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Abstract

In the late 1980’s child malnutrition was still prevalent in Brazil, and
child obesity was beginning to rise in the richest regions of the
country. To assess the extent of the nutritional transition during the
period and the influence of birth weight and maternal smoking on the
nutritional condition of schoolchildren, we estimated the prevalence
of excess weight and malnutrition in a cohort of Brazilian schoolchil-
dren from 1987 to 1989. We calculated the body mass index (BMI) of
8- to 10-year-old schoolchildren born in Ribeirão Preto in 1978/79.
We considered children with a BMI <5th percentile (P5) to be mal-
nourished, children with P5≥BMI<P85 to be thin and normal, and
children with BMI ≥P85 to be overweight. We evaluated the associa-
tion of these nutritional disorders with birth factors (infant weight,
sex, preterm delivery, number of pregnancies, maternal smoking
during pregnancy, marital status, and schooling) and type of school
using nominal logistic regression. A total of 2797 schoolchildren were
evaluated. There was a significant prevalence of malnutrition (9.5%)
and excess weight already tended to increase (15.7%), while 6.4% of
the children were obese. Excess weight was more prevalent among
children attending private schools (odds ratio, OR = 2.27) and first-
born children (OR = 1.69). Maternal smoking during pregnancy
protected against malnutrition (OR = 0.56), while children with lower
birth weight were at higher risk for malnutrition (OR = 4.23). We
conclude that a nutritional transition was under way while malnutri-
tion was still present, but excess weight and related factors were
already emerging.

Correspondence
H. Bettiol

Departamento de Puericultura

e Pediatria, FMRP, USP

Avenida Bandeirantes, 3900

14049-900 Ribeirão Preto, SP

Brasil

Fax: +55-16-3602-2700

E-mail: hbettiol@fmrp.usp.br

Research supported by CNPq, Nestlé

Comercial e Industrial Ltda., and

FAPESP (No. 05/54463-5).

Received November 20, 2006

Accepted June 21, 2007

Key words
• Child malnutrition
• Child obesity
• Body mass index
• Schoolchildren
• Socioeconomic level



1222

Braz J Med Biol Res 40(9) 2007

F.S. Tomé et al.

www.bjournal.com.br

Introduction

Nutritional transition, representing a
change from a high prevalence of malnutri-
tion and infectious diseases to the predomi-
nance of obesity and non-communicable
chronic diseases (1), accompanies the pro-
cesses of rapid urbanization and of eco-
nomic and technological growth that modify
dietary, physical activity and life style pat-
terns (2).

Nutritional transition has been observed
in Brazil for more than 30 years. Two na-
tionally representative cross-sectional stud-
ies conducted in 1974 and 1989 have shown
that malnutrition, although still relevant
among children of the poorest economic
strata, has been declining among children
and adults of all social strata (3). During this
time, an increase in obesity has been ob-
served among men and women. Income and
body mass index (BMI) were inversely cor-
related among wealthier women, while the
highest prevalence of obesity was observed
in the middle income group. The poorest
women, with a prevalence of obesity of 9.7%,
could no longer be considered to be pro-
tected against obesity. The 1989 study
showed that malnutrition among children
and obesity among women were the major
nutritional problems in the country, with
obesity being expressive among adults and
children in the urban areas of the South and
Southeast. Malnutrition was prevalent only
among men, women and children living in
rural areas of the Northeast, the poorest re-
gion of Brazil (4). In 1990, the Instituto
Nacional de Alimentação e Nutrição (Na-
tional Institute of Diet and Nutrition) pointed
out that obesity was already present in 16%
of children (5).

Child obesity, in addition to being re-
lated to genetic and life style factors, is
related to factors present during intrauterine
life or arising during the earliest ages (6-13).
The relation between birth size and the risk
to develop obesity is still controversial.

