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ABSTRACT

Objective

To analyze if aerobic capacity is related to Birth Weight and breastfeeding patterns in boys and girls, products of
a term pregnancy and normal weight.
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Methods

A representative sample of 230 Brazilian children (6-10 years old), born at term (after 37-weeks’ gestation)
with normal weight (between 2.5 and 4.0kg). These children performed a Yo-Yo Test to estimate their aerobic
capacity and mothers reported their children’s Birth Weight and breastfeeding patterns. The Pearson correlation
coefficient was used to measure the association between aerobic capacity with Birth Weight and breastfeeding
patterns.

Results

We did not observe any significant associations between aerobic capacity with Birth Weight and breastfeeding
time in either sexes (p>0.05).

Conclusion

These results indicate that aerobic capacity is not related with Birth Weight or breastfeeding time in children
born with normal weight and gestational age, suggesting that this complex physiological parameter does not
appear to be determined by intrauterine factors that dictate the Birth Weight and breastfeeding patterns in the
beginning of life.

Keywords: Breastfeeding. Cardiorespiratory fitness. Child. Normal Birth Weight. Nutritional status. Term birth.

RESUMO

Objetivo

Analisar a relacdo do desempenho aerdbico com o peso ao nascer e padrées de aleitamento materno na infancia
de criancas nascidas a termo com peso gestacional adequado.

Meétodos

Duzentas e trinta criancas (6-10 anos), nascidas a termo (pds-37 semanas de gestacdo) e com peso normal (entre
2,5 e 4kg) participaram do estudo. O desempenho aerdbico foi estimado pelo Yo-Yo Test. O peso ao nascer e 0s
padrées de aleitamento materno foram relatados pelas méaes das criancas mediante questiondrio. A correlacdo
de Pearson foi utilizada para avaliar a relacéo do desempenho aerébico com o peso ao nascer e a duragdo do
aleitamento materno.

Resultados

N&o observou-se relacdo do desempenho aerdbico com o peso ao nascer ou com a duracao do aleitamento
materno em nenhum dos sexos (p>0,05).

Conclusao

Os resultados apontam que o desempenho aerdbico nao esta relacionado ao peso ao nascer e nem a duracao
do aleitamento materno em criancas nascidas a termo e com peso normal, sugerindo que este pardmetro
fisiologico parece ndo ser associado a fatores intrauterinos que determinam o peso no nascimento e nem ao
padrdo alimentar no inicio da vida.

Palavras-chave: Aleitamento materno. Aptidao cardiorrespiratoria. Crianga. Estado nutricional. Nascimento a
termo.

INTRODUCTION
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Aerobic capacity or cardiopulmonary
fitness is measured by Maximal Oxygen Uptake
(VO,, ) and reflects the efficiency of all metabolic
machinery in capturing, transporting and using
oxygen in order to produce muscular work [1,2].
In a population analysis, the VO, _is a general

health indicator and is associated negatively

with disorders of carbohydrate metabolism
[1], cardiovascular diseases and relative risk of
mortality [2], cardiovascular risk and obesity in
children [3], and it is also directly associated
with the academic performance of children and
adolescents [4].

Birth Weight (BW) is considered as an
indicator of the health status of newborns
because it reflects the intrauterine conditions to
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which the fetus was submitted in the gestational
period, representing its intrauterine growth and
development [5]. Studies show that the Birth
Weight is associated with several biological
factors such as height, parents’ body mass index,
size of the newborn, gender [6] and social factors
such as age, mother’s level of education, number
of medical visits during pregnancy, duration
and number of gestations of the mother [7].
Birth Weight is also related to anthropometric
measurements during childhood, being directly
associated with weight, height [6] and lean mass
[8]. However, their relationship with physical
abilities is still uncertain. Lower muscle strength
values have been shown in those born with a low
Birth Weight [9,10]. However, when the Birth
Weight was adjusted according to the infant’s
growth, this association was not observed [11].
Controversial findings have also been reported
for aerobic capacity in which studies indicate no
association between Birth Weight and aerobic
capacity [9,11] nor reduction of aerobic capacity
when adjusting Birth Weight according to sex
and age [12]. On the other hand, other studies
have reported both negative [8,13] and positive
[6] associations between Birth Weight and
aerobic capacity.

After birth, one of the recommended
strategies for the promotion of a healthy infant
development is through exclusive breastfeeding
for at least six months [5], which may prevent
the onset of future metabolic disorders [14]. It
is suggested that the concentration of specific
nutrients present in human milk should generally
improve the health of the newborn [15] and
that these improvements could also result in
the improvement of all metabolic machinery
involved in the extraction, transport and use of
oxygen to generate muscle work.

