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(≥30%). The binary regression analysis indicated
that the sex of the neonate (Wald=4.178; p<0.05)
was the more important predictor of underweight at
12 months of age than the birth weight
(Wald=0.351; P>0.05).

Abstract
Background: The nutritional status of the infants is
an important indicator to study the health and
nutritional status of the population.
Objectives: To study the growth pattern during
infancy and to find out the causative factors for
growth faltering among infants living in the rural
areas of Paschim Medinipur district.

Conclusions: This longitudinal study on the weight
pattern of the infants up to 12 months of age
suggests that the male infants are likely to be
underweight when they are nine months of age.

Method: This community based longitudinal study
was carried out from 2016-2018 in the rural
villages of Kankabati Grampanchayat. Singleton
live born babies, born during the first six months of
the study period, and belonging to the low
socioeconomic status, were included in this study.
Multiple births, neonates with major congenital
malformations and severe birth asphyxia, that
might be associated with growth faltering of
infants, were excluded from the study. The
estimated sample size was 132. A pre-tested and
semi-structured
questionnaire,
based
on
demographic information, anthropometric data and
history of morbidity, was prepared to collect
information of each infant from the mothers/
caregivers. The birth weight of each infant was
recorded from hospital discharge certificate.
Subsequently, body weight was recorded every
30±2 days from the first month of life and
thereafter longitudinally throughout infancy.
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Introduction
Growth pattern in infancy is important from the
public health view point in both developing and
developed countries1. Research in developing
countries has mainly focused on the causation of
slow growth patterns like low birth weight (LBW),
maternal malnutrition, infant morbidity and
incorrect weaning practices2-6. Child growth is an
important indicator of assessing nutritional
adequacy, health and development of children, and
of estimating the overall nutritional and health
status of the population7. There are only a few
studies carried out in this area focusing on growth
pattern during infancy7,8. However, the sexual
dimorphism in the growth pattern and nutritional
status of the rural infants has not been documented
in a longitudinal study. Sarkar et al also suggested
the need of a similar study in this locality7.

Results: A total of 164 infants was included. The
study showed that when the infants reached the age
of 8 months, prevalence of underweight was ‘high’
(20–29%). Infants during the period of 9-12
months had ‘very high’ prevalence of underweight
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congenital malformations and severe birth
asphyxia, that might be associated with growth
faltering of the infants, were excluded from study.
Sample size: The minimum estimated sample size
was calculated using the standard formula: n=
(z2pq)/d2. The calculation ((1.962 × 0.328 × 0.672) /
(0.082)) was based on 32.8% prevalence (p) of
underweight at the age of 12-17 months (as that
was the highest among all the categories viz. <6, 68, 9-11 months) according to the recent report of
the fourth National Family Health Study (NFHS-4)
conducted during 2015–2016 in India9, where
z=1.96, q=p-1 and desired precision (d) was ±8%10.
Thus, the estimated sample size was 132 and with a
dropout rate of 20% was 159.
Anthropometric assessment: A pre-tested, semistructured questionnaire, based on demographic
information, anthropometric data and history of
morbidity, was prepared to collect data of each
infant from the mothers/caregivers. Infants were
identified by name, age and sex. Date of birth was
noted from hospital records. Anthropometric data,
including weight of neonates, were measured using
standard techniques11. Birth weight of each infant
was recorded from hospital discharge certificate.
Both LBW babies (<2500g) and normal birth
weight (NBW) babies (≥2500 gm) were included in
study. Subsequently, the body weight was recorded
every 30±2 days from the first month of life and
thereafter longitudinally throughout infancy.
Weight was measured by a digital scale and
recorded to the nearest 0.01kg. During weight
measurement asepsis was maintained. All
observations were made by visiting the families at
home. If the respondent was not contactable during
the visit, three consecutive visits were made in
order to avoid dropouts.
The nutritional status of the infants was evaluated
using age and sex specific values of weight from
the National Centre for Health Statistics (NCHS)
reference data12. Underweight was calculated by Zscore using the NCHS reference values of weightfor-age. Z-scores were calculated using the

