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ABSTRACT

Effect of gestational age on growth of 
low birth weight infant: retrospective cohort study

Reva Audria Khairani1, Tri Faranita1*, Yanti Harjono Hadiwiardjo2, 
Fachri Razi3

Introduction: Growth is essential in children, especially in the first two years of life. History of low birth weight (LBW) and 
gestational age are known to be several factors that influence growth and relate to growth retardation. This study aims to 
analyze the effect of gestational age on the growth of LBW infants.
Methods: An observational analytical study design with a retrospective cohort approach and quantitative study methods 
was conducted in September 2023. Subjects were gathered by simple random sampling. Twenty-four preterm infants and 24 
full-term infants born from September 2021 to September 2022 who met the inclusion criteria were followed up. Subjects 
were weighed on a scale, and the results were plotted on the World Health Organization (WHO) weight-for-age growth chart. 
The plotted results are presented as a Z-score, which can be further categorized into two groups: severely underweight and 
underweight (growth not achieved), along with normal and risk of overweight (growth achieved).
Result: Of the 48 subjects, the majority were male (66.67%), aged between 12-15 months (39,6%), born by cesarean section 
(83.3%), and had a history of exclusive breastfeeding (64.6%). Most subjects with a history of full-term and preterm LBW 
were in the normal category (70.8% and 75%, respectively). The result showed full-term LBW infants have 1.75 times greater 
risk of not achieving growth than preterm LBW with RR 1.750 (95%CI 0.588 to 5.207). 
Conclusion: Gestational age affects growth, with full-term infants at more risk of not achieving growth.
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INTRODUCTION 
Monitoring growth in children aged 1-2 
years is essential because the first phase 
of rapid growth occurs in this age range, 
and failure to grow in the first two years 
of life is associated with a decrease in 
height in adulthood.1 One of the problems 
with children’s growth is stunting, which 
is the result of long-term malnutrition 
disrupting growth and development. 
Stunting results in below-average 
physical growth, impaired cognitive 
development, and vulnerability to disease. 
If not immediately detected and treated, 
stunting can cause a decline in the quality 
of human resources in a country. LBW is 
the dominant risk factor causing stunting.2

Low Birth Weight (LBW) babies are 
born with a weight of less than 2500 grams 
without assessing the gestation period. 
LBW can be caused by preterm birth (< 37 
weeks) or full-term (37-42 weeks) which 
the growth of the fetus in the uterus is 

retarded. Until now, LBW is one of the 
health problems considered to be the cause 
of increased morbidity and mortality rates 
during the neonatal period. Globally, 
there are around 15 -20% of babies born 
with LBW out of 20 million births per 
year.3 Based on 56.6% of toddlers with 
birth weight records in Indonesia, LBW 
cases were recorded at around 6.2%, and 
in West Java province, it was 6.32%.4 Data 
on the incidence of LBW in the city of 
Depok in 2020 was 0.63%, and in 2021, 
it was 0.65%, which shows an increase of 
0.02%.5,6 Apart from being at high risk of 
morbidity and mortality, LBW babies are 
also more susceptible to growth disorders. 
The results of a previous study conducted 
in Korea showed that a significant number 
of babies with a history of low birth weight 
could not keep up with growth.7

The differences in the body composition 
between full-term or small-for-gestational 
age (SGA) and preterm babies also can 
contribute to growth because the full-

term babies that experience intrauterine 
growth restriction (IUGR) have 
placental insufficiency, which disrupts 
the distribution of oxygen and nutrients. 
Compared to babies without IUGR, the 
SGA ones have significantly decreased fat 
mass (FM) and fat-free mass (FFM). This 
shortfall may limit the significant gain in 
fetal weight that often happens at this age.8 
Inadequate growth during pregnancy and 
early childhood can permanently reduce 
fat-free mass.9 Furthermore, to adapt to 
the uterine environment, fetuses with 
IUGR go through various hemodynamic 
and metabolic changes that may result in 
long-term modifications to the structure 
and function of several organ systems.10 
As a result, growth may vary between full-
term and preterm babies.

