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Do early life factors influence body
mass index in adolescents?
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Abstract

The association between early life factors and body mass index (BMI)
in adulthood has been demonstrated in developed countries. The aim
of the present study was to assess the influence of early life factors
(birth weight, gestational age, maternal smoking, and social class) on
BMI in young adulthood with adjustment for adult socioeconomic
position. A cohort study was carried out in 1978/79 with 6827 mother-
child pairs from Ribeirão Preto city, located in the most developed
economic area of the country. Biological, economic and social vari-
ables and newborn anthropometric measurements were obtained shortly
after delivery. In 1996, 1189 males from this cohort, 34.3% of the
original male population, were submitted to anthropometric measure-
ments and were asked about their current schooling on the occasion of
army recruitment. A multiple linear regression model was applied to
determine variables associated with BMI. Mean BMI was 22.7 (95%CI
= 22.5-23.0). After adjustment, BMI was 1.22 kg/m2 higher among
infants born with high birth weight (≥4000 g), 1.21 kg/m2 higher
among individuals of low social class at birth and 0.69 kg/m2 higher
among individuals whose mothers smoked during pregnancy (P <
0.05). The association between social class at birth and BMI remained
statistically significant (P < 0.05) even after adjustment for adult
schooling. These findings suggest that early life social influences on
BMI were more important and were not reversed by late socioeco-
nomic position. Therefore, prevention of overweight and obesity
should focus not only on changes in adult life styles but also on factors
such as high birth weight.
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Introduction

In developed countries, the association
between early life factors (biological charac-
teristics, social background and environment
at birth and childhood) and body mass index
(BMI) in adulthood has been demonstrated

in the medical literature (1-4). Studies have
demonstrated that heavy newborns tend to
have higher BMI in adolescence (5,6). More-
over, this association also seems to be af-
fected by the pattern of weight gain during
infancy. It appears that the level of adiposity
is directly related to a long-standing weight
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catch up until later in infancy in individuals
who were born small for gestational age (7).
Therefore, both low and high birth weight
groups seem to be related to increased BMI
in later life through different mechanisms.

The association between social class and
BMI seems to differ between developed and
developing countries. In developed coun-
tries there is an inverse association between
social class and BMI, whereas in some de-
veloping countries individuals of higher so-
cial classes present a higher BMI (8,9). In
Brazil, national cross-sectional studies have
pointed out that, over the last 30 years, BMI
has been higher in most developed areas and
in more privileged social strata (10,11).

Among environmental factors influenc-
ing BMI in adulthood, special attention has
been paid to maternal smoking, consistently
related to increased fatty mass in late in-
fancy and in adulthood (12). The probable
mechanism involved appears to be inde-
pendent of birth weight, affecting food pref-
erences and changes in nutritional metabo-
lism (13). In Brazil, however, as far we
know, no study has demonstrated such asso-
ciation.

In the present investigation, data from a
birth cohort study carried out in Ribeirão
Preto, in 1978/79, were used to investigate
the association between early social factors,
especially birth weight, social class and mater-
nal smoking, and BMI in late adolescence.

Subjects and Methods

A hospital-based cohort study was car-
ried out in Ribeirão Preto, Brazil, in 1978/
79, involving all singleton live births. This
city is located in the most developed eco-
nomic area of Brazil. A total of 6827 mother-
child pairs residing in the city were included.
A total of 3468 male newborns were re-
ported. Biological, economic and social vari-
ables were obtained.

Shortly after delivery, newborn meas-
urements were obtained and the mothers

were interviewed using a standardized ques-
tionnaire (14). Only 2.5% of mothers were
discharged from hospital before they could
be interviewed. Trained personnel super-
vised by the research team obtained the an-
thropometric data of the newborns (weight
and height). Less than 1.0% of the mothers
refused to be interviewed in both surveys.
The hospital directors gave permission to
consult the medical records after the re-
searchers guaranteed confidentiality and the
mothers gave written informed consent to be
interviewed.

In 1996 and 1997, 1189 males from this
cohort were located at the time of army
recruitment, corresponding to 34.3% of the
original male population. Anthropometric
measurements were obtained. Height (in cm)
and weight (in kg) were collected by two
investigators during the medical examina-
tion at the army unit. The measurements
were made twice. The precision of the weight
scale was 100 g and the precision of the
height scale was 0.5 cm. BMI was calculated
using the formula: weight/height2.

