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Abstract 
Aim: To evaluate the somatic growth of children with a very low birth weight 
Materials and Methods: This prospective observational study was conducted in the Department of pediatrics, 
Netaji Subhas medical College and Hospital, Bihta, Patna, Bihar, India. VLBW babies (weight <1500 g), admitted 
within 72 h of life and discharged alive, were followed up prospectively. The baseline data were collected before 
discharge from the hospital and babies were followed up till 40 weeks postmenstrual age. Babies with major 
congenital malformations (major cardiac malformation, anencephaly, obstructive uropathy, congenital 
diaphragmatic hernia, and intestinal atresia) and syndromic babies were excluded from our study. Infants were 
classified SGA if the birth weight was below 10th centile as per Fenton’s growth charts. The weight, length, and 
head circumference (HC) were recorded at birth, discharge, and at 40 weeks post-menstrual age.  
Results: During the study period, around 53 infants were admitted to our hospital and around 42 were taken for 
consideration in this study. Of these 42 babies, 37 (70%) were male. The mean gestational age was 30 ± 2.5 weeks 
and the mean birth weight was 1199 ± 216 g. Demographic profile of the study population has been presented in 
Table 1. At 40 weeks post-menstrual age, 21% of VLBW infants were underweight. We did not find any 
association between the infant diet and growth failure. The mean time to reach full enteral feeds (200 ml/kg/d) 
was 7.11 ± 2.12. The mean Z scores for weight, length and HC at birth were –0.88, –0.59, and –0.64, respectively. 
At the time of discharge, the same were –1.12, –1.12, and –1.11, respectively, and –1.69, –1.03, and –0.73, 
respectively, at 40 weeks of post-menstrual age.  
Conclusions: In our study, 21% of LBW infants were underweight at 40 weeks post-menstrual age. Both SGA 
and AGA infants exhibited a growth lag as indicated by a fall in Z scores for all three parameters from birth to 
discharge. We did not find any association between the infant diet and growth failure. Furthermore, the rapid 
progression of feeds did not have any significant adverse effects in our study population.  
Keywords: Somatic growth, Children, Very low birth weight 
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Introduction 

Somatic growth, encompassing both physical and 
developmental aspects, is a pivotal indicator of 
neonatal health, particularly in very low birth weight 
(VLBW) infants, defined as those weighing less than 
1500 grams at birth. These infants face significant 
challenges due to their premature birth and reduced 
nutritional reserves, necessitating specialized care to 
promote optimal growth and development. Somatic 
growth serves as a vital marker of overall health and 
neurodevelopmental outcomes in VLBW infants. 
Achieving appropriate growth rates is crucial during 
the neonatal period and beyond, influencing long-
term health outcomes such as cognitive function and 
metabolic health. Inadequate growth during this 
critical period is associated with increased risks of 

neurodevelopmental impairments and chronic 
diseases later in life. [1] Therefore, monitoring and 
promoting optimal somatic growth are fundamental 
aspects of neonatal care for VLBW infants. Several 
interrelated factors contribute to somatic growth in 
VLBW infants. Nutrition plays a central role, as 
these infants often require specialized feeding 
strategies to meet their high metabolic demands and 
promote catch-up growth. Breast milk, with its 
immunological and nutritional benefits, is preferred 
but may need fortification to meet the increased 
nutrient requirements of VLBW infants. Formula 
feeding is also common, offering controlled nutrient 
content but requiring careful monitoring to prevent 
overfeeding and associated complications. Medical 
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interventions and comorbidities significantly impact 
growth outcomes. [2-4] Respiratory distress 
syndrome, sepsis, and necrotizing enterocolitis are 
common in VLBW infants, complicating feeding 
tolerance and nutrient absorption. Timely 
management of these conditions is crucial to 
minimize their adverse effects on growth and 
development. The developmental environment of 
the neonatal intensive care unit (NICU) also 
influences somatic growth. Factors such as noise 
levels, light exposure, and handling practices can 
affect physiological stress and nutrient utilization in 
VLBW infants. Developmentally supportive care 
practices, including minimizing stressors and 
promoting kangaroo care, have been shown to 
improve growth outcomes and neurodevelopmental 
outcomes in this population. Optimizing nutrition is 
paramount in promoting somatic growth in VLBW 
infants. Recent research emphasizes the importance 
of individualized feeding plans tailored to each 
infant's unique nutritional needs. [5-7] Human milk 
fortification with added proteins, fats, and minerals 
has been shown to support better growth outcomes 
compared to unfortified breast milk or formula 
alone. Innovations in parenteral nutrition and enteral 
feeding protocols aim to provide adequate 
macronutrients and micronutrients while 
minimizing the risks of feeding intolerance and 
complications. 