Therefore, this study aims to compare 
the growth between LBW infants who 
were born at full-term and preterm at 
Permata Hospital, Depok.
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Table 1.	 The characteristics of subjects
Characteristic N=48
Gender, n (%)

Male 32 (66,7)
Female 16 (33.3)

Age, n (%)
12-15 months 19 (39.6)
16-18 months 11 (22.9)
19-21 months 8 (16.7)
22-24 months 10 (20.8)

Birth History, n (%)
Normal delivery 8 (16.7)
Cesarean section 40 (83.3)

Exclusive breastfeeding, n (%)
Yes 31 (64.6)
No 17 (35.4)

Table 2.	 Growth distribution of LBW infants

Gestational age
Growth (N=48)

Total RR (95% CI)
Not achieved Achieved

Full-term, n (%) 7 (29.2%) 17 (70.8%) 24 1.750 (0.588 to 5.207)
Preterm, n (%) 3 (12.5%) 21 (87.5%) 24

METHODS
This study used an observational analytical 
study design with a retrospective 
cohort approach and quantitative study 
methods. In September 2023, the study 
was conducted at Permata Hospital 
in Sawangan, Depok City, West Java, 
Indonesia. LBW infants born at Permata 
Hospital between September 2021 and 
September 2022, whose parents or 
guardians gave permission, in good health, 
and without any congenital abnormalities 
were included. The exclusion criteria in the 
study were absent at the time of the study. 
Forty eight LBW infants were selected 
using a simple random sampling method. 
All the LBW infants were followed up 
until September 2023. The subjects were 
divided into two groups: full-term LBW 
and preterm LBW. The sample calculation 
were conducted using the two-proportion 
difference hypothesis test formula, which 
yielded a minimum requirement of 22 
subjects per group. With the estimated 
dropout probability of 10%, the adjusted 
sample for each group was determined to 
be 24 subjects, resulting in a total sample 
size of 48 participants. The corrected age 
was applied to the preterm LBW group. 
Study instruments included weight scales, 
the WHO weight-for-age growth chart, 
the maternal and child health handbook, 

and questionnaires. 
We gathered information regarding 

the subject’s gender, age, birth history, 
and history of exclusive breastfeeding 
prior to the measurement. The weight 
was measured using the neonatal weight 
scale at Permata Hospital, and the results 
were plotted on the WHO weight-for-age 
growth chart. The Z-score from the growth 
chart classified the outcomes as severely 
underweight, underweight, normal, and 
risk of overweight.

The data was analyzed using a relative 
risk test. Data testing was carried out using 
IBM SPSS Statistics for Windows Version 
25.0. 

RESULTS
There were 221 newborns (13%) with 
low birth weight out of 1701 babies born 
at Permata Depok Hospital between 
September 2021 and September 2022. 
From 221 data of LBW infants born from 
September 2021 to September 2022 at 
Permata Depok Hospital, 24 subjects in 
the full-term LBW group and 24 subjects 
in the preterm LBW group were obtained 
randomly. The study conducted in 
September 2023 used 48 subjects that met 
the study criteria. 

The characteristics of subjects are 
shown in Table 1. The gender of subjects 

who met the inclusion criteria was 
dominated by male (66.7%), in the age 
range of 12-15 months (39.6%), born 
by cesarean section (83.3%), and had a 
history of exclusive breastfeeding (64.6%). 
Most of the full-term LBW was found in 
the growth achieved category (70.8%). 
This result was also found in preterm LBW, 
where the majority of the results were in 
the normal category (87,5%). 

The relative risk for unachieved growth 
in full-term LBW infants is 1.750. Full-
term LBW infants are 1.75 times more 
likely to experience unachieved growth 
than those who have preterm LBW (Table 
2).

DISCUSSION
Growth is a quantitative change that can 
be observed physically in children. Several 
factors, such as nutritional intake, genetics, 
hormones, stress, and the environment 
can influence growth in children.11 Apart 
from that, the body composition difference 
between full-term babies undergoing 
intrauterine growth restriction (IUGR) 
or small for gestational age (SGA) babies 
and preterm babies may result in growth 
differences. This is affected by placental 
disruption; in the meantime, fetal growth 
depends on the placenta’s blood vessel 
formation, oxygen delivery, and endocrine 
control of cellular growth.12 IUGR fetuses 
have a disproportionately low fat mass 
compared to their lean mass.8 Poor fetal 
growth will cause them to have limited 
lean body mass and metabolic capability.13 
Other than that, preterm newborns 
are known to often have less than ideal 
growth, with many being discharged 
at lower weight, head circumference, 
and length percentiles than when they 
were delivered.14 Preterm newborns 
are susceptible to cumulative protein 
and energy shortages that lead to extra-
uterine growth restriction (EUGR) during 
the neonatal stay and after discharge, 
regardless of growth restriction at birth.15

