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INTRODUCTION 

The growth of a new-born infant is affected by many 

factors. The events that occur during prenatal, perinatal 

and post-natal periods have bearing on future growth and 

development of the new-born.But it is a universally 

accepted truth that adequate nutrition before and during 

pregnancy has the greatest potential for long term health 

of mother and the child.1 Thus, maternal nutrition is an 

important factor responsible not only for the health of the 

baby but also the child’s long term growth.2 Therefore the 

understanding of maternal nutrition and foetal growth is 

critical.3 Assessment of maternal nutritional status relies 

upon maternal physical markers like pre-pregnancy 

weight, height, BMI, gestational weight gain etc.4,5 

Birth weight plays an important role in infant mortality 

and morbidity, development, and future health of the 

child.6 World-wide, more than 20 million infants are born 

each year weighing less than 2500 g, accounting for 17% 

of all births in the developing world. Low birth weight 

(LBW, birth weight < 2500 g) leads to an impaired 
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growth of the infant with its attendant risks of a higher 

mortality rate, increased morbidity impaired mental 

development and the risk of chronic adult disease.7,8 The 

causes of low birth weight and prematurity are complex 

and interdependent, but the anthropometry of the mother 

and her nutritional intake are thought to be among the 

most important. 

Another important determinant of low birth weight and 

prematurity is maternal anaemia, most importantly 

nutritional due to iron deficiency.9,10 

There is a large body of research both in India and abroad 

studying the effect of maternal nutritional markers on 

their infant’s birth weight. However, association between 

other neonatal anthropometric indices and cord blood 

haemoglobin with maternal nutrition have been lacking 

prodding us to plan this study. The present study has been 

planned to evaluate the effects of maternal nutritional 

markers on their infant’s anthropometry and cord blood 

haemoglobin. 

Aims of the study was to study the effect of maternal 

nutritional markers on the anthropometry and cord blood 

haemoglobin concentration of their newborns. 

Objectives to study the effect of -  

• Maternal age and parity and  

• Biochemical nutritional marker (third trimester 

haemoglobin concentration) on 1. Stature of their 

newborn and 2. cord blood haemoglobin of their 

newborn.  

METHODS 

This was an observational prospective study carried out 

in the post-natal ward of a tertiary care hospital in an 

urban area. Before the commencement of the study a 

clearance was obtained from the hospital’s ethical 

committee. 

After delivery, women were taken to the ward and an 

informed consent was obtained and those willing were 

enrolled for this study. All post-partum women and their 

newborns, fulfilling the inclusion criteria’s were selected. 

A total of 100 mother-newborn pairs were enrolled over a 

period one year from July 2011 to June 2012. 

Inclusion criteria  

• Pre-term and term live birth neonate- mother pairs 

whose hospital stay exceeded 24 hours 

• Newborns born by vaginal and caesarean delivery. 

Exclusion criteria 

• Unregistered and un-investigated mothers 

• Mothers with diabetes mellitus, pregnancy induced 

hypertension and cardio-vascular disease 

• Twin newborns 

• Newborns having major congenital malformations. 

Maternal background information, third trimester 

haemoglobin concentration, gestational age and number 

of children was obtained and recorded in semi-structured 

case proforma Gestational age was calculated from the 

last date of the menstrual cycle.  

New-born weights were measured using electronic 

weighing scale to the nearest of 20 gm. Length, head 

circumference and chest circumference were measured 

within 48 hours after birth using non-stretchable 

measuring tape to the nearest of 0.5 cm. Genders of the 

babies were recorded and Ponderal index of the newborns 

was calculated using formula Weight (gms)/Length 

(cm3). 

As per WHO criteria, mothers having Hb < 11 gm% were 

considered anaemic and remaining were non-anaemic. 

Statistical analysis 

The data obtained was analysed using SPSS 20 software. 

Data was presented using percent, mean and standard 

deviation. The comparison between the groups was done 

using One Way Analysis of Variance for two groups. For 

more than two groups comparisons further post-hoc 

analysis was done using Tukey test. Pearson correlation 

coefficient was used for correlating the variables. P-value 

less than 0.05 was considered significant.  

RESULTS 

In the present study, out of the 100 newborns studied 56 

were males and 44 were females. 