Materials and Methods 

This prospective observational study was conducted 
in the Department of pediatrics, Netaji Subhas 
medical College and Hospital, Bihta, Patna, Bihar, 
India for one year. VLBW babies (weight <1500 g), 
admitted within 72 h of life and discharged alive, 
were followed up prospectively. The baseline data 
were collected before discharge from the hospital 
and babies were followed up till 40 weeks 
postmenstrual age. Babies with major congenital 
malformations (major cardiac malformation, 
anencephaly, obstructive uropathy, congenital 
diaphragmatic hernia, and intestinal atresia) and 
syndromic babies were excluded from our study. 
Infants were classified SGA if the birth weight was 
below 10th centile as per Fenton’s growth charts. 
The weight, length, and head circumference (HC) 
were recorded at birth, discharge, and at 40 weeks 
post-menstrual age. Weight was taken on a standard 
electronic weighing scale with an error of ±5 g 
without clothes. The length was measured with an 
infantometer. The infant was held supine and legs 
fully extended. The feet were pressed against the 
movable foot piece with the ankles flexed to 90°. HC 
was measured with non-stretchable fiberglass tape at 
the occipitofrontal diameter. The maximum weight 
loss was calculated from the difference of minimum 
weight and birth/admission weight. The age at 
maximum weight loss and times taken to regain birth 
weight were also calculated. To ensure a good 

follow-up rate, the permanent and present addresses 
along with phone numbers were recorded. For cases 
that did not turn up for the follow-up, parents were 
contacted by the principal investigator. For babies 
who failed to have follow-up till 40 weeks post-
menstrual age, anthropometric data available till 
discharge/last visit was considered. For babies <600 
g, 1 ml feed (only expressed breast milk) every 6 h 
was started at 24 h of age if the baby remained 
hemodynamically stable with a volume increase of 
1 ml/day after every 48 h. For babies between 600 
and 999 g, feed of 1 ml every 4 h was started at 24 h 
of age with a volume increase of 1 ml/day after every 
48 h. In babies with birth weights between 1000 and 
1399 g, feed of 2 ml every 4 h was started at 12 h of 
age with a volume increase of 3 ml/day after every 
36 h. For babies, more than 1400 g, feed of 2 ml 
every 2 h was started at 12 h of age with a volume 
increase of 4 ml/day after every 24 h. Target feeds 
were 200 ml/kg/day. IV fluids were stopped once the 
baby reached 100 ml/kg/day of enteral feed. Spoon 
feeds were tried once the baby reached 33 weeks of 
postmenstrual age or earlier if the baby demanded 
so. Minimal enteral nutrition (MEN) was started if 
the baby remained hemodynamically stable (not on 
any inotropes) and had no increasing oxygen 
requirement till the time designated for initiation. As 
far as possible only breast milk was used for MEN. 
Feed progression was made if the baby tolerated 
MEN well, remained hemodynamically stable; there 
was no significant increase in abdominal girth and 
no bilious or bloody aspirates (aspiration done only 
if there was significant abdominal distension; ≥1.5 
cm for babies below 1000 g and ≥2.0 cm for babies 
more than 1000 g) If there were bilious or bloody 
aspirates or more than 50% of the previous feeds as 
aspirate, feeds were withheld for the next feed only 
but if it occurred on the next feed also, feeds were 
withheld for 24 h and the baby was re-evaluated after 
24 h for readiness to accept feeds. In case of bloody 
aspirate, if fresh blood was aspirated, feeds were 
withheld for 24 h. If necrotizing enterocolitis was 
suspected in a neonate, feeds were withheld for a 
minimum of 72 h before initiating feeds. At 
discharge, mothers were advised to continue 
breastfeeding or formula (preterm formula), if the 
baby was already receiving formula feeds in the 
NICU. 

Statistical Analysis 

The Z scores for weight, length, and HC for each 
gestation were calculated based on means and 
standard deviations at birth, at discharge and at 40 
weeks post-menstrual age. Mean Z scores for 
weight, length, and HC of the whole cohort were 
compared at birth, discharge, and 40 weeks and 
similar comparisons were made between SGA and 
AGA infants. 