Barker (14) reported that children of low
weight at birth or during childhood have a
higher prevalence of risk factors for cardio-
vascular disease and type 2 diabetes during
adulthood than children with a normal birth
weight and adequate growth during child-
hood. This investigator detected a U-shaped
association between birth measurements and
risk factors for coronary disease and high
mortality due to this disease among adults.
Both the lowest and the highest measure-
ment values at birth involved a greater pro-
portion of people with risk factors for these
diseases (15). However, this U-shaped asso-
ciation was not observed between groups of
birth weight and length according to gesta-
tional age and excess weight in young men
(16).

An association between maternal smok-
ing during pregnancy and excess weight in
other phases of life has been reported, with
this effect being dose-dependent in child-
hood (9) and independent of intrauterine
growth restriction, and being attributable to
the specific effect of cigarettes (6). Appar-
ently, only mothers who smoke early during
pregnancy have children with excess weight
(17). The association between obesity and
maternal smoking is observed in early child-
hood (7,18) and also during school age (19)
and is stronger at later ages (18).

The objective of the present study was to
estimate the prevalence of excess weight
(overweight and obesity) and malnutrition
in a cohort of Brazilian children of school
age between 1987 and 1989 based on BMI in
order to assess the extent of the nutritional
transition during this period, and to deter-
mine the influence of birth weight and of
maternal smoking on the nutritional condi-
tion of the schoolchildren.

Material and Methods

The present study was conducted in 1987/
89 during the second evaluation of the co-
hort of liveborns delivered at hospitals in
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Ribeirão Preto, SP, Brazil, in 1978/79, when
the participants were of school age.

The data of the 6827 newborn singleton
infants were collected between June 1978
and May 1979 at the 8 hospitals in the city of
Ribeirão Preto which provided maternity
services at the time and which attended jointly
all social classes. Questionnaires containing
items about parents, income, pregnancy and
delivery, the newborn infant and child death
(when it occurred), ethnic group, and human
reproduction were elaborated and answered
by the mothers after delivery. The informa-
tion was obtained by interviewing the moth-
ers and by consulting the medical records of
the maternity hospitals containing the an-
thropometric measurements of the newborn
infants (weight, length, and head circumfer-
ence at birth). The data were collected by
trained personnel and the anthropometric
measurements were made using standard
methods (20). Details regarding the method-
ology of the initial study have been pub-
lished (21,22).

Taking into consideration the fact that
Ribeirão Preto presented high rates of access
to school (86%) and literacy and low emi-
gration rates (less than 1%) (22) during the
period of reevaluation of the children, the
data for the schoolchildren were collected
between the second semester of 1987 and
the end of 1989 at state, municipal and pri-
vate schools (76 schools). A total of 2898
children aged 8 to 11 years (42.4% of the
original cohort) for whom birth and school
age information was available were evalu-
ated. Data concerning age, sex, type of
school, and anthropometric measurements
of the children (weight, height and head
circumference) were recorded on individual
cards by standardized techniques (20) and
were collected by personnel trained by the
coordinators of the study.

The BMI values of the children were
calculated and the children were classified
as follows according to the percentiles de-
fined by Must et al. (23): malnourished,

BMI below the 5th percentile (<P5); thin, P5
to <P50; normal, P50 to <P85; overweight,
P85 to <P95; obese, ≥P95. For this calcula-
tion the ages of the schoolchildren were
defined as complete years at 12-month inter-
vals (the 6 months preceding and the 6 months
following each age in complete years): 8
years (101 to 102 months), 9 years (103 to
114 months), 10 years (115 to 126 months).