Statistical analysis

Statistical analysis included simple lin-
ear regression of each independent variable
on BMI in adulthood. Later on, all variables
were included in the first analysis, inde-
pendent of their level of significance, and
were adjusted to each other in a multiple
linear regression model with BMI at 18 years
of age as the dependent variable, and con-
founding was taken into account. Birth weight
was included in the models as a categorical
variable (<2500, 2500-2999, 3000-3499,
3500-3999, ≥4000 g). The other variables
were: maternal smoking ever (yes or no),
gestational age (<37, 37 to 42, and >42
weeks), and conscript’s schooling and social
class at birth. Conscript’s schooling was di-
vided into three groups on the basis of years
spent in school: low (<8 years), medium (8
to 10) and high (11 or more). The latter was
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determined based on father’s occupation
using the International System of Classifica-
tion of Occupations (ISCO-1977), modified
by Bettiol et al. (14), comprising three social
groups: high (non-manual occupations),
medium (skilled and semiskilled manual
jobs) and low (unskilled manual occupa-
tions and unemployment). Missing values
were included in the model if they were
greater than 5%. Co-linearity and interac-
tions among independent variables were also
checked and none was detected (P < 0.05).

Results

Mean BMI was 22.7 (95%CI = 22.5-
23.0) in this sample of 1189 males. Univar-
iate analysis revealed significant increases
in mean adolescent BMI according to birth
weight, social class at birth and maternal
smoking. The higher the birth weight, the
higher the BMI at adolescence. Conscripts
born with a high birth weight had a BMI 1.37
kg/m2 higher than those weighing <2500 g.
Individuals whose fathers at the time of their
birth were engaged in unskilled jobs or were
unemployed were on average 1.18 kg/m2

heavier than those whose fathers had non-
manual occupations. Adolescents whose
mothers smoked during pregnancy were on
average 0.66 kg/m2 heavier than their coun-
terparts whose mothers did not smoke. No
significant effect of conscript schooling or
gestational age on BMI was observed (Table
1).

After adjustment, birth weight continued
to show a positive association with BMI in
late adolescence. The association between
birth weight and BMI was positive and there
was no suggestion of a “U”-shaped format
(P value for trend = 0.001). Social class at
birth was negatively associated with BMI.
Low social class at birth corresponded to
higher BMI in late adolescence. Its effect on
BMI did not change after adjustment for
current socioeconomic condition as meas-
ured by conscript schooling. After adjust-

ment, maternal smoking remained also inde-
pendently associated with BMI (Table 2).

Discussion

This study has some limitations, and
therefore its results should be interpreted
with caution. It was restricted to males living
in an urban area, a fact that could have led to
overestimation of mean BMI, which is higher
in urban areas in Brazil (15). The lack of
information regarding parental weight and
height did not allow us to adjust for genetic
influences on BMI in late adolescence. The
high infant mortality rate among low birth
weight newborns could have contributed to

Table 1. Body mass index according to birth weight, gestational age, social class at
birth, conscript schooling, and maternal smoking during pregnancy (Ribeirão Preto
birth cohort study 1978/79) (N = 1189 adolescent males).

Variables N Mean BMI Coefficient 95%CI

Birth weight (g)*
<2500 53 22.25 0.00
2500 to 2999 209 22.27 0.02 -1.04 to 1.07
3000 to 3499 456 22.57 0.32 -0.68 to 1.31
3500 to 3999 368 23.02 0.77 -0.24 to 1.78
≥4000 103 23.63 1.37 0.22 to 2.53

Gestational age (weeks)
<37 59 22.45 0.00
37 to 42 810 22.84 0.39 -0.54 to 1.32
>42 69 22.65 0.20 -1.02 to 1.42
Missing 251 22.50 0.05 -0.94 to 1.05

Social class at birth*
High 191 22.21 0.00
Intermediate 722 22.70 0.48 -0.07 to 1.04
Low 209 23.40 1.18 0.50 to 1.87
Missing 67 22.57 0.36 -0.61 to 1.33

Conscript schooling
Low 254 22.62 0.00
Intermediate 496 22.83 0.21 -0.32 to 0.74
High 439 22.69 0.07 -0.47 to 0.62

Maternal smoking during pregnancy*
No 270 23.23 0.00
Yes 880 22.57 0.66 0.18 to 1.14
Missing 39 23.18 0.61 -0.51 to 1.73

*P < 0.05 for the dependent variable body mass index (BMI) and independent vari-
ables birth weight, social class at birth and maternal smoking. Simple linear regression
models were used.
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an underestimate of mean BMI among indi-
viduals with a low birth weight. Finally,
poor health and social disadvantages could
have been reasons for not enlisting in the
army, possibly decreasing the estimate of
mean BMI among less privileged social strata
in late adolescence (16).

Even considering these important points,
the study was able to demonstrate associa-
tions between birth weight, maternal smok-
ing during pregnancy and childhood social
class with BMI 18 years later. It was also
able to explore the effect of early and late

social factors by using social indicators at
two points of an individual’s lifetime, i.e., at
birth and during late adolescence.