formula: Z-score = (X – Median of NCHS) /
Standard deviation of NCHS, where X is an
individual value. Weight-for-age Z-score (WAZ)
was calculated and WAZ <–2 taken as
underweight. Severity of underweight was assessed
by categorising severity of malnutrition by
percentage prevalence ranges recommended by
WHO13. The severity condition of the population
depends on the prevalence of underweight viz. low,
medium, high and very high when the prevalence
of underweight among the infants were <10%, 10–
19%, 20–29% and ≥30% respectively13.
Ethical issues: The study was approved by the
Institutional Board of Ethics, Midnapore Medical
College and Hospital, Midnapore, India on 04
January 2016. The necessary permission for
carrying out this study was also obtained from the
administrative authority of the district. Written
informed consent was taken from the respective
mothers of the infants before conducting the study.
Statistical analysis: Data were analysed using
SPSS for Windows version 16. Data were
presented as number (percentage) or mean ± SD as
appropriate. Student’s t-tests were done to study
the difference in weight among the boys and girls.
Chi square tests were done to find out the
association between gender and nutritional status.
Odds ratio was done to study the sexual
dimorphism in underweight. Binary regression
analysis was performed to study the effect of
gender and birth weight (LBW/NBW) on the
prevalence of underweight among the infants at the
age of twelve months.
Results
Of the initial sample size of 170, two children
expired and 4 children were lost to follow up
during the study period. Thus, the final sample size
was 164. The descriptive statistics of the growth
pattern in respect to weight (kg) of the infants (0–
12 months) are presented in Table 1.

Table 1: Descriptive statistics of growth pattern in infants in respect to weight (kg)
Weight (kg) of the infants
Weight (kg) increment
Mean ± Standard deviation
95% confidence interval
Birth
2.72±0.38
2.66–2.78
1
3.55±0.53
3.46–3.63
0.83±0.41
2
4.30±0.81
4.17–4.42
0.75±0.59
3
5.00±0.74
4.88–5.11
0.70±0.61
4
5.62±0.75
5.50–5.73
0.62±0.29
5
6.13±0.75
6.02–6.25
0.52±0.27
6
6.55±0.78
6.43–6.67
0.41±0.23
7
6.90±0.82
6.78–7.03
0.36±0.38
8
7.22±0.82
7.10–7.35
0.32±0.37
9
7.50±0.88
7.36–7.63
0.27±0.17
10
7.76±0.89
7.63–7.90
0.27±0.22
11
8.00±0.88
7.87–8.14
0.24±0.23
12
8.23±0.90
8.09–8.37
0.23±0.27

Age in months
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The maximum and minimum weight gain was
noted in the age of 0–1months (0.83 kg) and 11–12
months (0.23 kg) respectively. Prevalence of

underweight in different periods during the first
year of life are presented in Figure 1.

Figure 1: Prevalence of underweight in different periods during infancy
This study showed that the pattern of prevalence of
underweight among the infants was changing with
the time period. This prevalence of underweight
was lower when the infants were in first month and
fifth month and after the age of eight months the

prevalence of underweight became higher. Impact
of sexual dimorphism in growth pattern in respect
to weight (kg) of the infants (0-12 months) is
presented in table 2.

Table 2: Impact of sexual dimorphism in growth pattern in respect to weight (kg) among infants
Age in months
Girls (n=84)
Boys (n=80)
t-test
Birth
2.74 ± 0.42
2.70 ± 0.33
0.638
1
3.49 ± 0.58
3.60 ± 0.46
1.364
2
4.18 ± 0.71
4.42 ± 0.90
1.906
3
4.87 ± 0.79
5.13 ± 0.67
2.260*
4
5.48 ± 0.77
5.76 ± 0.70
2.348*
5
6.00 ± 0.78
6.27 ± 0.70
2.338*
6
6.40 ± 0.80
6.70 ± 0.72
2.444*
7
6.75 ± 0.83
7.06 ± 0.79
2.474*
8
7.06 ± 0.84
7.39 ± 0.78
2.562*
9
7.36 ± 0.90
7.64 ± 0.83
2.033*
10
7.63 ± 0.90
7.91 ± 0.86
2.042*
11
7.85 ± 0.89
8.16 ± 0.84
2.294*
12
8.08 ± 0.95
8.39 ± 0.84
2.167*
Significance level at *p<0.05
This study indicated that up to the age of two
months, there was no significant difference in the
weights among boys and girls but from the age of 3
months, boys were found to be significantly