Birth weight, in grams, was defined as an
independent variable and categorized as fol-
lows: <2500; 2500|3000; 3000|3500;
3500|4000 and ≥4000 g. The control vari-
ables obtained at birth were: newborn’s sex,
number of pregnancies (1, 2 or 3, 4 or more),
maternal smoking habit during pregnancy
(yes; no), preterm birth (yes if the duration
of gestation was <37 weeks; no, if ≥37 com-
plete weeks); mother’s marital status (with
or without a companion), and maternal
schooling in complete years (0 to 4, 5 to 8, 9
to 11, ≥12 years). The control variable ob-
tained at school age was type of school:
public in a peripheral neighborhood, paid
private, free private (philanthropic), and pub-
lic in an intermediate neighborhood. Periph-
eral neighborhoods were those designed for
popular housing projects consisting of small
houses without any extras such as a sur-
rounding wall or a patio, with no finishing
and built on small lots. There were several
slums. Basic sanitation was present in about
70% of the dwellings and public day-care
centers were concentrated in these neigh-
borhoods. Intermediate neighborhoods were
of two types: those with a medium construc-
tion quality, with full basic sanitation and
permitting the construction of residential
buildings with up to 3 stories as well as the
functioning of commercial enterprises usu-
ally consisting of private health clinics, small
supermarkets, bars, bakeries, and unsophis-
ticated diversified commerce. The other type
consisted of medium quality neighborhoods
but simpler than the previous group, com-
prising most of the traditional neighborhoods
close to downtown, with quite simple old



1224

Braz J Med Biol Res 40(9) 2007

F.S. Tomé et al.

www.bjournal.com.br

and new buildings, and also popular housing
projects that had already been improved in
terms of construction, with complete basic
sanitation, health centers, assistance day-
care centers, and commerce consisting of
bars, bakeries, and simple supermarkets.

Gestational age was calculated accord-
ing to date of last normal menstrual period
reported by the mother during the postpar-
tum interview. When the date was unknown,

the duration of pregnancy was implausible
(less than 20 or more than 50 weeks), or birth
weight was incompatible with gestational
age, the latter was imputed in a linear regres-
sion model. Birth weight, parity, newborn’s
sex, and family income were used to impute
gestational age (24).

Thirty-seven twin births and 64 children
(36 boys and 28 girls) who were 11 years old
at the time of school evaluation were ex-
cluded from the study since these 64 chil-
dren might have already started the pubertal
growth spurt. Thus, a total of 2797 children
(1415 boys and 1382 girls) were left in the
study.

In the exploratory analysis of the data,
frequency tables were constructed and the
chi-square test was applied to evaluate the
association between qualitative variables. A
polytomic (nominal) logistic regression mo-
del was constructed since the response vari-
able considered (BMI) was reclassified into
three categories BMI <P5: malnourished;
BMI from P5 to <P85: normal; BMI ≥P85:
excess weight, with birth weight being the
independent variable. The control variables
described previously (newborn sex, number
of pregnancies, maternal smoking during
pregnancy, preterm birth, mother’s marital
status, maternal schooling, type of school)
were used for adjusted analysis. All analyses
were performed using the Minitab 14 statis-
tical package.

Results

In the present study, the most prevalent
age group was 10 years (68.6%), with 30.9%
of the children being 9 years old and only
0.5% being 8 years old. A total of 266 chil-
dren (9.5%) were classified as malnourished,
2090 (74.8%) as thin or normal and 438
(15.7%) as having excess weight, with 261
(9.3%) of them being overweight (BMI from
P85 to P94.9) and 177 (6.4%) being obese
(BMI ≥P95).

The children with lowest birth weight

Table 1. Comparison of the characteristics of the cohort at birth with those who
participated in the second phase of the study. Ribeirão Preto, 1978/79 and 1987/89.

Variables Initial population Individuals not Individuals
in 1978/79 (excluding interviewed in  interviewed
257 deaths up to the 1987/89  in 1987/89
1st year) (N = 6570) (N = 3773)  (N = 2797)

Birth weight*
<2500 391 (5.9%) 255 (6.9%) 136 (4.9%)
2500 to 2999 1368 (20.8%) 817 (21.6%) 551 (19.7%)
3000 to 3499 2670 (40.6%) 1514 (40.1%) 1156 (41.3%)
3500 to 3999 1695 (25.8%) 938 (24.8%) 757 (27.0%)
≥4000 445 (6.8%) 249 (6.6%) 196 (7.0%)
Missing 1 (0.1%) 0 (0.0%) 1 (0.1%)

