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Abstract

Objectives: to estimate the correlation between birth weight, breastfeeding, and body mass index in
six-year-old children in the city of Palho¢a/SC, Brazil.

Methods: a cross-sectional study involving 502 children. Data were collected through interviews
with mothers at home and anthropometric assessments at schools. The child’s current body mass index
was the dependent variable. The independent variables were birth weight, breastfeeding duration,
and exclusive breastfeeding duration. Correlations among variables were estimated using Pearson's
correlation coefficient and respective coefficients of determination. Multiple linear regression analysis
was performed to observe the independence among the variables.

Results: birth weight and body mass index at six years of age showed a statistically significant positive
correlation (r= 0.115; p=0.008). Breastfeeding duration was not correlated (r=-0.018; p=0.683). The
duration of exclusive breastfeeding showed a statistically significant negative correlation (r=-0.103;
p=0.018). However, multiple linear regression analysis showed an independent and significant positive
correlation only between birth weight and body mass index at six years of age (r= 0.142; p= 0.003).

Conclusion: higher birth weight was significantly and independently positively correlated with
increased body mass index at six years of age.
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Introduction

Obesity is characterized as the abnormal or excessive
accumulation of fat that can cause damage to the health.!
Its etiology is multifactorial and its genesis may be
related to the first thousand days of life, this phase being
susceptible to predisposing factors for body composition
and neuroendocrine regulation.?

The prevalence of obesity has increased in recent
decades, almost tripling since 1975. According to the
World Health Organization (WHO), one in five children
is overweight' and Brazil is close to the global figure.
According to the Estudo Nacional de Alimentagdo e
Nutri¢do Infantil de 2019 (ENANI-2019) (National
Study of Food and Nutrition in Children) report, 10.1%
of the Brazilian children under the age of five are
overweight.? This is a concerning data, since childhood
obesity contributes to the development of chronic non-
communicable diseases such as type 2 diabetes mellitus,
systemic arterial hypertension and early atherosclerosis.*
Furthermore, excess weight in childhood leads to obesity
in adulthood, due to long-term cardiovascular and
metabolic changes.*

From another perspective, obesity is preventable'and
the benefits of breastfeeding against the subsequent
development of this disease have been studied.’ Breast
milk contains hormones in its formulation such as leptin
and ghrelin, besides having a lower amount of proteins
and electrolytes, which prevents kidney overload.® These
hormones present in breast milk have the action of
inhibiting appetite and anabolic pathways and stimulating
catabolic pathways, thus playing a primary role in
controlling the body weight.”

WHO guidelines recommend that children should
be exclusively breastfed for the first six months and that
breastfeeding should be supplemented for the first two
years.® However, less than half (45.8%) of the Brazilian
children under six months are exclusively breastfed.’
Complementary feeding introduced early, before six
months, can be directly related to future obesity, given
that it is often done inappropriately, with food of low
nutritional quality and associated with deprivation of the
nutrients and hormones present in breast milk.’

It should also be noted that breastfeeding during
the first four to six months of age reduces the risk of
all hospitalization causes.’ According to Victora et al.!
expanding breastfeeding to a universal level could prevent
823,000 deaths a year in children under five years old.

On the other hand, birth weight has been associated
with being overweight at childhood. A study involving an
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American cohort showed that birth weight was a predictor
of obesity at school age.!! In addition, an observational
study of 500 schoolchildren in Ceara State showed a
positive correlation between birth weight and overweight/
obesity in children, with 52.9% of those born with a high
birth weight being overweight at school age.'? Thus,
birth weight is an indicator associated with the risk of
developing obesity at childhood.

This study aims to contribute to the national literature
on the constant need to update epidemiological data on
childhood obesity and associated factors. The aim of this
study was to estimate the correlation between birth weight,

breastfeeding and body mass index at six years of age.

Methods

This is a cross-sectional epidemiological study using
data from children included in a longitudinal study
called the Coorte Brasil Sul'® (Brazil South cohort)
which follows schoolchildren in Palhoga/SC. The study
population consisted of six-year-old children living in the
city of about 230,000 inhabitants located in the Greater
Florianopolis region and enrolled in 55 schools. This
cohort was composed of children who were in the first
year of elementary school at the time of the baseline study,
which is why this study refers to children at this age.
Children with severe physical limitations that would make
it difficult to measure anthropometric data were excluded.

The following parameters were used to calculate the
sample: population of 1,756 schoolchildren,'> unknown
anticipated prevalence of obesity (P = 50%, used to
generate the largest sample size given the maintenance of
the other parameters), 95% confidence level and relative
error of 4%, which generated a minimum sample of 448
children. Thus, all the children included in the Coorte
Brasil Sul database with the information required for this
study were included (n= 502).

Data collection was carried out in 2015/2016 by a
field team of researchers and community health workers
trained to conduct interviews with the children’s mothers
or main caregivers in their homes. The retrospective phase
of the cohort study provided data on pregnancy and the
first two years of the child’s life using an instrument
designed for this purpose.'* Follow-up of the children up
to the age of six was characterized by new data collection,
including anthropometry of the children at this stage.