Aerobic capacity may be influenced by
early-onset eating patterns [16,17], however
these findings are still controversial [6]. Several
studies have sought to elucidate the relationship
between Birth Weight and the physical capacities
of children [8,9,10-13,18,19]. However, in
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addition to the metabolic, muscular [20] and
functional [18] disorders caused by Low Birth
Weight (LBW), these children still appear to
be less active in their free time [12], which
may justify the low aerobic capacity values
observed. Therefore, the presence of Birth
Weight extremes in these investigations may
be a confounding factor in the analysis of the
association of aerobic capacity with Birth Weight
due to the controversial results observed in these
previous studies. In order to mitigate the effects
of gestation duration and weight extremes in
the association of Birth Weight with aerobic
capacity, in the present study, we performed
this analysis in full-term (more than 37 weeks’
gestation) children with normal weight (2.5
to 4kg), which represent about 85% of world

births [21].

Considering the VO, _ as an indicator
of physical fitness and general health [1]
and admitting its direct relation with the
level of physical activity [12] and school
performance [4], and inversely related with
obesity and cardiovascular risk [3] of children, the
understanding of possible factors that may be
associated with this variable are useful in clinical
practice and may assist in the planning of public
health actions.

Therefore, the present study aims to
analyze the relationship of aerobic capacity with
Birth Weight and the total and exclusive time
of breastfeeding in full-term, normal weight
children.

METHODS

This study included boys and girls aged
between 6 and 10, born after the year 2000
and 90% of these belonged to the middle and
low income classes. All were students of public
schools in the urban area of the city of /tauna,
in the state of Minas Gerais, Brazil, and had
no limitations, medical impediments, mobility
or motor skill issues that made them unable to
perform the aerobic test. The research project
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was approved by the The research project was
approved by the Research Ethics Committee
of the Universidade Federal de Minas Gerais
(UFMG, Federal University of Minas Gerais)
(n°0040.0.203.000-10) and the Universidade
de [tauna (University of ftaina) (n°012/10), in
accordance with the Declaration of Helsinki. A
consent form was signed by the parents prior to
data collection.

From the 4,649 of the city’s schoolchildren,
a random sample was selected to participate in
the present study. To reduce the occurrence of
type Il errors, we performed a pilot study with 25
students of both sexes to determine the sample
size. Further details on the experimental design
are described in the study by Goncalves et al.
[3]. For the calculation of the sample size, the
mean and standard deviation of each variable
obtained in the pilot study was used as an
estimate of the population (0=5%). Considering
a power of 80.0%, the minimum sample size
was 228 individuals for the variable with the
highest coefficient of variation. This number
was stratified in the 16 public schools of the city,
maintaining proportions of age and sex. Of the
291 children initially evaluated in the physical
test whose mothers answered the questionnaire,
279 presented complete data referring to the

http://dx.doi.org/10.1590/1678-98652018000500004

variables of the present study. Of this total,
were excluded: 33 who weighed less than 2.5kg
at birth (13 boys, 20 girls), 10 weighing more
than 4.0kg (8 boys, 2 girls) and 6 because they
were preterm babies, with a gestation period
<37 weeks (4 boys, 2 girls) according to well-
established cut-off points in the literature [5].
The cuts made from the initial sample represent
11.8, 3.5 and 2.0%, respectively. Finally, the
analyzes conducted in this study were performed
with 230 children (Table 1).

Aerobic capacity

To evaluate the aerobic capacity, it was
used a Yo-Yo Test [22], validated for children and
adolescents, which showed a strong correlation
(r=0.76) between the value estimated by the
equation and the direct measurement by
spirometry [23]. In this test the child should
run for 20 meters in a delimited course, going
back and forth, with progressive intensity until
exhaustion. The pace was determined by the
specific audio of the test that started at 8.5km/h
with increments of 0.5km/h in each stage that
lasted one minute. The test was interrupted as
soon as the child was unable to keep up with
two consecutive beeps even with the verbal

Table 1. Sample characteristics (N=230). Belo Horizonte (MG), Brazil, (2016).

Characteristics Boys Girs fotal

n % n % n %
Age
6 14 1.1 19 18.4 33 14.4
7 26 20.6 12 1.7 38 16.6
8 26 20.6 19 18.4 45 19.7
9 29 23.0 32 31.1 61 26.6
10 31 24.6 21 20.4 52 22.7
Exclusive breastfeeding time
Ingested infant formula 13 10.3 13 12.5 26 1.3
0-3 months 35 27.8 25 24.0 60 26.1
4-6 months 60 47.6 45 43.6 105 45.6
At least for 7 months 18 14.3 21 19.9 40 17.0
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encouragement offered by the researchers to
maintain the velocity stipulated at each stage.
For the calculation of VO, _ in ml.kg™.min", the
equation proposed by Leger & Gadoury [24] was
used: VO, ~=31.025+3.238 (last stage velocity
in km/h) -3,248x(age in years)+0.1536 (final
velocity x age).