Sex
Male 3375 (51.4%) 1960 (51.9%) 1415 (50.6%)
Female 3195 (48.6%) 1813 (48.1%) 1382 (49.4%)

Preterm birth
Yes 398 (6.1%) 239 (6.3%) 159 (5.7%)
No 6172 (93.9%) 3534 (93.7%) 2638 (94.3%)

Maternal schooling (years)*
0 to 4 3245 (49.4%) 2020 (53.5%) 1225 (43.8%)
5 to 8 1627 (24.8%) 856 (22.7%) 771 (27.6%)
9 to 11 878 (13.4%) 441 (11.7%) 437 (15.6%)
≥12 659 (10.0%) 357 (9.5%) 302 (10.8%)
Missing 161 (2.4%) 99 (2.6%) 62 (2.2%)

Mother’s marital status*
With a companion 6065 (92.3%) 3440 (91.2%) 2625 (93.9%)
Without a companion 431 (6.6%) 287 (7.6%) 144 (5.1%)
Missing 74 (1.1%) 46 (1.2%) 28 (1.0%)

No. of pregnancies*
1 2117 (32.2%) 1150 (30.5%) 967 (34.6%)
2 to 3 2788 (42.4%) 1579 (41.9%) 1209 (43.2%)
≥4 1489 (22.7%) 932 (24.7%) 557 (19.9%)
Missing 176 (2.7%) 112 (2.9%) 64 (2.3%)

Maternal smoking*
Yes 1836 (27.9%) 1127 (29.9%) 709 (25.4%)
No 4553 (69.3%) 2529 (67.0%) 2024 (72.4%)
Missing 181 (2.8%) 117 (3.1%) 64 (2.2%)

Data are reported as number with percent in parentheses. The “missing” category was
not included in the tests.
*P < 0.05 comparing those interviewed with those not interviewed in 1987/1989 (chi-
square test).
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whose mothers had low schooling, had no
companion, were multiparous, or smoked
during pregnancy had lower follow-up rates
(Table 1).

Table 2 presents the distribution of BMI
according to the characteristics of the study
population. There was association between
birth weight and BMI at school age; new-
born infants of low birth weight (<2500 g)
presented a greater proportion of malnutri-
tion (14%) than of excess weight (9.5%),
whereas the percentage of newborn infants
weighing more than 4000 g who were mal-
nourished was small (3.1%) and one quarter
of them had excess weight (24.5%). Chil-
dren whose mothers had a high level of
schooling (≥12 years) and who were first-
born presented higher than expected propor-
tions of excess weight (26.2 and 18.6%,
respectively). Children of mothers without a
companion had a low proportion of excess
weight (9.1%) and a high proportion of mal-
nutrition (14%). Only 7.2% of children of
mothers who smoked were malnourished at
8-10 years of age. Children attending private
schools presented low malnutrition (3.9%)
and a high prevalence of excess weight
(25.9%).

Table 3 presents the crude odds ratio
(OR) for the birth weight variable and for the
control variables in relation to the BMI of
malnourished children and of children with
excess weight, with the category of normal
children being considered as a reference.
Low birth weight children had a higher risk
to develop malnutrition during school age
(OR = 4.32) than children of normal birth
weight, whereas an inverse relationship was
observed for excess weight. Children of
mothers who smoked presented a lower risk
for malnutrition at 8-10 years of age (OR =
0.65), with no significant relationship being
observed between maternal smoking and
excess weight in this group of schoolchil-
dren. There was an association of excess
weight with firstborn children (OR = 1.93),
as well as with type of school attended by the

child. Children attending private schools were
at lower risk for malnutrition and at higher
risk for excess weight compared to normal
children, with the latter effect being also
observed in public schools of intermediate
neighborhoods. Mothers with low schooling
(up to 4 years) were at higher risk to have
malnourished children (OR = 2.18) and at
lower risk to have children with excess weight
(OR = 0.42), as also observed for mothers

Table 2. Frequency of early life and childhood variables according to body mass index
percentile distribution of the schoolchildren.