Results 
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During the study period, around 53 infants were 
admitted to our hospital and around 42 were taken 
for consideration in this study (Fig. 1). Of these 42 
babies, 37 (70%) were male. The mean gestational 
age was 30 ± 2.5 weeks and the mean birth weight 
was 1199 ± 216 g. Demographic profile of the study 
population has been presented in Table 1. At 40 
weeks post-menstrual age, 21% of VLBW infants 
were underweight. We did not find any association 

between the infant diet and growth failure. The mean 
time to reach full enteral feeds (200 ml/kg/d) was 
7.11 ± 2.12. The mean Z scores for weight, length 
and HC at birth were –0.88, –0.59, and –0.64, 
respectively. At the time of discharge, the same were 
–1.12, –1.12, and –1.11, respectively, and –1.69, –
1.03, and –0.73, respectively, at 40 weeks of post-
menstrual age (Table 2).  

 
Table 1: Baseline characteristics of the study population 

Characteristic Number (percentage) 
 /mean±SD 
Male 37 (70) 
Mean birth weight (g)* 1199±215.7 
Extremely Low Birth Weight 10 (21) 
Mean Gestation* 30±2.5 
Small for Gestational Age 10 (21.7) 
Appropriate for Gestational Age 36 (78.3) 
Inborn 33 (62) 
Antenatal Steroid  
Complete 17 (37) 
Partial 11 (24) 
Multiple pregnancies 10 
Abnormal Doppler 10 (19) 
Mean duration of initial IV fluid (Hr) 78.77±32.43 
Cumulative weight loss (%) 12.06±5.00 
Days to reach full feeds 7.11±2.12 
No of days to regain birth weight 11.73±3.72 
Mean gestation at discharge 36 
The median duration of hospital stay 30 (14–45) 
Late-onset sepsis 0 
Necrotising enterocolitis 1 (2.1) 
Patent ductus arteriosus 11 (23.9) 
Chronic lung disease 5 (10.6) 

 
Table 2: Growth parameters at birth, discharge, and 40 weeks post-menstrual age 

Z Score  At birth   At discharge At 40 weeks PMA 
ALL AGA SGA ALL AGA SGA ALL AGA SGA 
Weight –0.88 –0.48 –2.24 –1.12 –0.71 –2.58 –1.69 –1.31 –3.07 
Length –0.59 –0.21 –1.96 –1.12 –0.63 –2.90 –1.03 –0.57 –2.73 
HC –0.64 –0.31 –1.90 –1.11 –0.80 –2.25 –0.73 –0.48 –1.67 

 
Discussion 

The main objective of this study was to evaluate the 
evolution of anthropometric parameters and the 
nutritional status of VLBW infants and to analyze 
factors influencing growth failure. At 40 weeks post-
menstrual age, 21% of LBW infants were 
underweight. We did not find any association 
between the LBW infant diet and growth failure. Up 
to 60 million infants are born at home annually [6], 
and up to 48% of infants worldwide are not weighed 
at birth [7]. The prevalence of VLBW neonates 
70%) in our study is comparable to the previous 
reports [6,7]. In a follow-up study done by 

Mukhopadhyay et al. [8] , a similar trend of growth 
failure was found till the corrected gestational age 
(CGA) of 1 year. In their study, mean Z scores for 
weight (–2.3 ± 1.2−–1.7 ± 1.4; p=0.005) and length 
(–2.1 ± 1.5−–1.5 ± 1.3; p=0.004) increased 
significantly, from 40 weeks to 1 year of age. At 40 
weeks, 63%, 53%, 13%, and 52% of neonates were 
underweight, stunted, had microcephaly and 
wasting, respectively which changed to 41%, 32%, 
21%, and 27%, respectively, at 1 year of age. They 
concluded that weight Z-score at 3 months of age 
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was an independent predictor of malnutrition at 1 
year. 

In Senegal, Faye et al. [9] reported extra-uterine 
growth retardation (86%), underweight in 61%, and 
41% babies at 3 months, and 6 months of CGA, 
respectively. Recently, there are other opinions 
about the adjustment of postnatal growth trajectories 
because all neonates including very preterm infants 
lose extracellular fluid after birth and tend to follow 
a lower percentile than their birth percentile. 
However, extrauterine growth restriction commonly 
occurs in neonatal units .[10,11] The growth of 
VLBW infants during the first 12 months of life is 
influenced by several factors, from the nutritional 
status in utero, nutritional practices in the NICU and 
the follow-up period, as well as regional, cultural, 
and environmental aspects, which need to be 
clarified in further studies designed for this purpose. 
[12] 