Birth Weight and breastfeeding

The mothers of the children participating
in this study answered in person with a
guestionnaire for obtaining Birth Weight and total
breastfeeding duration (AM, ., ) and whether it
was exclusive (AM,, ) or not (AM, . .. -) during
the first six months of the baby’s life. For the
Birth Weight, the measure of precision adopted
was 0.01kg and for the lactation time it was one
week.

Anthropometry

The body mass of the children was
evaluated with a measure of precision of 0.1kg
and the height in the vertical Alturaexata®
(Alturaexata, Sado Paulo, Brazil) electronic scale
with precision of 0.01cm, both performed
in duplicate, considering the average value.
The skinfolds of the brachial Triceps (TR) and
the Calf (CL) were evaluated in triplicate
and the mean value was considered. For
the estimation of fat percentage, we used
different equations for each sex [25]. For boys:
fat percentage=0.735x(TR+CL)+1); girls: fat
percentage=0.610x(TR+CL)+5. Each of the
above-mentioned procedures was performed by
the same evaluator and the children wore light
clothes and were barefoot.

Statistical analysis

The assumptions of normality of data and
homoscedasticity of variances were confirmed
by the Kolmogorov-Smirnov and Levene tests,
respectively, which allowed the conduction of
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parametric analyzes. The characteristics of both
sexes are expressed as mean (95% Confidence
Interval [Cl]) or £ Standard Deviation (SD) and
subgroups in absolute and relative frequency.
Pearson’s correlation was used to evaluate
the relationship between Birth Weight and
duration of breastfeeding with the VO, . The
comparison between sexes and the exclusivity
of breastfeeding was analyzed by the Student’s
two-tailed t-test for independent samples. The
two-way Analysis of Variance (ANOVA), followed
by a Tukey post-hoc test was used to detect
differences between the Birth Weight tertiles of
each sex. All data were analyzed and plotted in
the software Statistical Package for the Social
Sciences 20.0 (SPSS Inc., Chicago, lllinois, United
States). The level of significance was set at 5%.

RESULTS

Although the Birth Weight was not
different between both sexes (t=0.22, df=228,
p=0.83), boys presented higher values of
VO, . (t=5.21, g/=228, p<0.001). As a result,
we chose to distinguish the analyzes of the
relationship between Birth Weight and VO,
between the sexes. In the comparison between
the sexes, boys had a lower percentage of fat
(t=2.67, df=228, p=0.008) and lower fat mass
compared to girls (t=3.12, df=228, p=0.002).
On the other hand, there were no differences
in Body Mass Index (t=2.23, df=228, p=0.22),
height (t=0.98, df=228, p=0.33), total body
mass (t=1.37, df=228, p=0.17) and lean mass
(t=0.73, df=228, p=0.46) (Table 2).

There was no relationship between the
Birth Weightand VO, _ inboth sexes (boys:0.17,
p=0.06 and girls: r=0.03, p=0.76) (Figure 1).
Similar results were found for breastfeeding,
in which there was no relationship (r<0.1 and
p>0.35 for both sexes) between its duration and
the VO, _ (Figure 2).

The AM,, group constituted 42% of
the boys and 53% of the girls. There were also
no differences in VO, _ (Table 3) between the
AM, . and AM, . . - groups in either sex.
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Table 2. Comparison between anthropometric and physical characteristics between boys and girls during childhood (N=230). Belo
Horizonte (MG), Brazil, (2016).

Boys (n=126) Girls (n=104)
Parameters
M Cl M Cl
Birth Weight (kg) 3.22 3.16-3.29 3.21 3.13-3.30
VO, (ml.Kg'.min') 52.00 51.40-52.6 49.70 49.10 - 50.3"
Body mass index 17.70 17.10-18.2 17.10 16.40-17.8
Body fat percentage (%) 18.80 17.30-20.2 21.40 20.20-22.6"
Body mass (Kg) 32.00 14.70 -49.3 30.40 17.90-48.3
Height (cm) 1.34 1.14-154 1.32 1.14-1.51
Lean mass (Kg) 25.40 24.60 - 26.3 23.40 22.40-24.4
Fat mass (Kg) 6.60 570-7.4 7.00 6.10-7.8"
Note: *p<0,05 between boys and girls in the Student’s t-test.
Mean and Confidence Interval (Cl) values (95%).
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Figure 1. Pearson correlation between the VO, _ in childhood and Birth Weight. Belo Horizonte (MG), Brazil, (2016).

