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Abstract
Background: The present study was conducted to compare the growth indices in two-yearold children with a history of low birth weight and normal birth weight children.
Methods: A retrospective cohort study was conducted on two-year-old children with low
birth weight and normal weight children who were covered by health centers of Kahnooj, in
2015. Cares at birth, 1, 2, 4, 6, 7, 9, 12, 15, 18, and 24 months of age were studied, and child
growth indices (weight, height, and head circumference), along with some demographic
variables, were studied. Data was analyzed using IBM SPSS Statistics for Windows, Version
20.0. Armonk, NY: IBM Corp.
Results: There were significant differences in children's growth for both groups in all periods
of care. Despite the same slope, growth pattern in children showed a significant difference.
Children who had young mothers, female children, and children with preterm birth were more
likely to be born with low birth weight.
Conclusion: Trends and growth patterns of weight, height, and head circumference in
underweight children have a significant difference with normal children and, despite the same
slope, these children cannot compensate for the backwardness of growth to the age of two. So,
separate growth curves should be plotted for these children and possible preventive measures
should be taken to prevent bearing an underweight baby.
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Introduction
ow Birth Weight (LBW), defined as
birth weight less than 2500 grams, is
one of the most serious health
problems of the modern world. According
to the previous surveys conducted by the
World Health Organization, nearly two

L

million infants are born annually with low
birth weight most of whom are born in the
developing and developed countries (1).
Approximately 50 percent of the deaths and
50 percent of disabilities in children occur
in this group (2). Underweight children are
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at greater risk of mortality even at younger
than age 15, and those who survive suffer
from long and short-term disabilities two to
three times more than those in other
children (3,4).
Different studies demonstrated several risk
factors of LBW including preterm birth,
maternal demographic, anthropometric and
lifestyle variables, history of substance
abuse in mother and number of pregnancy
care (5). The results of some studies
demonstrated that maternal weight gain is
associated with the birth weight of infants
(6, 7).
It is expected that low birth weight children
will compensate for their growth
retardation. If the child failed to do so,
especially for the head circumference, the
possibility of developing cognitive
impairment and academic failure will
increase (8).
Several factors, including quality of care in
hospitals, especially in neonatal intensive
care, feeding, particularly breastfeeding,
socioeconomic status of families, and many
other factors may affect growth impairment
in this group of children. These variables
differ from one community to another (9,
10).
In a study conducted by Nayeri et al.,
comparison of the growth of underweight
and normal weight children at birth showed
that, despite the significant difference in
weight between the two groups of children
up to age one, weight gain trend in children
with low weight was appropriate and the
weight gain speed was not significantly
different between the two groups. This
trend was observed to be true for the
children's height and head circumference,
as well (11). In Abd-Yazdan et al. study,
comparison of the trends of growth between
these two groups up to year two showed
better growth trend in children with low
birth weight than in children with normal
weight (12). In another study, it was shown
that very low birth weight males remain
shorter and more tin than normal body
weight children until 20 years of age, but

female children who had low birth weight
catch up in growth (13).
Given the importance of the growth of
babies born with low birth weight and
existence of a few studies in this field, the
present study was conducted to assess and
to compare the growth parameters in
children, including weight, height, and head
circumference, in 2-year-old children with
underweight background at birth and
normal birth weight children in Kahnooj
city.
Methods
The present retrospective cohort study was
conducted in Kahnooj primary health care
centers, Kerman, Iran, between May and
October 2015.
The health records of all 2-year-old
children, kept in the primary health care
centers of Kahnooj were the statistical
population. Among these records, all low
birth weight children (birth weight less than
2500 grams) were enrolled and for each low
birth weight child, three normal weight
children (birth weight 2500 to 4000 grams)
were selected as controls. Health records as
well as the anthropometric indices at birth,
1, 2, 4, 6, 7, 9, 12, 15, 18, and 24 months
after birth were evaluated for each child.
Twins, non-Iranian nationals, children with
obvious congenital abnormalities and a
history of severe diarrhea or acute
respiratory infection health records as well
as those with a history of hospitalization
due to illness were excluded.
A data collection form, developed by the
researchers, was used. The main variable of
the study was child development index
(weight, height, and head circumference).
Also, the child's gender, birth order, the
birth interval of children with a previous
child in the family, gestational age
(premature birth), family size, parents'
occupation and education, and maternal age
were explored. The researcher filled out the
data collection form based on the eligible
medical files available in health centers.
Next, using IBM SPSS Statistics for
Windows, Version 20.0. Armonk, NY:
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IBM Corp., data was analyzed running
descriptive statistics, means and standard
deviations, the two groups Chi-square test,
independent t-test, repeated measurement
test, and binary logistic test (forward
conditional method) to make comparisons.
The significance level was set at 0.05.
Results
In the present study, 340 two-year-old
children were selected from health centers
of Kahnooj city: 85 children were born with
low birth weight and 255 children with
normal weight. The mean±SD birth weight
of children in the control group and low
birth weight group were 3240±347.64
grams
and
2284.3±318.98
grams,
respectively. Less than half the children
(47.6%) were girls.
In Table 1, the mean and standard deviation
of weight, height, and head circumference
of children are shown in terms of care in
months. Comparison of low birth weight
children with normal weight children
individually in each different month
revealed
a
statistically
significant
difference between the two groups in terms
of mean weight in all months except for 18month babies. Therefore, the first group
was observed to have less weight than the
second group. Comparison of weight
growth pattern between the two groups,
using repeated measures (Figure 1), showed
that there is a statistically significant
difference between the two groups in the
process of weight gain over time, taking
into account the effect of gender (P<0.001).
The results of the current study showed
that, in terms of average height in different
months, there was a significant difference
between the two groups of children (Table
1); this means that the average height of
children with normal birth weight is higher
than that of the other group. Also,
comparison of height growth pattern in
Figure 2 shows that there is a statistically
significant difference in the increase in the
height of the two groups over time, taking
into account the effect of gender (P<0.001).