Studies conducted in Brazil have reported
that individuals from high social strata have
a higher BMI during adulthood (8), whereas
in developed countries individuals of low
social classes have a higher BMI (3,17,18).
In our study low social class in childhood
but not in adulthood was associated with
higher BMI in adolescence. In addition, in
some developed areas a bimodal distribution
of BMI has been observed, particularly
among women, i.e., those from low and high
social classes present higher BMI than those
from middle-class groups (19). Unfortu-
nately, in the present study it was not pos-
sible to analyze this pattern due to the gender
restriction. The mechanisms by which social
factors influence BMI are complex. Some
variables have been able to explain the higher
BMI in higher social groups in developing
countries such as eating behavior, sedentary
life style and hours of watching television
(20).

Our data suggest that early life social
class is more important than late socioeco-
nomic position for predicting BMI in ado-
lescence. Current conscript schooling was
not associated with BMI before or after ad-
justment for early life factors and the asso-
ciation with social class at birth remained
statistically significant even after adjustment
for current conscript schooling. Therefore,
the present findings suggest that early life
social influences on BMI were not reverted
by late socioeconomic position.

Despite a small size effect, the positive
association between birth weight and BMI
supports the hypothesis that birth weight can
partially mediate body size during adult-
hood (21,22). Higher BMI among individu-
als born with a high birth weight has been
related to an increase in fat-free mass in
adulthood rather than a rise in adipose tissue
(5,6). However, higher BMI among indi-
viduals born with low birth weight, particu-

Table 2. Multiple linear regression of body mass
index adjusted for social class, gestational age,
social class at birth, conscript schooling, and ma-
ternal smoking during pregnancy (Ribeirão Preto
birth cohort study 1978/79) (N = 1189 adolescent
males).

Variables ß 95%CI

Birth weight (g)*
<2500 0.00
2500 to 2999 0.12 -1.21 to 0.97
3000 to 3499 0.14 -0.91 to 1.20
3500 to 3999 0.66 0.41 to 1.74
≥4000 1.22 0.01 to 2.45

Gestational age (weeks)
<37 0.00
37 to 42 0.07 -0.91 to 1.05
>42 -0.19 -1.45 to 1.07
Missing -0.26 -1.31 to 0.80

Social class at birth*
High 0.00
Intermediate 0.49 -0.08 to 1.05
Low 1.21 0.49 to 1.93
Missing -0.46 -1.85 to 0.92

Conscript schooling
Low 0.00
Intermediate 0.05 -0.49 to 0.59
High -0.31 -0.88 to 0.26

Maternal smoking during pregnancy*
No 0.00
Yes 0.69 0.21 to 1.17
Missing 1.90 0.16 to 3.63

*P < 0.05 for the dependent variable body mass
index (BMI) and independent variables birth
weight, social class at birth and maternal smok-
ing. All variables were included in the first analy-
sis, independent of their level of significance.
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larly among those born with intra-uterine
growth restriction, has been associated with
a predominant increase in fat mass in adult-
hood. It seems that prolonged catch-up in
weight in individuals born small for gesta-
tional age can lead to a significant increase
in adiposity in adulthood due to metabolic
changes related to insulin, leptin or adipo-
nectin resistance (23,24). In our study, BMI
was not increased among adolescents with
low birth weight. Unfortunately, we do not
have data on catch-up growth in the first
years of life to test the hypothesis that low
birth weight individuals who experience
catch-up growth have a higher BMI in later
life. If high BMI had been present only
among low birth weight individuals who
catch up early in growth we could not have
identified this phenomenon. Although it
seems unlikely, selection bias caused by
higher rates of infant mortality among the
low birth weight group could also have con-
tributed to an underestimate of the possible
effect of low birth weight on late BMI. Had
an association between low birth weight and
high BMI been present, it would have been a
matter of concern because of the steady re-
duction in infant mortality in Brazil during
the last 20 years leading to increasing sur-
vival of low birth weight babies (25,26).

An independent association between
maternal smoking and overweight in later
life has been established in previous studies

(12,13,27) and our findings corroborated the
independent influence of maternal smoking
on BMI in adolescence. A possible underly-
ing mechanism involves permanent changes
in hypothalamic regulation of food intake
leading to changes in diet preference (28).
Unfortunately, due to lack of information, in
our study it was not possible to control for
the influence of nutrient intake or diet pref-
erence on BMI. Because smoking mothers
breast feed their babies for shorter periods of
time (29) and usually feed them later on a
diet rich in saturated fatty acids and choles-
terol (30), confounding by these factors may
also be a possible explanation for this find-
ing. Thus, the significant influence, despite
the small size effect, of maternal smoking on
BMI should be considered with caution.

The findings that low social class at birth,
high birth weight, and maternal smoking
during pregnancy are associated with higher
BMI during the teenage years indicate a
complex influence of early life events on
BMI and highlight the importance of early
life factors in the genesis of overweight and
adiposity. Therefore, prevention of over-
weight and obesity should focus not only on
changes in adult life styles but also on early
interventions supporting nutritional and be-
havioral changes, such as smoking cessation
during pregnancy, as well as broad improve-
ments of environmental and social condi-
tions during prenatal and early life years.
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