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Low birthweight and postnatal weight in full-term infants
under six months old, Rio de Janeiro, RJ, Brazil
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Abstract This study investigated the association
between low birthweight and postnatal weight in
full-term infants, taking social, economic, ma-
ternal and babies characteristics into account. A
cross-sectional study was conducted with infants
under six months old at 27 primary healthcare
units in the Rio de Janeiro municipality, Brazil, in
2007. Only singleton full-term babies were includ-
ed. The association between full-term low birth-
weight and postnatal weight was tested using the
multiple regression model adjusted for the gender
and age of the baby, as well as potential confound-
ing factors. A total of 875 babies were evaluated,
of whom 4.5% were small for gestational age.
Small-for-gestational-age babies weighted, on av-
erage, 977.4 grams less than those born with ade-
quate weight for gestational age, after adjustment
by gender and age, as well as marital status and
parity. Girls were 426.74 grams lighter than boys;
children from mothers with live-in partners were
146.2 grams heavier than those of single moth-
ers, and the babies of primiparae weighed 204.67
grams less than the children of multiparae. Low
birthweight is an unfavorable factor for postnatal
weight of full-term infants. These children, par-
ticularly daughters of primipara single mothers,
must be followed more frequently in relation to
their postnatal growth.

Key words Infant, Low birth weight, Term birth,
Weight gain

Resumo  Este estudo investigou a associagio
entre baixo peso ao nascer e peso pds-natal em
criangas a termo, considerando-se caracteristicas
sociais, econdmicas, maternas e infantis. Estudo
transversal realizado em bebés com até seis meses
de idade em 27 unidades de Atengdo Primdria a
Satide. Foram incluidos no estudo somente be-
bés a termo e ndo gemelares. A associagdo entre
baixo peso ao nascer e peso pds-natal em criangas
a termo foi testada utilizando modelo de regres-
sao multipla ajustada por sexo e idade do bebé e
potenciais confundidores. Foram avaliadas 875
criangas, das quais 4,5% eram de baixo peso ao
nascer. O peso pés-natal dos bebés a termo e com
baixo peso foi em média 977,4 gramas menor do
que entre aqueles que nasceram a termo com peso
adequado, depois de ajustado por sexo e idade da
crianga, situagao conjugal e paridade. Meninas
pesavam 426,74 gramas a menos do que meni-
nos, filhos de maes com parceiros pesavam 146,2
gramas a mais do que sem parceiros e os bebés de
primiparas pesavam 204,67 gramas a menos do
que os de multiparas. Nascer com baixo peso é
uma situagdo desfavordvel para o peso pés-natal
de bebés a termo. Essas criangas, particularmente
filhas de maes sem parceiros e primiparas, devem
ser acompanhadas mais frequentemente em rela-
¢do ao crescimento pds-natal.

Palavras-chave Recém-nascido de baixo peso,
Nascimento a Termo, Ganho de Peso
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Introduction

Birthweight by gestational age is an indirect in-
dicator of fetal growth, quite widely used in
clinical practice and Public Health'. The World
Health Organization defines small for gestational
age as babies whose birthweight falls below the
tenth percentile expected for gender-specific
birthweight by gestational age?. Another classifi-
cation uses the cut-off point of two standard de-
viations below the expected mean for the gesta-
tional age’. Although not exactly representing the
phenomenon of intrauterine growth restriction,
which would require longitudinal measurements
during pregnancy?, small for gestational age is
more easily measured and has been used in sev-
eral studies.

When information on gestational age is cat-
egorized in intervals, classification of babies as
small for gestational age is hampered. In this
situation, a simplified small for gestational age
definition can be used, considering babies born
full-term (> 37 weeks) but of a low birthweight
(< 2,500 g)*. These values coincide with small for
gestational age cut-off classification for full-term
babies on several growth curves, including that
drawn up by Williams et al.> recommended by the
World Health Organization, and that of Alexan-
der et al.® and almost overlap the values of a Bra-
zilian curve based on national data from 2003 to
2005’. However, the use of this simplified defini-
tion requires caution when interpreting the find-
ings, as small for gestational age newborns with
higher gestational ages could be underestimated.
Since 2000, it is believed that there has been a re-
duction in the occurrence of intrauterine growth
restriction in Brazil as, despite the increase in
preterm births, low birthweight frequency has
remained relatively stable®, with a significant in-
crease in the frequency of preterm births among
newborns weighing less than 2,500 grams’.