Weight and height were collected following the
recommendations of the Ministry of Health.'* To collect
the weight, each child was barefoot, wearing light clothing

and without objects. With the scale zeroed beforehand,



the child was positioned in the middle of the equipment,
standing upright with their feet together and arms stretched
out along their body and then the weight on the display
was read.

To measure the height, the child stood upright, with
no accessories on their head, arms stretched out, head up,
legs parallel, calves, buttocks, shoulder blades and the
back of the head touching the stadiometer. The mobile
part of the equipment was lowered, adjusting it against
the head. The individual was removed and the reading was
taken, without releasing the mobile part of the equipment.'*
Anthropometric assessment was carried out using the body
mass index (BMI), obtained by dividing the weight by
height to a squared.'*

The independent variables were birth weight in grams,
breastfeeding time in months and exclusive breastfeeding
time. Gender (male/female) and the child’s skin color
(white/black/mixed/yellow) were collected.

The database was prepared in a numerical spreadsheet
and exported to SPSS Statistics for Windows software,
version 18.0 (SPSS Inc., Chicago, I11., USA). The variables
were described in terms of proportions, measures of
central tendency and dispersion. Correlations between
the variables studied were estimated using Pearson’s
correlation coefficient and the respective coefficients
of determination, after the distributions had been tested
using the Kolmogorov-Smirnov test. Subsequently, a
multivariate linear regression analysis was carried out
using the stepwise strategy to observe the independence
between the variables studied. The assumptions of the
linear regression analysis were met, with regard to the

adequacy of the sample size, the linear relation between
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Results

The study included 502 six year old schoolchildren. Of the
total, 51.6% were male and 84.3% were white. Regarding
to breastfeeding, 91.6% of the children were breastfed at
least once, and 53.7% were exclusively breastfed for six
months (Table 1). The children’s average birth weight was
3,242.3g (SD=731.1g) and the average BMI at six years
of age was 16.9 kg/m? (SD= 2.8) (Table 2).

Birth weight (g) and BMI at six years of age showed
a significant positive correlation (r=0.115; p=0.008), with
a coefficient of determination of R>=0.013 (Figure 1A).
Breastfeeding time and BMI at six years of age showed
no correlation (r=-0.018; p=0.683) (Figure 1B). On the
other hand, exclusive breastfeeding time and BMI at six
years of age showed a significant negative correlation (r=
-0.103; p=0.018), with a coefficient of determination of
R?>=0.011 (Figure 1C).

Multiple linear regression analysis resulted in a
statistically significant model [F (3.452) = 3.540; p=0.015;
R?=0.018]. Birth weight proved to be a statistically
significant and independent predictor of BMI at six years
of age (r= 0.142; p=0.003) while breastfeeding time
(r= 0.035; p=0.466) and exclusive breastfeeding time
(r=-0.040; p=0.406) did not prove to be independent
predictors, losing the statistical significance presented in

the bivariate correlation analysis (Table 3).

Table 1

Demographic and breastfeeding characteristics of the study
population. Palhoca/SC, 2015/2016.

. . . Variables N %
the dependent variable and the independent variables, Gender (n=502)
the absence of multicollinearity between the independent Male 259 51.6
variables (exclusive breastfeeding time X birth weight Female 243 48.4
. . . . Ski | thnicity (n=502
r= 0.030; exclusive breastfeeding time X breastfeeding nco or/ethniity (n=502)

] e ) } White 423 84.3
time r= 0.256 and breastfeeding time X birth weight r= Black 21 4.2
0.106), the absence of outliers, normally distributed and Mixed 54 10.8
independent residuals (Durbin-Watson test = 1.15) and Yellow 4 0.7

.. B tfeedi =502
the presence of homoscedasticity. Values of p<0.05 were reastfeeding (n=502)
. o Yes 460 91.6
considered significant. No 42 8.4
This study was approved by the Human Research Ethics Exclusive breastfeeding time (n=454)
Committee of the Universidade do Sul de Santa Catarina Less than € months 210 463
6 months or more 244 53.7

under the protocol number 38240114.0.0000.5369.

Table 2
Measures of central tendency and dispersion of the study. Palhoga/SC, 2015/2016 (N=502).
Variables Minimum Maximum X £ SD Median Mode
Breastfeeding time (months) 1 60 17.7 £15.2 12 24
Exclusive breastfeeding time (months) 1 6 47 3.4 6 6
Birth weight (g) 1,950.0 5,600.0 3,242.3+£731.1 3,280.0 3,100.0
Body mass index (Kg/m?2) 1.7 34.5 16.9+2.38 16.3 16.3
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Figure 1

Correlation between: (A) Birth weight, (B) Breastfeeding time (Months), (C) Exclusive breastfeeding time (Months) and BMI at six years of age.
Palhoca/SC, 2015/2016 (N=502).
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Table 3
Multivariate analysis results. Palhoca/SC, 2015/2016 (N=502).
Variable B Cl95% r P p* Cl195% r p
Breastfeeding time (months) 0.003 -0.031; 0.037 -0.018 0.683 0.002 -0.032; 0.036  0.035 0.466
Exclusive breastfeeding time (months) -0.011 -0.031; 0.014 -0.103 0.018 -0.004 -0.011; 0.004 -0.040 0.406
Birth weight (g) 0.490 0.362; 0.441 0.115 0.008 0.410 0.391; 0.429  0.142 0.003

B = angular coefficient of linear regression; r = Pearson’s correlation coefficient; p* = angular coefficient of linear regression adjusted for sex, skin color/ethnicity and other variables.