Variables Body mass index

<P5 P5 to P84.9 ≥P85

Birth weight*
<2500 19 (14.0%) 104 (76.5%) 13 (9.5%)
2500 to 2999 73 (13.3%) 417 (75.8%) 60 (10.9%)
3000 to 3499 134 (11.6%) 856 (74.0%) 166 (14.4%)
3500 to 3999 34 (4.5%) 570 (75.5%) 151 (20.0%)
≥4000 6 (3.1%) 142 (72.4%) 48 (24.5%)

Sex
Male 125 (8.9%) 1063 (75.2%) 225 (15.9%)
Female 141 (10.2%) 1027 (74.4%) 213 (15.4%)

Preterm birth
Yes 20 (12.6%) 120 (75.5%) 19 (11.9%)
No 246 (9.3%) 1970 (74.8%) 419 (15.9%)

Maternal schooling (years)*
0 to 4 137 (11.2%) 939 (76.7%) 148 (12.1%)
5 to 8 80 (10.4%) 575 (74.6%) 116 (15.0%)
9 to 11 33 (7.6%) 319 (73.3%) 83 (19.1%)
≥12 14 (4.6%) 209 (69.2%) 79 (26.2%)

Mother’s marital status*
With a companion 245 (9.3%) 1959 (74.7%) 419 (16.0%)
Without a companion 20 (14.0%) 110 (76.9%) 13 (9.1%)

No. of pregnancies*
1 97 (10.1%) 689 (71.3%) 180 (18.6%)
2 to 3 113 (9.4%) 907 (75.1%) 187 (15.5%)
≥4 54 (9.7%) 443 (79.5%) 60 (10.8%)

Maternal smoking*
Yes 51 (7.2%) 547 (77.4%) 109 (15.4%)
No 213 (10.5%) 1492 (73.8%) 318 (15.7%)

Type of school*
Philanthropic 51 (14.2%) 269 (74.9%) 39 (10.9%)
Public IN 134 (9.1%) 1096 (74.4%) 244 (16.5%)
Private 16 (3.9%) 287 (70.2%) 106 (25.9%)
Public PN 65 (11.8%) 438 (79.3%) 49 (8.9%)
Total 266 (9.5%) 2090 (74.8%) 438 (15.7%)

Data are reported as number with percent in parentheses. Public IN = public school in
an intermediate neighborhood; Public PN = public school in a peripheral neighbor-
hood. Totals may differ for some variables because of missing values.
*P < 0.05 for comparison of body mass index with each variable (chi-square test).
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were practically no changes compared to
non-adjusted analysis, except for maternal
schooling, which was no longer associated
with the nutritional status of the schoolchil-
dren.

Discussion

Almost double the expected percentage
of malnourished children (9.5%) and a per-
centage slightly above the expected value
(15.7%) of schoolchildren with excess weight
were detected in the present study, denoting
a still high prevalence of malnourished chil-
dren in the years from 1987 to 1989, al-
though the prevalence of obesity already
tended to increase in population studies con-
ducted during the same period (4,5).

The present findings indicate that there
was a selective loss of follow-up of the
initial cohort since socially disadvantaged
individuals, i.e., children of mothers with
lower schooling, without a companion, with
many children and who smoked during preg-
nancy, in addition to low birth weight (LBW)
children had lower participation rates in the
study. However, even though the differences
were significant due to the large sample size,
percent differences were small. Since the
Ribeirão Preto region is developed and the
rate of access to school is high, possibly
disadvantaged children had a lower access
to school or had higher drop-out rates start-
ing from second grade of elementary school
when they reached the lowest age covered
by the study (8 years). Thus, the prevalence
of malnutrition may have been slightly un-
derestimated in the present study.