Postnatal growth depends on genetic po-
tential, intrauterine growth and the effects of a
wide variety of socioeconomic, cultural, nutri-
tional and environmental factors, as well as the
occurrence of morbidities affecting weight and
height'®!2, It is important to follow the babies
more frequently in relation to their postnatal
growth speed as well as the catch-up and catch-
down phenomena®. According to a review by
Chrestani et al.’?, there is no uniformity in the
operational definition of accelerated growth, nor
in the catch-up concept. Accelerated growth is as-
sociated with primiparity, smoking during preg-
nancy, low birthweight and early weaning.

Healthy full-term newborns, even if small for
gestational age, tend to catch up during the first
year of life". In a birth cohort of full-term Bra-
zilian babies, an initial accelerated growth was
noted during the first six months of life that was
more pronounced among low birthweight ba-
bies, although weight and length during the first
year still remained lower than those of babies
with adequate birthweight'.

The association between postnatal catch-up
and chronic or degenerative diseases has been
widely discussed in the literature on fetal pro-
gramming'®”. At the moment, there is no evi-
dence that rapid gains in weight or length during
the first two years of life increase the risk of
chronic disease, even among babies with intra-
uterine growth restriction. The adequate nutri-
tion in utero and also during the first 1000 days of
live is essential for formation of human capital'®.

In a recent meta-analysis of 19 longitudinal
birth cohorts, including Brazilian children, small
for gestational age was associated with a 2.4 times
increased odds of childhood stunting in low and
middle-income countries”. We investigated the
association between low birthweight and post-
natal weight, taking socioeconomic and maternal
characteristics into consideration, as well as fac-
tors related to pregnancy, birth and the infants
themselves, among full-term babies under six
months old at primary healthcare clinics publicly
funded by Brazil’s Unified National Health System
(SUS) in the Rio de Janeiro municipality in 2007.

Method
Population and Study Design

A cross-sectional study was conducted with
1,082 babies less than six months old at 27 pri-
mary healthcare units from Brazil’s Unified Na-
tional Health System (SUS), in the city of Rio de
Janeiro between June and September, 2007.

The two-stage sampling consisted initially in
selecting primary healthcare units from Brazil’s
Unified National Health System (SUS) and then,
babies under six-month age. In order to ensure a
geographic representative sample of the city, Eu-
clidian distances from the geographic coordinates
of the primary healthcare units to the Adminis-
trative Center of the city of Rio de Janeiro were
calculated and then ranked. A systematic selec-
tion of the healthcare units was done considering
the probability of selection proportional to the
monthly average number of childcare appoint-



ments of babies under six months in the first se-
mester of 2005. At the second-stage of sampling,
the babies were systematically selected soon after
the childcare appointment. The total number of
the survey sample, considering a bilateral error
of 13% and a confidence level of 95%, resulted in
27 healthcare units and 40 babies per unit (1.080
mother interviews)>.

Data were obtained via interviews with the
mothers and from pediatric healthcare records.
All data collection was performed by trained
healthcare practitioners. Due to incomplete in-
formation on gestational age, which was an el-
igibility criterion for this study, the database of
the survey was linked to the Live Births Informa-
tion System (SINASC) database, which provided
information on mothers, their pregnancies and
births for all Brazilian children.

To be included in this study, children had to
be singleton full term births (gestational age >
37 weeks). Babies were excluded when informa-
tion on gestational age, birthweight or postnatal
weight was not available.

This study was performed in agreement with
the Declaration of Helsinki (1964) and approved
by the local ethical committee at Federal Univer-
sity of Rio de Janeiro. Each participant was pre-
sented with a deed of informed consent before
the interview, with voluntary signature.

Variables

The main outcome was the postnatal weight
gain of the child in grams (dependent variable),
based on the child weight reported by mother
on the same day of the interview. The main pre-
dictor variable was birthweight less than 2,500
grams. As the study population is full-term ba-
bies, babies with low birthweight (< 2,500 grams)
are considered with intrauterine malnutrition®.

Other variables were maternal characteristics
grouped by: 1) Demographic, social and eco-
nomic factors: remunerated work (yes; no), years
of schooling (< four years; four to seven years; >
eight years); marital status (with / without live-
in partner) and age (< 20; 20-34; > 35 years old)
and 2) Reproductive and prenatal characteristics:
parity (primipara; multipara) and prenatal care
adequacy (inadequate; fair; adequate and more
than adequate).