heavier than girls. Impact of sexual dimorphism in
prevalence of underweight among the infants (0-12
months) are presented in table 3.
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Table 3: Impact of sexual dimorphism in prevalence of underweight among the infants
Age in months
Prevalence of underweight
χ2 test
Girls (n=84)
Boys (n=80)
1
05 (05.95)
08 (10.00)
0.920
2
14 (16.67)
06 (07.50)
3.215
3
15 (17.86)
05 (06.25)
5.156*
4
07 (08.33)
07 (08.75)
0.009
5
05 (05.95)
08 (10.00)
0.920
6
07 (08.33)
07 (08.75)
0.009
7
14 (16.67)
13 (16.25)
0.005
8
17 (20.24)
18 (22.50)
0.125
9
19 (22.62)
29 (36.25)
3.678
10
18 (21.43)
35 (43.75)
9.334**
11
19 (22.62)
29 (36.25)
3.678
12
21 (25.00)
32 (40.00)
4.215*
Significance level at *p<0.05; **p<0.01
This study indicated that the boys were more
nutritionally vulnerable in the rural communities in
comparison to girls. Significant differences in the
prevalence of underweight among the boys and
girls were noted at the ages of 3, 10 and 12 months,
More boys at 3 months were underweight than the
girls. The comparison in the weights of the LBW
and normal birth weight (NBW) babies in different

ages is presented in Figure 2. The Box and Whisker
plots depict that the mean weight of the NBW
babies were higher than the LBW babies in all
ages.
Growth pattern in respect to weight of LBW babies
in comparison with NBW babies are presented in
Figure 3.

Figure 2: Comparison of weights of the LBW and NBW babies at different ages
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Figure 3: Growth pattern in respect to weight of low birth weight babies
While studying the growth pattern among the LBW
children, it was noted that these children had lower
weight in all the ages compared to their normal
counterparts, except the LBW boys at the age of
seven months. But the student t-test showed that
there was significant difference only in the weight
of the LBW and NBW in the age up to 2 months.
This study also indicated that the LBW boys had

better catch up growth in comparison to that of the
girls. However, it should be noted that all the
children studied in this locality were far away from
the international standard.
Impact of birth weight on the growth pattern in
respect to weight (kg) among the infants (0-12
months) are presented in table 4.

Table 4: Impact of birth weight on the growth pattern in respect to weight (kg) among the infants
Age in months
<2.50 kg
2.50-2.99 kg
≥3.00 kg
ANOVA
n=27
n=88
n=49
Birth
2.21 ± 0.23
2.63 ± 0.12
3.16 ± 0.25
250.376***
1
3.12 ± 0.44
3.43 ± 0.43
3.99 ± 0.43
42.418***
2
3.96 ± 0.45
4.15 ± 0.76
4.75 ± 0.88
12.880***
3
4.78 ± 0.45
4.83 ± 0.74
5.42 ± 0.71
12.946***
4
5.44 ± 0.50
5.48 ± 0.75
5.96 ± 0.75
7.907***
5
5.98 ± 0.59
5.98 ± 0.77
6.50 ± 0.68
8.920***
6
6.40 ± 0.62
6.40 ± 0.81
6.90 ± 0.69
7.762***
7
6.81 ± 0.84
6.76 ± 0.85
7.20 ± 0.71
4.784**
8
7.06 ± 0.73
7.10 ± 0.84
7.53 ± 0.78
5.022**
9
7.29 ± 0.76
7.38 ± 0.90
7.81 ± 0.82
4.986**
10
7.58 ± 0.77
7.66 ± 0.92
8.06 ± 0.83
4.135*
11
7.79 ± 0.77
7.91 ± 0.93
8.30 ± 0.79
4.255*
12
7.99 ± 0.79
8.17 ± 0.97
8.48 ± 0.79
3.156*
Significance level at *p<0.05; **p<0.01; ***p<0.001
Impact of birth weight on the prevalence of
underweight among the children (0-12 months) are
presented in Figure 4.