A total 93 babies were delivered after 37 weeks of 

gestation (full-term) and 7 were delivered before 37 

weeks of gestation (pre-term). 

A total 64 of the 100 deliveries studied were conducted 

by normal vaginal route and rest 36 were Caesarean 

sections for various maternal or fetal indications. 

A total 78 babies were born with birth weight of more 

than 2500 gm (normal birth weight, NBW) and 22 were 

born with birth weight of less than 2500 gm (low birth 

weight, LBW). 

Out of the 78 normal birth weight (NBW) babies 47 were 

males and 31 were females as compared to 9 males and 

13 females of the 22 low birth weight babies. 

Of the 100 newborns, 43% were second born, followed 

by 35% first born, 18% third born and only 4% were 

fourth born by the order of their birth. Out of the 100 

studied mothers 52% were anaemic as per the WHO 

criteria and the remaining 48% were non-anaemic 

mothers. 
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The mean maternal ag was 28.07 years. The mean third 

trimester haemoglobin of the mothers evaluated in the 

study was 10.74 gm% (Table 1 and 2). 

The means of the maternal characteristics of the studied 

population as described in Table 1 are as follows. The 

mean maternal age was 28.07 years. 

Table 1: Age, anthropometric features and 

haemoglobin of mothers. 

Maternal characteristics Mean Median SD 

Maternal age (years) 28.07 28.00 4.654 

Maternal haemoglobin 

(gm%) 
10.74 11.00 1.926 

 

Table 2: Comparisons of means (ANOVA) of maternal age and maternal haemoglobin according to the gestational 

age of newborns. 

Maternal Characteristics (mean and SD) Term (n = 93) Preterm (n = 7) Total (n = 100) 

Maternal age (years) 28.22±4.63 26.14±4.88 28.07±4.65 

Maternal haemoglobin (gm%) 10.73±1.99 10.77±0.74 10.73±1.92 

Table 3: Comparisons of means (ANOVA) of neonatal anthropometry and cord blood haemoglobin according to 

their gestational age. 

New-born characteristics (mean and SD) Term (n = 93) Preterm (n = 7) Total (n = 100) 

Birth weight (gm) 2.885.91±398.82 2192.86±343.30 2837.40±431.90 

Length (cm) 50.42±2.74 47.86±1.35 50.24±2.49 

Head circumference (cm) 33.08±1.93 29.71±0.49 32.84±2.06 

Chest circumference (cm) 31.10±1.90 28.14±1.46 30.89±2.01 

Ponderal index 2.26±0.29 1.98±0.17 2.24±0.29 

Cord blood haemoglobin (gm%) 15.20±1.64 13.49±0.489 15.08±1.65 

Table 4: Comparisons of means (ANOVA) of maternal haemoglobin, neonatal anthropometric features and cord 

blood haemoglobin according to birth order. 

Birth order 1 (n = 35) 2 (n = 43) 3 (n = 18) 4 (n = 4) Total (n = 100) P-value 

Maternal haemoglobin (gm%) 11.0314 10.6953 10.7278 8.6500 10.7370 0.135 

Birth weight (gm) 2786.86 2901.86 2787.22 2812.50 2837.40 0.645 

Length (cm) 50.11 50.53 50.00 49.25 50.24 0.690 

Head circumference (cm) 32.87 32.69 33.11 33.00 32.84 0.907 

Chest circumference (cm) 30.78 30.88 31.19 30.55 30.89 0.893 

Ponderal index 2.22 2.24 2.28 2.34 2.24 0.826 

Cord blood haemoglobin (gm%) 15.78 15.00 14.19 13.83 15.08 0.002* 

Table 5: Pearson correlation coefficients (P-values in brackets) between maternal haemoglobin and neonatal 

parameters (anthropometry and cord blood haemoglobin). 

Parameters 
Birth weight 

(kg) 
Length (cm) 

HC 

(cm) 

CC 

(cm) 

Ponderal 

Index 

Cord blood 

Hb (gm%) 

Mothers Hb 

(gm%) 
0.368 (0.000)* 0.134 (0.185) 0.382 (0.000)* 0.412 (0.000)* 0.290 (0.003)* 0.458 (0.000)* 

*Statistically significant values 

 

Statistical significance was not obtained as the two 

groups were not comparable. 

