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OBJECTIVE: To test whether weight and the weight gain rate during different age periods are associated with
being overweight/obese at 10 years of age.

METHODS: A nested case-control study was performed in a clinical historic cohort that was selected based on
medical records from the Albert Einstein Hospital Social Program in São Paulo, Brazil. A sample of 378 eutrophic
and overweight/obese children was analyzed.

RESULTS: After adjusting for birth weight and gestational age, the likelihood of being overweight/obese at 10
years of age was 4.04-fold greater when progressing from one quartile of weight gain to the immediately
superior quartile in the first semester of life and 3.24-fold greater when this occurred from 2-5 years of age. A
one-quartile change in weight gain in the first semester was associated with a 0.5 z-score increase in BMI at age
10. A robust independent effect of weight at age 5 confirmed that earlier weight gain was an important
predictor.

CONCLUSIONS: The amount of weight gain during the first 6 months of life and between 2 and 5 years of age
and weight at age 5 were important predictors of overweight/obesity at 10 years of age.
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& INTRODUCTION

In the last three decades, a possible link between low birth
weight and noncommunicable chronic diseases, such as
obesity, in adulthood has often been discussed in the
literature and remains very controversial. In their studies,
Barker et al. (1,2) have suggested that a tendency toward
obesity in adulthood may be ‘‘programmed’’ in utero or
during childhood. It is not clear whether it is the prenatal or
postnatal growth rate that is more predictive of future
obesity (3).

In the Hertfordshire cohort, weight at 1 year of age was
strongly and inversely associated with obesity and cardio-
vascular disease (CVD) in adults (4). In the Helsinki cohort,
men who developed obesity and CVD had low birth weights,
remained at lowweights during childhood, and presented an
increased weight gain rate after 5 years of age (5).

In cohort studies with adolescents, low birth weight,
which was associated with high weight gain rate in the first
year of life, was positively correlated with an elevated body
mass index (BMI) (6-7). This association was stronger when
concurrent with improved social economic conditions or
migration from rural to urban areas (8).
Few studies on this topic have been published about the

development of obesity in regions in which malnutrition is
historically prevalent (8-9). These transitional nutrition
regions are very relevant to this type of research because
these areas contain a large number of children with low
birth weights who are further exposed to diets containing
foods of low cost, high caloric value, and low nutrient
quality, which may increase the incidence of obesity and
diseases associated with metabolic syndrome (9).
The present study aimed to assess whether weight and the

weight gain rates during different age periods (0-6 months, 6-
12 months, 12-24 months, 2-5 years, and 5-10 years) are
associated with overweight/obesity at 10 years of age.

& METHODS

Population and sampling
A nested case-control study designed within a historic

clinical cohort was based on medical records from the
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Primary Health Center of the Einstein Hospital Social
Program in the Paraisopolis slum. The studied children
were born between October 1998 and August 1999. Data
were collected in August 2009.
This social program covers children between 0 and 10

years of age who live in the Paraisopolis slum. Children
attend the clinic for medical appointments, during which
periodic anthropometric measurements are taken.
The inclusion criterion was to have been followed up

from birth to 10 years of age. The exclusion criteria were the
presence of major comorbidities (neurological or endocrine
disease) and the presence of malnourishment at 10 years of
age. This last criterion was considered a possible marker of a
current but undiagnosed disease and was defined as being
below the -2.00 z-score of the WHO reference curve (10).
The outcome was excess weight (being overweight/

obese) at age 10. The proportions of cases and controls
were established by their natural distribution in the studied
population. All subjects came from the same poor neighbor-
hood and shared similar social and cultural conditions.
The eligible population comprised 378 subjects. Complete

data for every studied period, however, were present in
only 147 of the records. Supposing a probability of having
an alpha error of 5%, a prevalence of overweight/obesity at
10 years of 25%, and a prevalence of exposure of 25% (being
in the highest quartile of weight gain), the power of this
final sample would be 80%. The complete data group was
compared with the missing data group to test for selection
bias. The chi-square test and the Wilcoxon rank test were
used for this purpose, given the nonparametric distribution.
The present study was submitted to and approved by the

Research Ethics Committee of the Hospital Israelita Albert
Einstein.

Study protocol
The study protocol consisted of collecting data from the

children’s medical records, including sociodemographic
information, gestational history, family history, and physi-
cal exam results at 6 months and 1, 2, 5, and 10 years of age.