In all the ages there is a significant difference in the
weight of the children. The children with the birth
weight of ≥3.00 kg had a higher weight in all ages
compared to the other two groups.
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Figure 4: Impact of birth weight on the prevalence of underweight among the infants
Statistical significance level at *p<0.05; **p<0.01; ***p<0.001 while comparing the three
groups according to birth weight viz. <2.50 kg, 2.50-2.99 kg, and ≥3.00 kg
underweight was very much less in the infants
when they were 1, 4, 5 and 6 months old (Figure
1). However, when the children reached the age of
8 months, the prevalence of underweight was in the
‘high’ category according to categorisation of
severity of malnutrition by percentage prevalence
ranges given by WHO guideline13. The situation
has become worse after that period, the children
during the period of 9 to 12 months were either in
the critically suffering from the undernutrition and
the situation was ‘very high’ category of
underweight according to WHO13 or in just the
borderline to enter into this severe condition. There
may be several factors responsible for such high
prevalence of underweight among the children in
this locality. The faulty breastfeeding practices and
improper weaning may be responsible for wide
spread prevalence of undernutrition among infants
of the rural areas17. The recent report of the fourth
National Family Health Study carried out from
2015–2016 in India found that the only 42.2%
children at the age group of 6-8 months got
complementary feeding and this situation was little
better when the children reached the age group of
9-11 months and 12-17 months with the 62.3% and
69.8% respectively received complementary
feeding9. In this report, it was also documented that
the practice of exclusive breastfeeding below 6
months was only 55.0% in India9. This poor quality
of feeding drastically affected the nutritional status
of the infants. In another study in the rural areas of
Paschim Medinipur District, we found that 37.50%
of the children were given some kind of pre-lacteal
feeding and only 61.45% of the children were
exclusive breastfed till 6 months of age6.
Viyayalakshmi et al.18 stated that pre-lacteal
feeding is associated with diarrhoea in the newborn
and this may be also responsible for growth
faltering in the later months.

The difference in the prevalence of underweight
was noted at the age of 1, 2, 3, 7, 10 and 12 months
while comparing the prevalence of underweight
among the three groups according to birth weight
viz. <2.50 kg, 2.50-2.99 kg, and ≥3.00 kg.
This study indicated that the prevalence of
underweight was significantly higher among the
male infants than the female infants at the age of
the 12th month. While, we study the effect of birth
weight (LBW/NBW) on the prevalence of
underweight of the infants at the age of 12th month,
indicated that LBW babies were 1.286 time more
likely to be underweight at this age (data not
shown). Furthermore, binary regression analysis
showed a significant relationship with underweight
and gender (Wald=4.178; P<0.05), but no such
association was found underweight and birth
weight (Wald=0.351; P>0.05) (data not shown).
Discussion
The weight-gain patterns of the infants were agespecific and nonlinear during the first year of life
when measured at frequent intervals (Table 1). The
similar patterns of weight gain during infancy were
noticed in previous studies14,15. During this one
year longitudinal study on the weight of the infants,
the average increase of weight was 0.46 kg per
month. In a similar study conducted in Bangladesh,
Karim and Mascie-Taylor16 reported that the
average increase of weight per month was 0.44 kg.
In the present study, we found that the highest
mean rate of growth in respect to weight occurred
during the first month (0.83±0.41kg) and the lowest
was between 11 and 12 months (0.23±0.27kg).
While, Karim and Mascie-Taylor16 in their study
found that the highest and lowest mean rate of
growth in respect to weight were in the first month
(1.03 kg) and between 9 and 10 months (0.16 kg)
respectively. In our study prevalence of
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girls28-30. Some earlier studies noted that there was
a difference in feeding practices among boys and
girls in the society that may be a significant factor
affecting growth pattern31,32. Popkin32 noticed the
early introduction of complementary feeding
among boys in comparison to girls and the greater
quantities of complementary food being provided
to boys. This too-early introduction of
complementary feeding among the boys also has a
negative impact on boys31.