The results showed that the average head
circumference of low birth weight children
during different months of care is
significantly less than that of the other
group (Table 1).
Figure 1. Comparison of weight growth
pattern between two study groups

The results showed that the average head
circumference of low birth weight children
during different months of care is
significantly less than that of the other
group (Table 1). Comparing head
circumference growth pattern of children
with and without a history of low birth
weight and before the age of two, as given
in Figure 3, shows that statistically, there is
a significant difference between the two
groups in the process of increased head
circumference over time, taking into
account the effect of gender (P<0.001).
The results of independent t-test showed
that birth order, family size, and maternal
age are factors that affect birth weight, but
the interval between the child birth and
birth of the previous children in the family
was not found to be significantly associated
with birth weight (Table 2).
Also, the results of chi-square test showed
that gender was significantly associated
with the baby's birth weight (P=0.01) so
that 19.8% of males and 30.9% of female
infants experienced low birth weight.
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Figure 2. Comparison of height growth pattern between two study groups

Table 1. Comparison of mean and SD of Anthropometrics according to time between two
study groups
Indicator
Weight ( Gram)

Age

1 month
2 month
4month
6month
7month
9month
12month
15 month
18 month
24 month
Height (cm)
1 month
2 month
4month
6month
7month
9month
12month
15 month
18 month
24 month
Head circumference (cm) 1 month
2 month
4month
6month
7month
9month
12month
15 month
18 month

Mean±SD
Normal weight
4254.7±566
5279.7±662
6510.1±809
7588.6±305
8154.1±369
8510.9±972
9173.7±104
9623.9±151
10744.3±579
11501±126
53.7±2
55±3.2
59±2.9
63±2.7
65±2.7
68±3
72±3
75±3
79±3
82±3
37±1.1
38.8±1
40.7±1.1
42±1.1
43.2±1.1
44.2±1
45.3±1.2
46.2±1.1
47.3±1.2

Mean±SD
Low birth weight
3512.9±787
4550±861
5860±924
6790.8±936
7254.1±955
7800±100
8494.7±112
9190.5±118
9805.2±124
10795±167
51±3.3
53±2
57±2.3
61±2
65±2.7
67±2.7
70±2.8
73±2.9
77±3
80±3
36.6±1.9
37.8±1.7
39.9±1.6
41.5±1.5
42.4±1.4
43.6±1.5
44.7±1.5
45.7±1.6
46.7±1.7

P
<0.001
<0.001
<0.001
0.01
0.02
<0.001
<0.001
0.01
0.13
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.001
0.002
0.001
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Also, the preterm birth was found to be
significantly associated with the birth
weight of children so that 8.2% of
newborns were born with low birth weight,
but only 0.8% of babies with normal birth
weight were born prematurely (P=0.001).
Father’s job (P=0.84), mother's job
(P=0.60), mother’s education (P=0.19),
and father’s education (P=0.631) were not
found to be relevant.
Multivariate regression analysis showed
that when considering all significant
variables in the presence of each other,
factors such as maternal age, the sex of the
children, and preterm birth have significant
relationships with the occurrence of low
birth weight. Preterm birth and the female
gender of the baby were found to increase
the chance of low birth weight by,
respectively, 13.4 and 1.8 times. Also, with
each year increase in the maternal age, the

chance of low birth weight decreased by 0.9
times (Table 3).
Figure 3. Comparison of head
circumference growth pattern between two
study groups