Discussion The significant positive correlation between birth

weight and BMI has been pointed out in the literature.
The results of this study showed that higher birth weight A cohort study of Uruguayan children identified a 70%
correlated significantly and independently with higher increase in the prevalence of obesity among macrosomic
BMI at six years of age, although the coefficient of newborns (birth weight equal to or greater than 4,000g)
determination of the adjusted model was low. compared to non-macrosomic newborns.'> Another
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multinational cross-sectional study in 12 countries
showed a positive association between higher levels of
birth weight (defined as >3,500g) and the likelihood of
obesity in children aged nine to eleven.'® In addition, the
United States cohort study of 10,186 children concluded
a significant association between birth weight and the
risk of overweight or obesity at childhood, reinforcing the
importance of birth weight as a risk factor for childhood
obesity and the need for early interventions to prevent
this public health problem." This scenario reinforces the
fact that high birth weight is a significant risk factor for
obesity, making it possible to observe the relevance of care
to the first thousand days of life in the genesis of obesity.

Given that in early obesogenic environments there is a
greater association of genes related to obesity, gestational
overnutrition, gestational diabetes mellitus (GDM) and
maternal smoking are also factors that can explain the
relation between birth weight and children’s BML.!7 A
meta-analysis including information on more than 24,000
newborns described that those born to mothers with GDM
had a higher proportion of body fat and around 62 g more
fat mass compared to newborns born to mothers without
GDM."®

The results of this study showed no significant and
independent correlation between breastfeeding time and
exclusive breastfeeding time and BMI at six years of
age. However, a meta-analysis revealed a dose-response
effect, with a negative correlation between the duration of
breastfeeding and the risk of obesity, in which each month
of breastfeeding was associated with a 4.0% reduction in
the risk of obesity. The same meta-analysis also showed a
17.0% lower risk of obesity in breastfed children compared
to those who were never breastfed. "

In an integrative review, the authors found a positive
correlation between breastfeeding and a reduction in
excess weight only when exclusive breastfeeding was
involved. The authors also showed that supplemented
breastfeeding was not protective in terms of weight gain.
They argued that the data from the studies evaluated were
from children over six months old who were already using
complementary feeding, which influenced in the results.?

A review published in 2016 highlights the crucial
role of breastfeeding in preventing childhood obesity. In
assessing the available evidence, the authors emphasize
that exclusive and prolonged breastfeeding is associated
with a lower risk of obesity in childhood. This association
suggests that breastfeeding not only provides essential
nutrients, but may also influence behavioral and metabolic
factors that contribute to weight regulation throughout
life.?!

Birth weight, breastfeeding and body mass index at six years of age

Thus, the hypothesis arises that the difference between
the results presented here and the evidence related to the
benefits of breastfeeding may be the result of different
methodological approaches, such as differences in the
age groups studied, socioeconomic differences between
the groups, gestational weight gain, gestational BMI and
the presence or absence of GDM.

It is also important to highlight the association
between eating habits and lifestyle and childhood obesity.
According to WHO, increased consumption of food rich in
fat and sugar, an increase in sedentary lifestyles, growing
urbanization and socioeconomic conditions are among
the main factors influencing obesity.?> Furthermore, the
reduction of outdoor activities correlated with the advance
of technological means of entertainment can contribute
to children remaining in more sedentary occupations?
and can interfere with the increase in BMI. Thus, the
importance is to develop an early behavioral and healthy
eating routine.

The results of this study should be interpreted with
caution. One important limitation refers to the few
independent variables included, even for adjusting the
model presented, in view of the intrinsic multifactoriality
in determining childhood obesity. Another limitation
refers to the retrospective data collection, such as the
“breastfeeding time” variable, which may have generated
memory bias with a possible impact in the results.
Furthermore, although significant, the result showed
a very low coefficient of determination. On the other
hand, it is believed that this study has the potential to
stimulate the development of more populational surveys
to complement the data in health information systems.
National population-based epidemiological data is
extremely important for major public policies, but local
data such as that presented here has enormous potential
for planning adequate health care for people in cities,
where the Sistema Unico de Satide (SUS) (Public Health
System) is effective.

It can be concluded that in the population studied,
higher birth weight was significantly and independently
correlated with higher BMI at six years of age. There is
a need for more studies on the subject, including other
variables related to pregnant women, such as age, income,
schooling, nutritional status, comorbidities, smoking,
alcohol or illicit drug use. We also encourage studies to
be carried out in different Brazilian regions, since it is
essential to obtain epidemiological data from the country,
which has marked climatic, socio-cultural and economic

differences.
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