There was no difference in the sexual dimorphism
in the birth weight as described in the previous
studies14,19. Lampl et al14 found a significant gender
difference in the birth weights but by the 10th day
this gender difference in the weight of the infants
was not evident but it re-emerged at 2 months of
age and continued across the first year. In a similar
study, conducted by Lahiri and Chakraborty19 in
rural areas of West Bengal, showed that the
weights of the male infants were comparatively
higher than the female infants in every month. In
our study, we found that gender difference in
weight of the infants started at 3 month and
continued across the first year. Hormonal status
and body composition is different for males and
females. Growth signalling cascade among males
and females is being more influenced by sex
hormonal status20. Normal growth rate pattern is
noticed in newborn from birth, reflects intact
growth hormone (GH) pathways21,22. GH
concentration is different among male and females
even in neonatal period23. Body composition, linear
growth, weight gain is being influenced by GH
pulsatility pattern, which is different in males and
females. GH pulse pattern of low troughs and high
peaks, characteristic of male is responsible for
higher growth rate in boys24. Irregular GH pulse
pattern of high troughs and low peaks is
characteristic of females. Similarly, irregular GH
pulsatility is noticed in slowly growing children25.
Sex differences in GH pulsatility influences
metabolic processes in liver24 and thus it affects the
rate of growth through downstream hormonal
effects26. This study also found that the prevalence
of underweight among boys in the age of 9 months
to 12 months was more than 30% (Table 3).
According to the categorisation of severity of
malnutrition by percentage prevalence ranges given
by WHO13, the prevalence of underweight among
the boys were ‘very high’ whereas the girls were in
‘high’ category of underweight by showing the
prevalence of underweight from 21.43% to 25.00%
during the said ages (Table 3). The Odds ratio
indicated that the boys were 1.945, 2.852, 1.945,
2.000 times more prone to become underweight
than the girls when they were in 9, 10, 11, 12
months respectively. Even though a strong
preference for the male child exists in a typical
Indian society, underweight is much more common
among boys. Possible explanation can be the
continuation of exclusive breast feeding in boys up
to 9 months, when breast milk is insufficient to
meet the nutritional needs of infants17. Since
preference for male child is high, mothers used to
take the male child to the kitchen during cooking,
thus exposing him to air pollution27 and this may be
responsible for acute respiratory infections (ARI)
and other health complications. Several studies
documented that the cooking smoke induced ARI
were more common among the boys than the

In this study the incidence of LBW was 16.5%
(Table 4). The recent report of the fourth National
Family Health Study (NFHS-4)9 found that the
incidence of LBW was 18.2% in India as a whole,
while in West Bengal state of India, the incidence
of LBW was 16.7%. The birth weight of the
neonate has both short term and long term impact
on the growth pattern. To study impact of the birth
weight on the growth pattern, the infants were
categorized into three groups based on birth weight
viz. <2.50 kg, 2.50-2.99kg and ≥3.00kg. The mean
birth weights of these three groups were 2.21kg,
2.63kg and 3.16kg respectively. After one year the
weights of these three groups were 7.99kg, 8.17kg
and 8.43kg respectively. This data is comparable to
the previous study conducted by Banik et al.33. This
is suggested that the weight of the infants both
during birth and at 12 months as documented by
Banik et al.33 were less than the weight of the
infants during the said time period in our study. If
we calculate the weight increment in terms of one
year, we found that it was maximum in <2.50
group (2.61 times) and minimum in ≥3.00kg (1.68
times). Similar result were noted in the previous
study where maximum increment was noted in
<2.50 group (2.30 times) and minimum in ≥3.00kg
(1.44 times). It indicated that the lower the weight
higher the tendency of catch up growth though it
could not touch the same level at the end of 12
months. This may be due to the tiniest and most
immature babies having late and poor catch up
growth34 and the morbidities like diarrhoea and
respiratory infections were higher in LBW babies35.
While comparing the prevalence of underweight at
12 months among the LBW and NBW infants, it
was observed that the prevalence of the said
parameter of the two groups were 37.04% and
31.39% respectively. This indicated that LBW
babies are 1.3 times higher chances of being
underweight than NBW babies when they were at
12 months (OR=1.286, 0.544-3.040; RR=1.232,
0.606-2.504). Rahman et al.36 when examining the
relationship between LBW and undernutrition
utilising data from the Bangladesh Demographic
and Health Survey 2011, found that at 12 months
of age the prevalence of underweight among the
LBW and NBW infants were 36.1% and 17.0%
respectively. In another study, Medhin et al.37
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