Prenatal care was assessed by the Kotelchuck
Index, adapted to the number of appointments
recommended in Brazil®'. For this analysis, the
extreme categories were grouped together (in-

adequate and fair, and adequate with more than
adequate).

Child co-variables were: gender (male; fe-
male); age (0 to < one month; one to < two
months; two to < three months; three to < four
months; four to < five months; five to < six
months), type of breast feeding (not applicable —
HIV+ mother for example — or not stated; exclu-
sive breast feeding; predominant breast feeding;
supplemented breast feeding; no longer breast
feeds)?, day-care center (yes; no) and hospital
admission history (yes; no).

The source of information on birthweight,
gestational age, type of pregnancy and type of
birth was the SINASC, while other information
was obtained via interviews during the survey

Statistical Analysis

Proportions are presented for categorical
variables and summary statistics for continuous
variables. Birthweight (in grams) was analyzed
on an exploratory basis as a continuous variable
and as a categorical one (< 2,500 grams; 2,500 to
3,999 grams; > 4,000 grams).

For preliminary analyses, it was investigat-
ed associations between the dependent variable,
postnatal weight gain of the child in grams, and
each co-variable ajusted by baby’s age and gen-
der, using multiple linear regression models.
Variables presenting regression coefficients with
a statistical significance level of less than 0.20
through the Student t test were selected for the
multivariable analysis. The comparison between
models was based on the adjusted Wald F test. In
the final multivariable model, we retained vari-
ables with regression coefficients less than 0.05
level. The modeling, linearity, homoscedastici-
ty and normality assumptions were verified for
each adjusted model.

The Statistical Package for the Social Sciences
(SPSS) version 17.0 software was used.

Results

Of the 1,082 babies assessed by the survey, 1,021
(94.4%) presented information on gestational
age, with a 6.4% prevalence of preterm births.
For this study, 952 babies met inclusion criteria —
not preterm and singleton — all with information
on birthweight; but 77 had no information on
postnatal weight and were excluded. The study
population comprised 875 babies.
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Table 1 presents the characteristics of moth-
ers. There was a high proportion of adolescents,
only a small percent of mothers had low edu-
cational level and 61.1% had completed at least
their basic education. The presence of a live-in
partner was stated by 86.1% and 64.9% had no
remunerated work. In terms of their reproduc-
tive history, 55% of the babies were the offspring
of multipara mothers. Prenatal care was adequate
or more than adequate in 60.1% of the cases.

Babies presented a slight predominance of
males and were mainly between one and four
months of age. The lowest percentages corre-
sponded to the extreme ages (Table 2).

Full-term low birthweight prevalence was
4.5%. Exclusive breast feeding and supplemented
breast feeding predominated among the babies.
Most of them did not go to day care centers and
had never been hospitalized (Table 2).

In the preliminary analysis, variables asso-
ciated (statistical significance level <0.20) with
postnatal weight, after adjustement for child’s
age and gender were: small for gestational age,
marital status and parity.

The best model tested in the multiple lin-
ear regression analysis for explaining postnatal
weight (P value < 0.0001) retained the same ex-
planatory variables with a statistical significance
level of 0.05, also adjusted for age and gender
(Table 3).

The final model showed that full-term low
birthweight babies presented, on average, a post-
natal weight 977.4 grams lower than those who
were not low birthweight. As age increased (from
zero to less than five months), differences in
postnatal weight decreased, compared to older
babies (between five and six months old). Girls
were 426.74 grams lighter than boys, on average.

The birthweight distribution curve follows
a normal probability distribution with limited
amplitude. The mean and standard deviation
for birthweight were respectively 3,225.8 £ 454.5
grams (Graphic 1).

Table 1. Maternal characteristics - full-term infants up to six
months old (N = 875), Rio de Janeiro, RJ, Brazil, 2007.

Participants
n (%)
Demographic, social and economic characteristics
Age (years)
10-19 181 (20.7)
20 - 34 626 (71.5)
35 or more 68 (7.8)
Marital Status
With live-in partner 753 (86.1)
Without live-in partner 122 (13.9)
Remunerated work
Yes 307 (35.1)
No 568 (64.9)
Education (years of study)
<4 56 (6.4)
4-7 284 (32.5)
>8 535 (61.1)
Reproductive history
Parity
Primipara 394 (45.0)
Multipara 481 (55.0)
Characteristics of Pregnancy and Birth
Adequacy to prenatal care
No/inadequate pre-natal care 115(13.1)
Fair 229 (26.2)
Adequate or more than adequate 526 (60.1)
Unknown 5(0.6)

Table 2. Child characteristics - full-term infants up
to six months old (N = 875), Rio de Janeiro city, R],

Brazil, 2007.