Another study by Chand et al. [13] studied the early 
morbidities of LBW neonates, and found a 
significant association of birth weight with 
hypothermia and hypocalcemia, whereas gestational 
age was associated with hypocalcemia and 
respiratory distress syndrome. They also concluded 
that the priority should be given to adequate 
attention to LBW neonates. As advances in neonatal 
care have significantly improved the survival rate of 
VLBW preterm infants, continuous growth 
monitoring from the time of birth is a good predictor 
of clinical status, outcomes of treatment, and 
nutritional status. In particular, since growth has a 
direct effect on neurological development, 
monitoring of growth patterns is very important for 
NICU clinicians. [14] 

SGA is defined as a birth weight of <10th percentile 
for the gestational age. [15]  The lack of data 
available has encouraged the development of a 
mathematical model to calculate the expected 
number of adverse events, including neonatal and 
maternal deaths, SGA, preterm birth, and major 
congenital malformations. [16] According to the 
Fenton’s intrauterine growth references, infants in 
our study were smaller at birth in all three 
parameters. These infants exhibited a growth lag 
during the hospital stay as indicated by a fall in Z 
score in each of the three parameters from birth to 
discharge. Both SGA and AGA infants exhibited a 
decrease of approximately 0.8 Z score in all 
parameters. The observation is similar to a study 
done by Saluja et al. [17]. In their study also, both 
SGA and AGA infants had a significant drop of 
approximately 1 Z score in all parameters including 
weight, height, and HC during hospital stay. A 
greater incidence of poor growth has been reported 
in SGA infants than in AGA infants. Sung et al. [18], 
compared SGA infants with AGA infants matched 
for either gestational weight or birth weight up to the 
age of 3 years and concluded that intrauterine 

growth restriction in VLBW infants has a significant 
long-term impact on growth. In our study, SGA 
infants had a significant drop in their growth Z 
scores during the hospital stay but showed adequate 
growth of length and HC at 40 weeks post-menstrual 
age. SGA and AGA babies continued to remain 
within 1 standard deviation in all the parameters at 
discharge and 40 weeks post- menstrual age. The 
mean time to reach full enteral feeds (200 ml/ kg/d) 
was 7.11 ± 2.12. In a study done by Jaiswal et al. 
[19], the mean age at full feeds (150 ml/kg/d) was 
7.2 ± 4.7 days. It was delayed by nearly 1 week (13.5 
days) in the study by Gianini et al. [20] and by 1–2 
weeks (median of 15 and 20 days in the conventional 
and aggressive nutritional groups, respectively). 
Any anthropometric measurement that is chosen as 
an alternative to birth weight should be very 
sensitive so that the majority of LBW newborns 
would be identified for referral and extra care. At the 
same time, it has to be highly specific to prevent 
unnecessary referrals of normal weight babies to 
higher-level centers. [21] Several anthropometric 
measurements, including chest circumference, foot 
length, and mid-upper arm circumference, have been 
assessed as proxies for birth weight. [22,23] The 
head growth in the recovery phase is strongly 
associated with improved cognitive and motor 
outcomes; especially, in very preterm AGA infants. 
In contrast, SGAs showed different growth patterns, 
and the phase was not associated with 
neurodevelopmental outcomes A recent study by 
Kagithapu et al. [24], concluded that calf 
circumference as a single most useful 
anthropometric measure to predict LBW. Its 
sensitivity of 100% with a relatively higher 
specificity of 67.5% indicates its ability mainly to 
rule out LBW in a baby if calf circumference is 
>10.5 cm. Shlomai et al. [25] conducted a 
population-based study on VLBW infants born at 
24–32 weeks of gestational age and who were 
discharged home at ≤40 weeks CGA. In their study, 
the percentage of babies with severe growth failure 
decreased significantly from 11.5% in 1995–2000 to 
5.2% in 2006–2010, and those with mild growth 
failure declined from 40.1% to 9.8% during these 
periods (p<0.001). 

Conclusions 

In our study, 21% of LBW infants were underweight 
at 40 weeks post-menstrual age. Both SGA and 
AGA infants exhibited a growth lag as indicated by 
a fall in Z scores for all three parameters from birth 
to discharge. We did not find any association 
between the infant diet and growth failure. 
Furthermore, the rapid progression of feeds did not 
have any significant adverse effects in our study 
population. A large multicentric randomized trial is 
warranted to compare the effect of exclusive 
aggressive enteral feeding with short-duration 
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parenteral nutrition on long-term anthropometry and 
neurodevelopment outcome. 
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