Anthropometric measurements
To measure their body weights, the adolescent partici-

pants stood on a platform-type scale without clothes or with
only light clothing. A FilizolaH brand scale (São Paulo, SP,
Brazil) with a minimum/maximum capacity of 2.5/150 kg
and an accuracy of 50 g was used. Heights were measured
with a stadiometer that was attached to the wall, and these
measurements were taken to the closest 0.1 cm (11).

Anthropometric index
BMI was calculated by dividing a participant’s weight in

kilograms by their height in meters squared. At age 10,
obesity was diagnosed when a participant’s BMI was
greater than or equal to the 2.00 z-score of the WHO
reference. Overweight was diagnosed when the BMI was
between the 1.00 and 2.00 z-scores of the WHO reference
(10). For participants younger than 5 years of age, the cut-off
points for the same reference were higher: 2.00 and 3.00 for
overweight and obesity, respectively (10).

Statistical analysis
The z-scores for the birth weights and BMIs in each age

group were calculated using WHO-Anthro v3.0.1 and WHO

AnthroPlus v1.0.2 software (Geneva, Switzerland).
Descriptive analyses were performed using EPI-INFO
v3.4.3 software (Atlanta, GA, USA).
The main exposure variable was weight gain between

different age periods, which was analyzed according to
quartiles. The other explanatory variables were birth weight
and prematurity. A forward stepwise logistic regression
model was built, in which being overweight or obese was
the dependent variable. A linear regression model was also
built, in which the BMI at age 10, treated as a continuous
variable, was the dependent variable.
Because a given weight depends on weight gain during

the period immediately before, the independent association
of weight at each age with the outcome was tested through
linear regression. To overcome the difficulty of modeling
highly correlated variables, such as weights in sequential
age groups, we used conditional weight variables, which
represent weight at a given age in a way that is uncorrelated
with earlier weight measures. This technique works with
the residuals and provides the necessary independence to
build a regression model. This methodology has been
proposed for cohort studies (12). STATA 10.0H (College
Station, TX, USA) was used for all modeling analyses.

& RESULTS

A description of the sample is presented in Table 1. There
was no significant difference between the entire eligible
cohort and the studied cohort.
Figure 1 shows the prevalence rates of overweight/

obesity at different ages in the same subjects. At 10 years of
age, the rates were 16.7% and 5.8%, respectively. Together,
these two rates resulted in an excess weight rate of 22.5%. At
ages 1, 2, and 5, the estimated frequency of excess weight
was 7.4%, 5.6%, and 11.5%, respectively.
The social condition data for this population indicate that

half of the children’s mothers remained at home and did not
provide any source of family income, that 70% of the fathers
had temporary work, and that 20% of the families lived in
precarious homes that were made of wood.
In Table 2, it can be observed that after adjusting for birth

weight and gestational age, the likelihood of being over-
weight/obese at 10 years of age was 4.04-fold greater when
progressing from one quartile of weight gain to the
immediately superior quartile in the first semester of life,
1.96-fold greater in the second semester, 3.24-fold greater
from 2-5 years of age, and 2.98-fold greater from 5-10 years.
In the linear regression, a one-quartile change in weight gain
in the first semester was associated with a 0.5 z-score
increase in BMI at age 10.
The conditional weight analysis is shown in Table 3. For

each age, weight was independently associated with the
outcome. The regression coefficients were 0.35, 0.54, and
0.89 at 1, 2, and 5 years, respectively. A robust independent
effect of weight at age 5 confirmed that early weight gain
was an important predictor of future excess weight.

& DISCUSSION

In the present study, which was performed in a low
socioeconomic region of São Paulo, a high rate of weight
gain in an early-weaning infant’s first 6 months of life was
strongly associated with obesity at 10 years of age, as was
weight gain between 2 and 5 years of age and weight at age
5.
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In Figure 1, the range between 1.00 and 2.00 z-scores in
our curve shows a progressive trend in the first 2 years of
life. These children are considered normal according to the
reference WHO standard. However, according to this same
standard, our curve is shifted to the right. This finding
indicates a higher prevalence of excess weight in later years.