Infant characteristics Participants
n (%)
Gender
Male 441 (50.4)
Female 434 (49.6)
Age (months)
Oto<1 99 (11.3)
1to<2 192 (21.9)
2to<3 177 (20.2)
3to<4 169 (19.3)
4to<5 134 (15.3)
5to<6 104 (11.9)
Birthweight (grams)
< 2,500* 39 (4.5)
2,500 to 3,999 793 (90.6)
> 4,000 43 (4.9)
Type of breast feeding
Not applicable (HIV+) or not stated 4(0.5)
Exclusive breast feeding 493 (56.3)
Predominant breast feeding 96 (11.0)
Supplemented breast feeding 196 (22.4)
No longer breast feeds 86 (9.8)
In day care centers
Yes 15 (1.7)
No 860 (98.3)
Hospital admission
Yes 72 (8.2)
No 800 (91.4)
Unknown 3(0.4)

*Full- term babies with low birthweight (< 2,500 grams) were
considered babies with intrauterine malnutrition*.
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Graphic 1. Birthweight distribution in grams of  full-
term infants up to six months old at 27 primary care
units, Rio de Janeiro, RJ, Brazil, 2007.

Table 3. Multiple linear regression estimates for
postnatal weight of babies in a sample of full-term
infants less than six months old (N = 875), Rio de
Janeiro city, RJ, Brazil, 2007.

Model Estimate  [95% Confidence

characteristics (g) Interval]

Intercept 7872.17  [7560.68, 8183.66]

Low Birthweight
Yes -977.40 [-1215.93,-738.87]
No reference

Age of baby

(months)®
Oto<1 -3844.51 [-4211.18,-3477.83]
1to<2 -2894.06 [-3189.48, -2598.65]
2to<3 -2017.75 [-2363.90, -1671.59]
3to<4 -1208.47  [-1507.60, -909.35]
4to<5 -766.23  [-1122.74, -409.72]
5t0<6 reference

Gender®
Female -426.74 [-540.58, -312.89]
Male reference

Live-in partner*
Yes 146.20 [7.04, 285.36]
No reference

Parity®
Primipara -204.67 [-318.81, -90.53]
Multipara reference

“Full-term babies with birthweight less than 2,500 grams were
considered babies with intrauterine malnutrition4.® p < 0.001.
<p <0.05.

Among babies whose mothers had live-in part-
ners, the weight was 146 grams higher than for
babies whose mothers were single. The offspring
of primipara mothers weighed 204.7 grams less
than those of multipara mothers (Table 3).

Discussion

Based on these findings, we noted that being
born full term and low birthweigth had adverse
effects on postnatal weight of babies under six
months old in all brackets. Adjusted by marital
situation and parity, in addition to child’s gender
and age, postnatal weight was lower among full-
term babies with low birthweigth than among
those weighting 2,500 grams or more.

Eickmann et al.’® analyzed the growth of
148 full-term babies up to two years of age in a
birth cohort of residents in the Zona da Mata
Meridional area of Pernambuco State, Brazil in
1993/1994. An accelerated growth was noted up
to six months old, followed by a slowdown up to
12 months, with discrete recovery at two years of
age. Although this initial accelerated growth was
most marked among low-weight babies (1,500
to 2,499 grams), their weight and length nev-
ertheless remained below those with adequate
birthweight (between 3,000 and 3,499 grams)
adjusted by social and economic conditions, as
well as the occurrence of diarrhea during the first
six months of life.

The initial advantage of adequate birthweight
in terms of infant growth may be annulled by
poor social and economic conditions. The edu-
cational level of the mother, which is indirectly
related to social and economic status, is a co-vari-
able strongly associated with infant growth, often
appearing as a factor independent of income and
stepping up the odds of stunted growth, partic-
ularly among poorly or uneducated mothers®.
In this study, variables related directly or indi-
rectly to social and economic conditions were
not associated with postnatal weight adjust-
ed by child gender and age, possibly due to the
homogeneity of the population studied: users
of government-run primary care units. It must
also be borne in mind that the entry of variables
proximal to the outcome might have minimized
the power of association of distal variables such
as social and economic conditions, probably
through mediation of the final outcome.