Table 2. Comparison of LBW and NBW children in terms of maternal age, birth order, birth
interval, number of family members
Variable
Mean±SD
Mean±SD
P
Normal weight Low birth weight
Birth order
2.22±1.3
1.77±1.1
0.005
Birth interval
3.12±3.1
2.71±3.4
0.38
Number of family members
4.44±1.2
4.05±1.1
0.008
Maternal age
28.23±5.5
26.34±5.2
0.005

Table 3. Predictors of low birth weight using logistic regression analysis
Variable
B
SE df
Odds ratio
P
Maternal age
0.75 0.25 1 0.003
0.928
*
Female sex of neonate 0.600 0.263 1 0.02
1.822
Preterm labor**
2.59 0.839 1 0.002
13.406
Constant
-3.75 1.13 1 0.001
*
Reference: Male, ** Reference: Term labor
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Discussion
Comparison of the average weight of
infants at each follow-up between the two
groups showed that, except for the age of 18
months, the average weight of low birth
weight infants was significantly higher
compared with that of the control group.
Also, in a simultaneous comparison of
average height and head circumference of
the two groups at each follow-up, the
average height and head circumference of
control group infants were significantly
higher than those of the low birth weight
group. The results of other studies are
consistent with findings of the present
study. The results of the studies conducted
on children with low birth weight and
normal birth weight up to one year of age
showed significant differences in weight,
length, and head circumference between the
two groups (11). Comparison of children
with low birth weight and normal children
up to 18 months of age showed a significant
difference in weight, height, and head
circumference in each comparison (14).
This difference was observed in both
groups of a study conducted in Isfahan on
children until the age of two years (15).
Also, up to the age of five, a significant
difference was observed in the measures of
weight, height, and head circumference
between the two groups (16). As a result, it
can be concluded that the differences in
children's anthropometric indices at birth
can be continued in older children. To have
healthier children, special attention must be
paid to in utero or even before pregnancy in
moms, so that in the future, new born
children and the following generations
enjoy better health.
Comparison of trends in growth in the two
groups showed that, over time, taking into
account the effect of gender, two groups of
children with low birth weight and normal
birth weight undergo different growth
pattern of weight, height, and head
circumference over time. Although the
slope of the growth charts for the children
with low birth weight and normal birth
weight was nearly identical, the retardation

due to the birth weight in the entire growth
trend of children is observed to be
significant and underweight children were
not able to offset their growth retardation.
The results of the study by Niri et al.
conducted up to one year of age, are to
some extents similar to our results. In the
study of Nayeri et al., the weight and head
circumference were significantly different
while the trend of height growth was not
significantly different (11). Moreover,
another study conducted in Iran showed
that the percentile of weight-for-age,
height-for-age, and head circumference for
age up to two years in children with low
birth weight and normal birth weight
children were different (12). Formaga et al.
study showed that underweight children up
to the age of two continue the same growth
trend of natural children and, differences
seen in anthropometric indices of the two
groups are mainly caused by preterm birth
in these two groups. Therefore, the use of
corrected age can be useful (17). It is likely
that the differences in the various studies
are due to the differences in the follow-up
period and type of care received by children
because of living in different geographical
areas, which could have affected the
children's growth process.
Comparison of demographical factors
between low birth weight children and
children with no underweight history
showed that the baby's sex, birth order,
gestational age, maternal age, and family
size are factors effective in birth weight. In
many studies, maternal age has been
expressed as a factor affecting birth weight.
Especially, newborns to the 40-year-old
mothers and teenage mothers are more at
risk (18-20). Birth order in different studies
has been reported to be associated with a
history of low birth weight: in a study
conducted in the city of Yazd, it was shown
that the highest rate of low birth weight
births was related to the first birth order (21,
22). In addition, prematurity (gestational
age less than 37 weeks) in many studies is
expressed as a very strong risk factor for
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low birth weight. Also, several studies have
shown that family size and gender of the
baby can affect birth weight (23, 25,26). In
the present study, factors such as interval
with the previous child's birth, occupation,
and educational level of the parents were
not found to be significantly associated
with birth weight. A study conducted in
Esfahan had obtained similar results (15).
Children with low birth weight, compared
with those with normal weight, are having
difficulty receiving care in all cases in
terms of weight, height, and head
circumference up to age two. Also, the
growth pattern of weight, height, and head
circumference of children with normal
growth pattern proved to be significantly
different from those of the other group.
These children were observed to be unable
to offset the retardation up to the age of two.
So, separate growth curves are to be plotted
for these children and possible preventive
measures should be taken to prevent birth
of underweight babies.
According to the appropriate sample size
and follow-up of children up to the age of
two, the present study can present reliable
results in the field of developmental process
of underweight children. Using secondary
data on children's health centers and the
lack of direct follow-up by researchers are
accounted as limitations of the study. It is
suggested that studies on underweight
children, especially very low-weight ones,
be designed prospectively and the children
be monitored even after the age of two.
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