In the years from 1987 to 1989, Brazil
was going through a process of political and
social reorganization, with a progressive
improvement of the economy and of the
resources for health promotion and disease
prevention and a greater access to industrial-
ized goods (25). However, the reduction of
birth rates, the improvement of basic sanita-
tion, the protection against infectious dis-

with 5 to 8 years of schooling (OR = 2.08
and 0.53 for malnutrition and excess weight,
respectively). Children of mothers with 9 to
11 years of schooling were at lower risk for
excess weight (OR = 0.69). Newborn sex,
mother’s marital status and preterm birth
were not associated with the nutritional sta-
tus of schoolchildren.

Table 4 presents OR values adjusted with
the nominal logistic regression model. There

Table 3. Crude odds ratio for the comparison between the malnourished (<P5) and thin
and normal (P5 to P84.9) classifications and between the excess weight (≥P85) and thin
and normal (P5 to P84.9) classifications.

Variables Nutritional status

<P5 with P5 to P84.9 ≥P85 with P5 to P84.9
OR (95%CI) OR (95%CI)

Birth weight
<2500 4.32 (1.67;11.20) 0.37 (0.19;0.72)
2500 to 2999 4.14 (1.76;9.73) 0.43 (0.28;0.65)
3000 to 3499 3.70 (1.60;8.56) 0.57 (0.40;0.83)
3500 to 3999 1.41 (0.58;3.43) 0.78 (0.54;1.14)
≥4000 1 1

Sex
Male 0.86 (0.66;1.11) 1.02 (0.83;1.25)
Female 1 1

Preterm birth
Yes 1.33 (0.82;2.18) 0.74 (0.45;1.22)
No 1 1

Maternal schooling (years)
0 to 4 2.18 (1.23;3.85) 0.42 (0.31;0.57)
5 to 8 2.08 (1.15;3.74) 0.53 (0.38;0.74)
9 to 11 1.54 (0.81;2.96) 0.69 (0.48;0.98)
≥12 1 1

Mother’s marital status
With a companion 0.69 (0.42;1.13) 1.81 (1.01;3.25)
Without a companion 1 1

No. of pregnancies
1 1.15 (0.81;1.64) 1.93 (1.41;2.64)
2 to 3 1.02 (0.72;1.44) 1.52 (1.11;2.08)
≥4 1 1

Maternal smoking
Yes 0.65 (0.47;0.90) 0.93 (0.74;1.19)
No 1 1

Type of school
Public PN 1 1
Philanthropic 1.28 (0.86;1.90) 1.30 (0.83;2.03)
Public IN 0.82 (0.60;1.13) 1.99 (1.44;2.76)
Private 0.38 (0.21;0.66) 3.30 (2.28;4.78)

Data are reported as odds ratio (OR) with 95% confidence intervals (CI) in parentheses.
Public PN = public school in a peripheral neighborhood. Public IN = public school in an
intermediate neighborhood.
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eases mainly due to immunization, the in-
creased schooling of the mothers, the changes
in the profile of dietary consumption, and
the access to basic health actions have led to
a change in the epidemiological profile of
the Brazilian population, especially regard-
ing the nutritional problems (26,27). A
change in the prevalence of obesity was
clearly occurring (28). The prevalence of
child obesity was already increasing in the
country, especially among the upper social
classes (3,5). However, significant rates of
malnutrition were still observed, showing
that the environmental factors determining
this disease were still highly prevalent dur-
ing childhood.

The present data reflect this period of
change since a higher than expected per-
centage of malnourished children was ob-
served, although an increase in the preva-
lence of excess weight slightly above the
expected upper limit was already emerging
and was associated with a higher socioeco-
nomic level. The relationship observed in
this respect was that richer children (those
studying in private schools and in public
schools in intermediate neighborhoods) were
at lower risk for malnutrition and at higher
risk for obesity, as is still the case in emerg-
ing countries such as Indonesia, where mal-
nutrition is related to poverty, whereas obe-
sity is more related to prosperity (29). Re-
cent studies conducted in Brazil have dem-
onstrated that the prevalence of excess weight
in children is still higher in the more privi-
leged socioeconomic strata (30-32), whereas
in developed countries this prevalence is
higher among children of low socioeconomic
level (33).

