficulty in
diagnosing them in preschoolers 1.
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Table 2
Prevalence of attention and hyperactivity problems according to variables collected at 4 years of age. 1993 Pelotas (Brazil)
birth cohort study, 2004-2005 follow-up.
Variables

% (95%CI)

p-value

IQ

0.009
High

10.5 (4.1-16.8)

Medium

17.3 (13.3-21.2)

Low

27.1 (19.5-35.0)

Behavioral and emotional problems

0.001

No

17.1 (14.1-20.3)

Yes

50.0 (25.8-72.4)

Mother’s mental disorder

0.005

No

15.1 (11.6-18.6)

Yes

26.5 (19.9-33.3)

95%CI: 95% confidence interval.

Table 3
Crude and adjusted prevalence ratios (PR) with 95% confidence intervals (95%CI) for attention and hyperactivity problems according to independent variables.
1993 Pelotas (Brazil) birth cohort study, 2004-2005 follow-up.
Variables

Crude analysis
PR (95%CI)

Adolescent’s gender
1.00

< 0.001
1.46 (1.29-1.65)

0.004

White

1.00

0.09
1.00

1.16 (1.02-1.32)

Family income (times minimum wage)

1.11 (0.97-1.27)
< 0.001

> 10

< 0.001

1.00

1.00

6.1-10

1.72 (1.11-2.66)

1.53 (1.00-2.37)

3.1-6

1.95 (1.34-2.84)

1.86 (1.27-2.70)

1.1-3

2.51 (1.75-3.61)

2.30 (1.60-3.30)

≤1

2.51 (1.72-3.65)

2.36 (1.62-3.45)

Smoking during pregnancy

< 0.001

No

1.00

Yes

1.35 (1.20-1.53)

Alcohol during pregnancy
1.00

Yes

1.19 (0.93-1.52)

Birth weight

1.19 (0.93-1.53)

1.00
0.062

≥ 37

1.00
1.18 (0.99-1.41)

Intrauterine growth restriction

0.129

No

1.00

Yes

1.12 (0.97-1.29)

(continues)
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0.169
1.00

1.09 (0.90-1.34)

Gestational age (weeks)
< 37 (premature)

1.28 (1.13-1.45)

0.361

Adequate (≥ 2,500g)
Low (< 2,500g)

< 0.001
1.00

0.161

No

p-value

1.00

1.50 (1.33-1.69)

Skin color
Black/Brown

PR (95%CI)

< 0.001

Female
Male

Adjusted analysis
p-value

EARLY DETERMINANTS OF ATTENTION AND HYPERACTIVITY PROBLEMS

Table 3 (continued)
Variables

Crude analysis
PR (95%CI)

Pregnancy complications

p-value

1.00
1.25 (1.03-1.52)

Perinatal complications

0.100

No admission to neonatal ICU
With admission to neonatal ICU

PR (95%CI)

0.022

No hospitalization
With hospitalization

Adjusted analysis
p-value

1.00
1.31 (0.95-1.82)

IQ

0.003
High

0.114

1.00

1.00

Medium

1.65 (0.83-3.29)

1.42 (0.71-2.83)

Low

2.61 (1.28-5.35)

1.73 (0.83-3.61)

Behavioral and emotional problems

< 0.001

No

1.00

Yes

2.86 (1.67-4.87)

Mother’s mental disorder

0.011
1.00
2.32 (1.23-4.38)

0.003

0.039

No

1.00

1.00

Yes

1.76 (1.21-2.55)

1.50 (1.02-2.21)

Note: the effect of each variable was adjusted for the variables from the same level and higher with p < 0.20.

Maternal mental disorder was associated
with reporting of symptoms of inattention
and hyperactivity in the adolescents. Since the
mother’s mental health assessment preceded the
evaluation of the presence of ADHD symptoms,
it reinforces the existence of a causal relationship
between maternal mental disorder and attention
and hyperactivity problems in the adolescent. Although this relationship between mental health
problems in parents and attention and hyperactivity problems in children could be attributed to
the increased presence of family conflict when
the parents present mental illness 3,12, it can
probably be explained by genetic transmission
of the risk 3.
As expected, boys showed a higher risk of attention and hyperactivity problems. Neurobiological differences between the sexes makes boys
more vulnerable to all early-onset mental disorders 25, including ADHD. In addition, the symptoms of hyperactivity and impulsiveness (more
frequent in boys) are more easily identified by
parents and teachers than those of inattention 26
(more frequent in girls).
Maternal smoking remained associated with
attention and hyperactivity problems in the adjusted analysis, even after controlling for various gestational and perinatal variables and family income, corroborating the hypothesis that
smoking is an important risk factor to be considered in studies on ADHD. The association between smoking during pregnancy and externalization problems in children may be due more