2max

Note: Gray and black represent boys and girls, respectively. Total: 230 children (126 boys; 104 girls).

In Table 3itwas present the combinedvalues ~ There was an effect of sex (F:19.5; p<0.001), while
of Birth Weight (15t and 3 tertiles) of VO, _and  there was no effect of tertile (F:0.61, p=0.43) nor

2max

maternal breastfeeding (exclusive or non-exclusive). tertile vs sex interaction (F:1.92, p=0.25).
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Figure 2. Pearson correlation between the VO, _in childhood and breastfeeding time. Belo Horizonte (MG), Brazil, (2016).

2max

Note: Gray and black represent boys and girls, respectively. Total: 230 children (126 boys; 104 girls).

Table 3. Comparison of VO, values in childhood with Birth Weight and variables related to breastfeeding of boys and girls (N=230).
Belo Horizonte (MG), Brazil, (2016).

Boys Girls
Parameters
M SD M SD
15t tertile BW (n=42/34) 52.8 + 35 497 + 3.3
3 tertile BW (n=42/33) 51.6 * 2.9 50.2 + 3.3
AM,, (n=53/55) 52.3 + 3.8 49.8 + 31"
AM, 1 (N=73/49) 51.8 + 33 496 + 3.

Note: “p<0,05 indicates differences between the 1+ and 3 tertile of boys; *"p<0,05 indicates differences between the boys’ AM,, . and AM
in relation to the girls’ in the two-way Analysis of Variance (ANOVA). Values in ml.kg'.min"" and in Mean+Standard Deviation.
BW: Birth Weight; AM_, : Exclusive Breastfeeding for 6 months; AM :

NON-EXC*

NON-EXC

Non-Exclusive Breastfeeding for 6 months.

DISCUSSION childhood with Birth Weight and duration

of breastfeeding in a representative sample

In th e present study, it was investigated
the relationship between the VO, _ during

Rev. Nutr. 2018;31(5):467-477

of the schoolchildren of a Brazilian city, born
with adequate weight and gestation time. A
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significant relationship between them was not
found, highlighted by a great dispersion of the
points (Figure 1), in both boys and girls. In this
sense, no significant differences were found in
the VO, _ between subjects with Birth Weight
referring to the first tertile when compared
to those of the third tertile, in both sexes.
Similarly, no relationship was found between
total duration of breastfeeding and VO, _, nor
was VO, _ different between those who were
exclusively breastfed in the first six months of life
and those who were not exclusively breastfed
during this period.

Similarlytootherinvestigations[6,9,11,19],
boys also presented a higher aerobic capacity
than girls because of their greater amount of
muscle mass and lower percentage of body
fat (Table 2). Considering that the Yo-Yo Test
is carried out through transporting their own
body weight, the boys would take advantage of
having a better body composition.

The studies that analyzed the relationship
between Birth Weight and aerobic capacity
presented conflicting results, which may be
justified by the complexity of this physical
capacity and by its different forms of evaluation.
Studies that used a direct measure of oxygen
consumption [18] or maximal tests for the
estimation of the VO, _ [9,11] did not find any
association between the variables. On the other
hand, studies that predicted the aerobic capacity
by submaximal tests show both a positive
association [6] and a negative association [8].
Finally, a last study that divided the sample
into four Birth Weight quartiles found that the
VO, was lower in the first and fourth quartiles
compared to the others, suggesting that the
association between Birth Weight and VO, _ is

2max
an inverted-U curve [13].

Children with low Birth Weight may
have pulmonary impairment and lower aerobic
capacity when compared to children born with
normal weight [18], although when these
pulmonary issues are not present, the groups do
not differ in relation to aerobic capacity [12]. The

http://dx.doi.org/10.1590/1678-98652018000500004

thrifty phenotype hypothesis attempts to justify
cases of inadequate development of certain
organs, such as the pancreas and the lung, in low
Birth Weight conditions [26]. In this hypothesis
it is believed that there are redistributions in the
blood flow to prioritize nobler tissues, such as
the brain [26]. Considering previous literature
data and the results of the present study, it is
possible that this hypothesis explains well the
physiological impairments in individuals with
low Birth Weight as reported in the studies by
Clemm et al. [12] and Smith et al. [18]. However,
in the present study only individuals whose
Birth Weight and gestational age are within
a suitable range were analyzed and, under
these conditions, the theory apparently is not
applicable. Thus, it was hypothesized that the
evaluated children reached full muscular and
cardiopulmonary system development, which
are determinants of aerobic capacity, and that
the intrauterine development, or simply the Birth
Weight per se does not influence the aerobic
capacity in this case.