The most recent national study (Family Income Survey,
2008-2009) (13) reported prevalences of overweight/obesity
according to BMI of 33.5%/14.3% among children who were
5-9 years old and 20.5%/4.9% among adolescents who were
10-19 years old. Our determined prevalence of overweight/
obesity was threefold lower than this reported value in
children who were 5 years of age (9.8%/5.3%). A possible
explanation for this discrepancy is that our estimate reflects
the nutritional status at 5 years of age, whereas the national
study refers to the 5- to 9-year age range and does not report
estimates for younger children. In addition, in the present
study, the prevalence of overweight/obesity at 10 years of
age (22.5%) corresponded to the prevalence observed in the
general Brazilian population (14). This rate indicates the
presence of an obesity epidemic that is comparable with that
of developed countries, which have a prevalence of over-
weight/obesity of 22% (15).

In the present study, the variable that assessed dietary
habits in early life was breastfeeding. Our subjects received

exclusive breastfeeding for an average of 2.0 months.
National data have shown that the Brazilian population
averages 2 months of exclusive breastfeeding (16). In other
countries, the duration of exclusive breastfeeding and the
timing of introducing new foods have been shown to vary.
The pattern depends on cultural factors, economic factors,
and maternal motivations. For example, it is known that in
Italy, 35% of mothers introduce foods in addition to breast
milk before 4 months of age (17); in Germany, 16% of
mothers introduce foods in addition to breast milk before 3
months (18); and in the United Kingdom, 51% of mothers
who were surveyed in 2005 followed the same pattern
before their children were 4 months old (19).
The studies of Koletzko (20) and Taveras (21) have

emphasized that feeding in the first years of life may
contribute more than birth weight to future obesity, as
determined by the programming hypothesis, which has
recently been renamed as the developmental origins of
health and disease (DOHaD). In our study, rapid and
excessive weight gain in the first 6 months of life was
associated with a 4.04-fold higher risk of obesity at 10 years
of age than for children who remained in the first quartile.
Regarding the critical period for weight gain in childhood
and adolescence, our results are similar to the findings
reported by Wells in the Pelotas cohort (9) and by Taveras in
the Viva Project cohort (21). Other authors have determined
that rapid weight gain in the first 3 months of life is
associated with several factors that are linked to CVD and
diabetes in early adulthood (22). Moreover, rapid changes in
BMI between 6 and 24 months of age predict a higher CVD
risk at age 4 (23).
Interestingly, our results suggest that a different age

group than that identified in previous studies is at risk of
future excess weight. In the present study, rapid weight
gain between 2 and 5 years of age was associated with a
3.24-fold higher risk of overweight at 10 years of age.
Normally, the first 2 years of life are considered to be critical
for a child’s healthy development. However, children
between 2 and 5 years old are not routinely assessed via
primary care visits and do not receive sufficient care or
nutritional information from health staff or their families.
The period between 2 and 5 years is rarely assessed in the
literature, although certain studies have detected an
association between rapid weight gain in this period and

Figure 1 - Distribution of overweight/obesity in different ages
among the studied subjects.

Table 1 - Description of the characteristics of the eligible population and the studied subsample.

Variable Category or unit Eligible subjects (n = 378) Studied subsample (n= 147) p-value

Gender = 50.8 44.9 0.225

Gestational age preterm 4.9 6.1 0.576

Delivery vaginal 66.5 68.9 0.832

cesarean 28.8 27.4

forceps 4.7 3.7

Excess weight prevalence overweight 16.7 19.1 0.518

obesity 5.2 6.1 0.895

Exclusive breastfeeding months 2 (0.54-4) 2 (0-4) 0.247

Birth weight kg 3.11 (2.82-3.5) 3.09 (2.8-3.4) 0.069

BMI 6 months kg/m2 17.89 (16.73-18.77) 17.93 (16.82-18.81) 0.952

BMI 1 year kg/m2 17.63 (16.64-18.66) 17.68 (16.87-18.6) 0.367

BMI 2 years kg/m2 16.44 (15.62-17.26) 16.54 (15.73-17.41) 0.112

BMI 5 years kg/m2 15.4 (14.62-16.29) 15.37 (14.43-16.3) 0.903

BMI 10 years kg/m2 16.53 (15.60-17.99) 16.36 (15.3-18.51) 0.121

BMI =body mass index; categorical variables reported as the% and tested with chi-square; continuous variables reported as the median and interquartile

interval and tested with the Wilcoxon test.
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later weight excess (24-25). More recently, a pooled analysis
of data from five low- and middle-income countries showed
that weight in mid-childhood was an important predictor of
adult obesity (26). Therefore, obesity prevention programs
should consider that children in their first 5 years of life
deserve special, differentiated attention compared with
other age groups, and these children should be the focus
of new public policies.
Another finding that supports the previous observation is