LBW was associated with a higher risk to
develop malnutrition, with a progressive re-
duction of the risk for greater birth weight.
This association was detected in previous
studies (34), although recent investigations
have shown an inverse relationship, i.e., LBW
predisposes to the development of obesity in
childhood and is also associated with a higher

risk for cardiovascular diseases during adult
age (14,35). These findings are explained by
the existence of a period of development
when the organic systems are plastic and
sensitive to the action of environmental
agents, followed by loss of plasticity and by
the establishment of fixed functional capac-
ity. In this respect, the intrauterine period is
highly significant since it is the time of
development of different organic systems

Table 4. Adjusted odds ratio for the comparison between the malnourished (<P5) and
thin and normal (P5 to P84.9) classifications and between the excess weight (≥P85) and
thin and normal (P5 to P84.9) classifications.

Variables Nutritional status

<P5 with P5 to P84.9 ≥P85 with P5 to P84.9
OR (95%CI) OR (95%CI)

Birth weight
<2500 4.23 (1.54;11.62) 0.41 (0.19;0.86)
2500 to 2999 4.22 (1.78;9.98) 0.44 (0.28;0.69)
3000 to 3499 3.73 (1.61;8.66) 0.62 (0.42;0.91)
3500 to 3999 1.40 (0.57;3.41) 0.78 (0.53;1.15)
≥4000 1 1

Sex
Male 0.91 (0.70;1.18) 0.96 (0.77;1.19)
Female 1 1

Preterm birth
Yes 1.02 (0.57;1.81) 1.12 (0.64;1.97)
No 1 1

Maternal schooling (years)
0 to 4 1.49 (0.78;2.84) 0.70 (0.48;1.04)
5 to 8 1.45 (0.76;2.78) 0.74 (0.50;1.08)
9 to 11 1.26 (0.64;2.49) 0.81 (0.55;1.17)
≥12 1 1

Mother’s marital status
With a companion 0.73 (0.43;1.22) 1.71 (0.94;3.12)
Without a companion 1 1

No. of pregnancies
1 1.26 (0.86;1.84) 1.69 (1.21;2.36)
2 to 3 1.12 (0.78;1.60) 1.35 (0.98;1.87)
≥4 1 1

Maternal smoking
Yes 0.56 (0.40;0.78) 1.07 (0.84;1.37)
No 1 1

Type of school
Public PN 1 1
Philanthropic 1.24 (0.82;1.87) 1.17 (0.74;1.84)
Public IN 0.86 (0.62;1.20) 1.75 (1.25;2.46)
Private 0.48 (0.25;0.91) 2.27 (1.47;3.53)

Data are reported as odds ratio (OR) with 95% confidence intervals (CI) in parentheses.
Public PN = public school in a peripheral neighborhood. Public IN = public school in an
intermediate neighborhood.
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when metabolic, physiological and struc-
tural changes may become permanent (the
“programming” theory) (14).

The influences that restrict fetal growth
during intrauterine life promote adaptive
changes in the fetus regarding its energy
reserves, which are essential for its survival
in this environment. However, when nutri-
ents are offered in abundance after birth this
is interpreted as a lack of adaptation, leading
to obesity. In several studies, children with
LBW presented a postnatal catch-up that
predisposed them to an increased risk to
develop childhood obesity and cardiovascu-
lar diseases during adult life (10,14,35). A
possible explanation for the discordant find-
ings of the present study in this respect is that
this relation applies to modern societies char-
acterized by a more sedentary life style and
by eating habits involving more caloric foods
(5). The significant rates of malnutrition ob-
served during the period of the present study
suggest that the environmental factors caus-
ing malnutrition were still present and the
life and dietary styles that might lead chil-
dren of LBW to present a catch-up that
would favor the development of excess
weight had not been well established. This
hypothesis is corroborated by the observa-
tion that the boys of this cohort with a smaller
birth weight had a lower BMI at 18 years of
age (36), with the U-shaped association re-
ported by others (15) being absent. The pre-
dominance of malnutrition during earlier
phases of life in most of these children prob-
ably contributed to their lower BMI at the
end of adolescence. However, among the
boys who had intrauterine growth restriction
and had excess weight at school age, the
BMI at 18 years was higher than that of boys
who had normal intrauterine growth and
normal BMI at school age (37). This finding
suggests that for these children with intra-
uterine growth restriction excess weight
at school age caused disequilibrium in the
adaptive processes developed for intrauter-
ine survival and was deleterious for health in