The mean birth weight of the studied newborns in the 

present study was 2837.40 gm with a standard deviation 

of 431.896. The mean length, head circumference and 

chest circumference were 50.24 cm, 32.84 cm and 30.89 

cm respectively which were in normal range. The mean 

Ponderal index for the studied population was 2.24. The 

mean cord blood haemoglobin of newborns was 15.08 

gm% with a standard deviation of 1.648 which was in 

normal range. 

From Table 3, it was evident that the means of birth 

weight, length, head circumference, chest circumference, 

Ponderal Index and cord blood haemoglobin in full term 
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newborns was higher than that of the preterm newborns. 

Statistical significance was not obtained as the two 

groups were not comparable. 

On comparing the means of maternal haemoglobin, 

neonatal anthropometric features and cord blood 

haemoglobin according to birth order on analysis of 

variance it is evident that cord blood haemoglobin values 

decreased as the order of birth increased and this value is 

statistically significant (p = 0.002)*. There are no 

significant associations between order of birth and other 

variables mentioned in the table above (Table 4). 

There is statistically significant positive correlation 

between mother’s third trimester haemoglobin and birth 

weight (P = 0.000)*, head circumference (p=0.000)*, 

chest circumference (p = 0.000)*, Ponderal Index (p = 

0.003)* and cord blood haemoglobin (P = 0.000)* of the 

newborn (Table 5). 

On correlating mother’s third trimester haemoglobin with 

cord blood haemoglobin values in the newborns, there 

was very strong statistically significant (P = 0.000) 

positive correlation between the two variables suggesting 

maternal anaemia causes a significant fall in cord blood 

haemoglobin values. 

There is statistically significant (p = 0.002)* negative 

correlation between order of birth and cord blood 

haemoglobin (Table 6). 

The cord blood haemoglobin of normal birth weight 

newborns is significantly higher as compared to that of 

low birth weight newborns. This comparison has a strong 

statistical significance (p = 0.000)* (Table 7). 

 

Table 6: Pearson correlation coefficients (P-values in brackets) between order of birth and neonatal parameters 

(anthropometry and cord blood haemoglobin). 

Parameters 
Birth weight 

(kg) 
Length (cm) 

HC 

(cm) 

CC 

(cm) 

Ponderal 

Index 

Cord blood 

Hb (gm%) 

Birth order 0.019 (0.853) -0.038 (0.705) 0.030 (0.766) 0.039 (0.697) 0.091 (0.368) -0.373 (0.000)* 

Table 7: Comparisons of means (ANOVA) of maternal age, height, BMI and haemoglobin according to the birth 

weight of the newborns. 

Maternal characteristics (mean and SD) LBW (n = 22) NBW (n = 78) Total p-value Sig < 0.05 

Maternal age (years) 28.33±4.94 28.03±4.60 28.07±4.65 0.859 

Maternal Haemoglobin (gm%) 9.25±2.33 11.16±1.58 10.74±1.93 0.000* 

Table 8: Comparisons of means (ANOVA) of neonatal anthropometry and cord blood haemoglobin with respect to 

maternal third trimester haemoglobin. 

Parameters (means and SD) Maternal anemia (Hb<11) No anemia (Hb>11) Total p-value 

Birth weight 2774.62 ±457.76 2905.42±395.53 2837.40±431.90 0.131 

Length 50.46 ±2.28 50.00±2.70 50.24±2.49 0.357 

Head circumference 32.66 ±2.18 33.04±1.91 32.84±2.06 0.361 

Chest circumference 30.50 ±2.42 31.31±1.35 30.89±2.01 0.046* 

Ponderal index 2.16 ±0.25 2.33±0.30 2.24±0.29 0.003** 

Cord blood hemoglobin 14.53 ±1.55 15.68±1.55 15.08±1.65 0.000*** 

*Statistically significant values 

 

Also, the cord blood haemoglobin concentrations of the 

low birth weight babies were significantly lower than that 

of the normal birth weight babies (Table 7). 

On comparing the means of neonatal anthropometry and 

cord blood haemoglobin with respect to maternal third 

trimester haemoglobin it is found that mothers with 

anaemia (Hb < 11gm%) have significantly lower chest 

circumference (P = 0.046)*, Ponderal index (0.003)** 

and cord blood haemoglobin concentrations (p = 

0.000)*** (Table 8). 