Studies analyzing the relationship between
breastfeeding and aerobic capacity present
conflicting findings, indicating that these
variables may be related [16,17] or unrelated [6].
European infants who were exclusively breastfed
for more than three months exhibit a higher
VO, _ when compared to children who were
breastfed for a shorter period or not breastfed at
all [16] and Iranian children who were breastfed
for more than six months also showed higher
VO, . levels than those who were breastfed
for less than six months and those who have
ingested industrialized infant formulas [17]. It
is reported in the literature that the nutrients
present in human milk could improve the
newborn’s health [15] and it was hypothesized
in this study that the duration or exclusivity of
breastfeeding could influence aerobic capacity.
Contrary to our initial hypothesis, no differences
were observed in VO, _ levels between the
group that was breastfed exclusively with breast
milk in the first six months and the group not

Rev. Nutr. 2018;31(5):467-477
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exclusively breastfed during the same period.
Corroborating these findings, the duration of
lactation also did not influence aerobic capacity
[6]. Thus, it is speculated that malnutrition or
insufficient dietary intake, a condition more
present in underdeveloped countries compared to
developed countries, may be more determinant
in attenuating the aerobic capacity than
breastfeeding patterns themselves.

The great divergence between previous
results in the literature can also occur due to the
nature of VO, _ levels, which are influenced by
modifiable factors such as the habitual physical
activity level, medical history and obesity, and
also by non-modifiable factors such as age,
sex and genotype [2] representing a parameter
with great variability. In addition, VO, _ levels
have heterogeneous responses as a function
of aerobic training, showing differences of up
to 100% among individuals [27] and mean
increases of 15% among populations, although
increases of up to 47% can be observed in some
families [28]. Thus, VO2max levels appear to be
strongly influenced by hereditary components
that influence all or part of the system involved
in the uptake, transport and use of oxygen. In
this way, it was pointed out that the sample of
this study differs from the other investigations
carried out so far mainly by the continent of
research, which was mostly concentrated in the
European continent (Northern Ireland, England,
Spain, Norway, Belgium and the Netherlands)
who share a greater common ancestry than the
Latin American population.

The Birth Weight is also influenced by
several other factors, such as socioeconomic,
genetic [29], familial [7], and childhood growth
aspects, which may modify the association
betweenthe VO, _ andBirth Weight, considering
children born with a normal Birth Weight and
average or accelerated growth rates, or also
those with low Birth Weight and average growth
rates presented higher aerobic performance
than those with low Birth Weight and accelerated

growth rates [11]. Thus, it is possible to speculate
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that, in developed countries, a low Birth Weight
is less related to socioeconomic factors and
more related to genetic factors such as parental
height. This context is different from that
observed in underdeveloped and developing
countries where socioeconomic aspects may
justify the higher prevalence of children with
low Birth Weight, such as when comparing
South America with Europe [21]. Breastfeeding
patterns are also different in distinct countries
and cultures and depend on socio-cultural
support for their success [30], which may justify
controversial results found among different
studies. Therefore, considering the various
factors involved in VO, __, in Birth Weight and in
breastfeeding patterns of children, itis concluded
that the present cross-sectional study, performed
in individuals with adequate Birth Weight and
gestational age, contributes to the current body
of scientific knowledge about population and
to assist in the planning of public health actions
and in the clinical practice of professionals
dealing with children and adolescents.

A limitation of the study is the fact that
Birth Weight and breastfeeding patterns were
reported through a questionnaire answered by
the children’s mothers, a fact that may be less
accurate when compared to the medical chart
of newborn babies. Studies with longitudinal
characteristics that allow individuals to be
followed for alonger period of time are suggested
in order to elucidate this relationship between
the variables related to physical fitness and Birth
Weight not only during childhood but also in
the prolongation of the individual’s life course.
Studies investigating genetic  polymorphisms
in infants born at the lower and upper Birth
Weight limits are also encouraged in order to
elucidate the different associations observed in
the populations.

CONCLUSION

The findings contained in this study
indicate that the aerobic capacity, expressed by
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the levels of VO, _, is not related to the Birth
Weight and the time of breastfeeding in full-
term, normal weight-born children. Thus, given
the complexity of VO, , it does not appear
to be determined by intrauterine factors nor
by factors related to breastfeeding habits in
the conditions of full-term and adequate Birth
Weight conditions.
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