that the linear regression that used weights at different ages
after transformation into conditional weight variables
showed a significant effect on later excess weight. In any
regression analysis, an important assumption is that the
variables are independent. We know that weight at age 10
depends onweight at age 5, which in turn depends onweight
at age 2, and so forth, indicating that the variables are not
independent. Recently, conditional analysis was proposed to
solve this problem (12). In our analysis, we demonstrated that
a higher weight at each point in time was independent and
had a more robust effect at age 5. This last finding confirms
the importance of weight gain in the period immediately
before, i.e., between 2 and 5 years of age.
This paper offers two different and complementary pieces

of information. The first is that rapid weight gain during
specific periods in childhood is associated with a greater
risk of obesity in adolescence. Second, greater weight at age
5 is an important predictor of obesity at age 10.
Themain limitationof our studywas the riskof selectionbias,

given themissing information for part of the randomly selected
sample. Toattempt to overcome this bias,wedemonstrated that

the sample and subsample did not differ statistically when the
mainvariableswere compared.Wedonot knowwhether this is
also true of other unmeasured characteristics. In addition,
breastfeeding information was only provided for exclusive
breastfeeding;wedidnot havedata on the introduction of other
foods. Because the study data were extracted from medical
records, we were unable to include information that was not
routinely collected during patient appointments.
Although our sample cannot be considered representative

of the entire population of the city of São Paulo, the results of
our study identified two critical age periods during which
rapid weight gain put children at a higher risk of obesity in
early adolescence, 0-6 months and 2-5 years, together with
weight at age 5 years. In low-income populations, which are
likely exposed to inadequate nutrition during the gestational
period, factors that may be associated with feeding during
the first year of life, including early weaning and the
introduction of new foods, may favor the development of
metabolic programming in adolescence.
The rate of weight gain during the first 6 months of life

and between 2 and 5 years of age, together with weight at
age 5, were important predictors of overweight/obesity at
10 years of age in children from a low-income community in
São Paulo, Brazil.
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Table 2 - Univariate and multivariate analyses of the association between weight gain in different age periods and
overweight/obesity at 10 years of age (n=147).

Weight Gain Period{

Logistic regression Univariate Analyses Multivariate Analyses*

OR 95% CI p-value OR 95% CI p-value

Birth to 6 months 1.30 0.94-1.81 0.112 4.04 2.01-8.15 ,0.000

6-12 months 1.22 0.88-1.69 0.235 1.96 1.15-3.32 0.013

1-2 years 1.32 1.01-1.73 0.042 1.26 0.80-1.98 0.323

2-5 years 1.69 1.33-2.14 ,0.001 3.24 1.93-5.42 ,0.001

5-10 years 1.75 1.38-2.22 ,0.001 2.98 1.79-4.95 ,0.001

Linear regression Coefficient 95% CI p-value Coefficient 95% CI p-value

Birth to 6 months 0.12 -0.01-0.24 0.064 0.50 0.36-0.63 ,0.000

6-12 months 0.10 -0.03-0.22 0.128 0.27 0.15-0.38 ,0.000

1-2 years 0.23 0.12-0.34 ,0.000 0.21 0.11-0.31 ,0.000

2-5 years 0.25 0.17-0.33 ,0.001 0.39 0.29-0.49 ,0.000

5-10 years 0.26 0.17-0.34 ,0.001 0.30 0.20-0.41 ,0.000

{Weight gain in quartiles; in the logistic regression, OR indicates the risk of progressing from one quartile to the immediately superior quartile; in the

linear regression, the coefficient indicates by how many z-score units the BMI at age 10 would increase by progressing from one quartile to the

immediately superior quartile.
*Adjusted reciprocally and for birth weight and prematurity.

Table 3 - Linear multiple regression to test the independent association between weight at each age (transformed into
conditional weight variable) and later overweight/obesity.

Coefficient Overweight/obesity, age 10, 95% CI p-value

Birth weight 0.011 -0.07-0.09 0.782

Weight at 1 year 0.35 0.26-0.45 ,0.001

Weight at 2 years 0.54 0.37-0.70 ,0.001

Weight at 5 years 0.89 0.76-1.03 ,0.001

Weight analyzed as conditional weight, i.e., standardized residual representing greater than expected weight in the prior interval.
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