Marital status can reflect psycho-social sup-
port available to mother and child. Among other
factors, the absence of a live-in partner is also re-
lated to early weaning and inadequate introduc-
tion of food items before the age of six months,
possibly affecting infant growth? and less incre-
ment of mean weight-for-age in full term chil-
dren at 12 months age®.

In our study, maternal age was not associat-
ed with postnatal weight, contradicting studies
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demonstrating that the offspring of teen mothers
weigh less than babies of adult women.

Some potential risk factors for infant growth
that were considered in our analysis as confound-
ing factors — type of feeding and hospital admission
— did not present any association in the regression
models controlled by baby age and gender.

Breast feeding is also characterized as influ-
encing infant growth, although studies may pres-
ent controversial findings. Exclusive breast feed-
ing beyond 2 months of age was related to lower
weight gain from 2 to 6 months as well as from
6 to 12 months of age in two Nordic countries®.
The clinical trial conducted by Kramer and Kaku-
ma®® reached the conclusion that babies who are
solely breastfed may present faster gains in weight
and length during the first few months of life, with
no deficit at 12 months. In our study, the type of
breast feeding adjusted by gender and age was not
associated with postnatal weight of the child.

Primiparity is associated with small for gesta-
tional age at birth at term?, low birthweight and
young mothers®, low educational levels and ex-
clusive breast feeding weaning®. In our study, al-
though controlled for these risk factors, primipar-
ity proved to be associated with lower postnatal
weight among full-term low birthweight babies.

It is believed that this study has contribut-
ed to the methodology of studies of fetal pro-
gramming. The intrauterine growth restriction
marker most widely used in these studies is
low birthweight'*°. However, this marker does
not exclude preterm births, which is one of the
mechanisms leading to low birthweight, increas-
ing the number of false positives and undermin-
ing validity. Our study used a more specific but
simplified intrauterine growth restriction defi-
nition (low birthweight in non preterm infants)
and with potential validity problems. In addition
to excluding preterm low birthweight babies,
full term infants with birthweights greater than
2,500 grams may be small for gestational age and
would not be identified (false negatives). Howev-
er, it is believed that this situation would occur in
only a few cases, if it did in fact take place in our
study population.

Recent findings present evidence that small
for gestational age at term is not a homogeneous
group: the determinants of severe small for ges-
tational age (birthweight < 3rd for gestational
age and sex) reflect pathological determinants
of intrauterine growth restriction while those of
moderate small for gestational age (3rd to < 10th
percentile for gestational age and sex) reflect a
mixture of physiological and pathological deter-

minants?. The effects of stratifying small for ges-
tational age on linear growth must be considered
in future epidemiological studies.

There is much concern over methodology in
fetal programming studies that use weight at dif-
ferent times of life (dependent and independent
variables in the same model), as birthweight is
part of the subsequent weight (recovery growth,
postnatal weight, weight gain). In our study, we
decided not to use birthweight as a continuous
explanatory variable, as the intention was mere-
ly to classify the babies as having been subject
to intrauterine growth restriction or not, rather
than explaining postnatal weight variations as a
function of birthweight variations. Although this
simplified definition is also based on birthweight,
we believe that this might well have minimized
the methodological problem described above.

Due to sectional nature of the data with a
single postnatal weight measurement in babies
of different ages, it was not possible to analyze
growth rates during the first six months of life.
Consequently, it was also not possible to inves-
tigate catch-up growth as the two Brazilian birth
cohort studies in Sdo Luis (MA) and Ribeirdao
Preto (SP)*', and Pelotas (RS)!. The first one
found association between term low birthweight
babies and catch-up growth at the age nine
and eleven, and the second identified catch-up
growth in first-born babies at age of four.

The sectional nature of the data also caused
internal validity problems, such as the survival
bias. It is possible that small for gestational age
fetuses/newborns after 37 weeks have a high-
er probability of stillbirth and infant mortality,
leading to under-representation of intrauterine
growth restriction frequency in the study popu-
lation, and consequently weakening its associa-
tion with postnatal weight.

Another internal validity problem that might
have occurred is an error in gestational age clas-
sification, which is an eligibility criterion for the
study. There are no records on how this is mea-
sured in SINASC in 2007 (last menstruation date,
ultrasound, physical and neurological signs of
newborn maturity using the New Ballard score).
Although there is a good reability on these data®,
validity problems can persist when neonatal es-
timatives are used, leading to bias in the associa-
tion investigated®.

In brief, regarding infant growth, we can con-
clude that full-term low birthweight infants, par-
ticularly those born to primipara single mothers
must have their postnatal growth followed more
frequently.
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