DISCUSSION 

Anthropometry is defined as the scientific study of the 

measurements and proportions of the human body.11 The 

use of anthropometry in medicine, more specifically in 

child development gives an early clue to nutritional 

disorders. Anthropometry has been since long used as a 
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marker of well-being of a newborn infant. It not only 

suggests the general well-being of the neonate, but also 

suggests pattern of growth during the intra-uterine life. 

The present study attempts at studying the effect of 

maternal nutritional markers on neonatal stature and 

haemoglobin. 

Birth weight is an important indicator of child survival.12 

The health of the mother affects the birth weight. It has 

been associated with socio-demographic, clinical, racial, 

hereditary, personal and even seasonal and geographical 

factors.13-16 A normal baby weighs around 3.3 kg at birth 

and loses around 10% of birth weight during first 7 days 

of life, which is regained by the 10th day.17 

Depending upon the weight, the neonates are termed as 

low birth weight (< 2500 gm), very low birth weight (< 

1500 gm) or extremely low birth weight (< 1000 gm).18 

Birth weight is a good indicator of intra-uterine growth of 

a foetus. It also affects adult life.19 

The WHO global action report on preterm birth 2012 puts 

the world-wide incidence of preterm births (< 37 weeks) 

at 11.1%, Elshibly and Schmalisch in 2008 in a study of 

1000 births in Sudan, reported preterm birth rate of 

5.7%.18,19 It is comparable to our study which showed the 

same as 7%. This was probably due to the better antenatal 

services and nutrition offered to the mothers 

predominantly residing in an urban area. 

The incidence of low birth weight as calculated by our 

study is 22% which was lower than the national 

standards; however 68% of the low birth weight babies 

were full term, complying with the national figures. In 

developing countries like ours, this can be attributed to 

intra-uterine growth retardation due to variety of factors, 

of which, one of the most important is poor maternal 

nutrition.20 

Our study found significant fall in cord blood 

haemoglobin values with increase in the birth order 

(parity) (Table 4). Correlation between the birth order 

and cord blood haemoglobin showed very strong 

statistical significance (P = 0.000) between the two 

variables. This can be attributed to our finding of 

maternal anaemia with increasing parity (Table 5), 

though not statistically significant. Elshibly and 

Schmalisch reported significantly increased birth weight 

with increasing birth order as have also demonstrated by 

various other studies.19,20 Our study failed to demonstrate 

any significant correlation between order of birth and any 

of the studied neonatal anthropometric parameters like 

birth weight, length, head circumference, chest 

circumference and ponderal index (Table 6). 

The present study revealed that more than half (52%) of 

the pregnant mothers were anaemic. All the mothers with 

low birth weight babies were anaemic as per the WHO 

cut-off values for anaemia in pregnancy (Hb < 11.0 

gm%). The third trimester haemoglobin values of the 

mothers with low birth weight babies were significantly 

lower than that of mothers with normal birth weight 

babies (Table 7).21 An Indian study by authors, Kumar 

KJ, Asha N et al reported similar incidence of maternal 

anaemia as in the present study. They found increased 

incidence of low birth weight if the mothers were 

anaemic in the third trimester of pregnancy.22 Our study 

also reported a similar trend. 

Like in all other studies, third trimester maternal 

haemoglobin not only showed very strong positive 

correlation with the birth weight in our study, but it also 

revealed significant effects over other neonatal 

anthropometric markers like head circumference, chest 

circumference and Ponderal Index, as well as on cord 

blood haemoglobin values. 

CONCLUSION 

Widespread nutrition deprivation among women 

perpetuates an inter-generational cycle of nutrition 

deprivation in children. Undernourished girls grow up to 

become undernourished women who give birth to a new 

generation of undernourished children. This inter-

generational cycle of undernutrition transmitted from 

mothers to children greatly impacts on India’s present 

and future. The anaemic mothers give birth to babies who 

are not only low birth weight but also have less stature. 

This shows the overall hampering effect maternal 

anaemia has on fetal growth. 

Maternal age, parity and anemia has a very significant 

impact on the neonatal anthropometric parameters. Thus, 

it is concluded that maternal nutrition not only during 

gestation, but also during the crucial periods of growth in 

the pre-child bearing age group has a very significant 

impact on fetal development. 
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