later life (38).
Children born to mothers who smoked

during pregnancy had a lower risk to de-
velop childhood malnutrition. A recent re-
view on prenatal programming of childhood
overweight and obesity pointed out that the
eight selected studies which examined the
relationship between prenatal exposure to
maternal smoking and childhood overweight
and obesity found fair to good evidence in
support of a causal relationship between pre-
natal tobacco exposure and fatness in child-
hood (39). The association of prenatal expo-
sure to tobacco with offspring obesity has
been observed in studies both at early ages
such as 3 years (7,17) and at the age when
the child starts school (5 and 6 years) (9,19)
or at 8 years of age, even though in the last
study (18) the effect was more modest. Chil-
dren of smoking mothers, although smaller
at birth than children born to non-smoking
mothers, present an accelerated growth dur-
ing the first 12 years of life (10,40). The
relationship between maternal smoking and
accelerate growth is not influenced by other
factors such as breast-feeding, birth weight
or postnatal smoking habit since the associa-
tion persisted even after adjustment for these
factors, being explained by physiological or
structural changes provoked by the sub-
stances present in cigarettes that occur dur-
ing the period of greatest plasticity of an
individual. The relationship between smok-
ing and the adaptive changes it produces is
demonstrated by the existence of a causal
relation between the number of cigarettes
smoked by the mother and an increased risk
of higher BMI values of the schoolchildren,
as reported elsewhere (6). We may speculate
that in this population studied at school age
and still presenting significant rates of mal-
nutrition it was not possible to observe the
effect of the metabolic changes provoked by
smoking that lead to excess weight at later
ages, but that signs of this possibility in the
future were already present since these chil-
dren were protected from malnutrition. This
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hypothesis is strengthened by the observa-
tion that conscripts of this same cohort whose
mothers had smoked during pregnancy had
a higher BMI at 18 years of age (36).

We observed that firstborn children were
at a higher risk of excess weight. In a Swed-
ish study (16) the risk for excess weight and
obesity was slightly higher at 18 years of age
among men from families with an only child
than among men from families with two
children, and increased again among chil-
dren of families with three or more children.
Another study has shown that these children
are thinner at birth but catch up in growth
during the first year of life, becoming heavier
and taller than children that are not first-
borns (10). The explanations for these find-
ings are closely similar to those found for
LBW and maternal smoking habit. The fact
that these children had a lower birth weight
compared to controls may reflect the occur-
rence of adaptive changes during the intra-

uterine period that increase the risk for obe-
sity when there is abundance of food after
birth (10). However, firstborn children live
as only children for a period of time, a fact
that may reflect a greater offer of food,
greater attention and lack of experience with
child care on the part of the mother com-
pared to children born after subsequent preg-
nancies.

We conclude that changes in the nutri-
tional patterns of the population were al-
ready evident in 1987 and 1989. Child mal-
nutrition was still present but excess weight
and related factors were emerging. LBW
favored a greater risk of malnutrition during
school age and was not related to a greater
risk of excess weight, whereas maternal
smoking during pregnancy protected from
malnutrition but was not associated with
excess weight. Excess weight became an
emergent problem in the more privileged
social classes and among firstborn children.
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