to the environmental risk factors associated with
maternal smoking than to prenatal exposure to
nicotine. Thus, maternal smoking during pregnancy is correlated with various factors besides
externalization problems in children and adolescents, such as: low income, early pregnancy,
lack of prenatal care, and maternal depression,
among others. In addition, genetic factors can
confound this association. For example, pregnant women at increased genetic risk for antisocial disorder have a higher probability of smoking 27. Although the harmful consequences of
maternal smoking during pregnancy are widely
known, smoking prevalence is still high. In the
current study, approximately 33% of mothers
smoked during pregnancy; another birth cohort
study in the same city in 2004 showed that there
was still a 27.5% smoking prevalence rate during pregnancy 28, showing little change among
pregnant women in relation to this habit. Considering that this risk factor can be prevented,
public health strategies should focus on counseling pregnant women on the cognitive risks
for their offspring resulting from smoking during
pregnancy, in addition to other health hazards
for both the mother and child 10.
IQ assessed at four years did not remain associated with attention and hyperactivity problems in adolescence in the final Poisson regression model, although conceptually this association was expected 29. A possible explanation for
this lack of association was the smaller size of
the sample of children whose IQ was tested. Al-
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though the samples in each follow-up had different sizes, the power to detect differences was
higher for the perinatal variables (n = 5,249) than
at four years (n = 634). In addition, WPPSI (IQ)
and CBCL (behavioral and emotional problems)
evaluate some similar constructs, like attention
problems. According to the analysis adjusted by
linear regression with attention and hyperactivity
problems as a continuous variable, IQ remained
associated with the outcome. The role of IQ as an
independent risk factor for attention and hyperactivity problems needs to be explored in future
studies with broader cognitive assessments and
in the entire sample.
Black/brown skin color lost its association
with attention and hyperactivity problems after
controlling for family income, indicating that the
increased risk of such problems is related to the
effect of family income and not to race. Low birth
weight was not associated with attention and hyperactivity problems in the unadjusted and adjusted analyses. Although it is widely included as
a potential risk factor in the determination of attention and hyperactivity problems, various other

studies have also failed to find this association 30.
Studies have suggested that this association is
due more to low socioeconomic status or mental
disability than to low birth weight itself 31.
One limitation to this study was the use of a
screening (rather than diagnostic) instrument for
the outcome variable, although the SDQ shows
high diagnostic performance.
The predictors of attention and hyperactivity problems identified in this study have been
widely discussed in the literature as probable
risk factors for ADHD. However, our results were
obtained with a population-based study and the
information was collected prospectively, unlike
the previous findings, mostly from studies with
clinical samples including a smaller number
of subjects and data collected retrospectively.
The results confirm the importance of early-life
events for attention and hyperactivity problems
in adolescence. Comparison with findings from
studies performed in various countries 4,9,12,30
showed the similarity of risk factors for attention
and hyperactivity problems in different cultural
contexts.

Resumo
O objetivo deste trabalho foi estudar determinantes
precoces dos problemas de atenção e hiperatividade
em adolescentes. Em 1993, os nascimentos foram recrutados e as mães entrevistadas (n = 5.249). Aos 11
anos, 4.423 mães responderam ao Strengths and Difficulties Questionnaire (SDQ) para avaliar problemas
de atenção e hiperatividade nos adolescentes. Variáveis
socioeconômicas, demográficas, biológicas e psicológicas foram investigadas como prováveis fatores de risco. Razões de prevalência brutas e ajustadas foram
calculadas com regressão de Poisson. A prevalência de
problemas de atenção e hiperatividade foi 19,9%. Sexo
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masculino, baixa renda familiar, tabagismo materno
na gestação, transtornos psiquiátricos maternos e problemas de comportamento/emocionais do adolescente
aos quatro anos permaneceram associados na análise ajustada. Eventos do início da vida influenciaram
os problemas de atenção e hiperatividade na adolescência. Os fatores de risco para problemas de atenção
e hiperatividade foram similares aos encontrados em
diferentes culturas.
Transtorno do Déficit de Atenção com Hiperatividade;
Adolescente; Estudos de Coorte
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