In September 2023, 48 subjects were 
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included in this study. Majority of the 
subjects in the full-term and preterm 
group were in growth achieved category 
(70.8% and 87,5%, respectively). Growth 
achieved is closely related to catch-up 
growth. Catch-up growth is a process that 
occurs naturally, influenced by the child’s 
age, and results in babies with low birth 
weight reaching normal weight.16 Babies 
who experience growth retardation after 
birth, especially preterm babies, must catch 
up with growth in weight, body length, 
and head circumference. According to 
a previous study, preterm babies have 
a critical “window of opportunity” for 
growth rate within two to three months 
of the corrected age. This window of 
opportunity will significantly impact the 
babies’ future growth and development. 
In their first year of life, preterm babies 
should achieve growth close to full-term 
babies. Efforts to catch up on growth begin 
during the first month of life and often 
reach normal growth targets within the 
first two years of life.7 

All the nutrients essential for growth 
and development are included in 
breast milk, so international guidelines 
recommend that exclusive breastfeeding 
be given to babies for the first six months.17 
Children who receive exclusive breast milk 
can have better body immunity to avoid 
the risk of infections such as diarrhea 
that results in decreased appetite and 
suboptimal absorption of nutrients, which 
can cause the nutrients to be insufficient 
to support healthy growth.18 For low birth 
weight babies, breast milk is the best 
nutrition source since it can guard against 
future health issues.19 In addition, babies 
who receive exclusive breast milk can have 
their nutritional needs met to support 
normal growth in terms of weight and 
height.20 The majority of subjects (64.6%) 
in this study had exclusive breastfeeding 
history. According to this study, 12 of 
the 24 participants in the preterm LBW 
group and 19 of the 24 subjects in the full-
term LBW group, respectively, obtained 
exclusive breastfeeding. This result is 
lower than the coverage rate for babies 
receiving exclusive breastfeeding in Depok 
in 2021 (73.6%) and 2022 (74%).5,21 This 
can be caused by several problems, such 
as physical problems in the mother due 
to lack of nutritional intake, psychological 

issues or pressure, delayed initiation of 
early breastfeeding, the mother’s job, and 
the mother’s educational status.22 

Premature babies often need additional 
sources of nutrition and calories that can 
be provided by formula milk, especially 
when breast milk is insufficient. This can 
be shown from this study that 16 out 
of the 24 subjects in the preterm LBW 
group consumed formula milk. Babies 
fed formula milk have higher plasma 
insulin levels than breastfed babies, so this 
will stimulate fat accumulation and early 
development of adipocytes.23 In addition, 
higher protein intake from formula 
milk can accelerate weight gain.24  While 
formula milk feeding has been linked 
to faster newborn growth rates, breast 
milk was associated with better body 
composition recovery and low-fat mass 
accretion.19 

In this study, the full-term LBW group 
had more growth not achieved results. 
Full-term LBW have a 1.75 times greater 
risk of experiencing unachieved growth 
compared to preterm LBW. This condition 
can be caused by babies with full-term low 
birth weight during the gestation period 
experiencing stunted fetal growth or 
intrauterine retardation, which continues 
until the baby is born and has a negative 
impact that affects its growth as it ages.20 

When newborns have intrauterine 
growth restriction (IUGR), their 
metabolism changes significantly. Preterm 
infants born small-for-gestational age 
(SGA) have faster metabolic rates, increased 
energy expenditure, and diminished 
fat absorption in the first month of life. 
This is typically attributed to inadequate 
placental nutrition.25 Infants born with 
restricted growth exhibit a distinct body 
composition compared to those born with 
normal intrauterine growth. Prolonged 
intrauterine malnutrition that persists 
after birth may lead to specific outcomes, 
as early postnatal undernutrition coupled 
with subsequent rapid growth is a risk 
factor for nutrition-related chronic 
disorders in adulthood.26 

The fetus relies on the placenta to get 
nutrients, including amino acids, essential 
for its growth and development. The total 
fetal amino acids and total fetal α-amino 
nitrogen levels are decreased in IUGR 
than in AGA fetuses. This is primarily 

due to lower levels of important amino 
acids, notably branched-chain amino 
acids like leucine, valine, and isoleucine. 
Furthermore, the drop in maternal 
plasma amino acid concentrations during 
normal pregnancy does not occur in 
IUGR pregnancies, resulting in lower 
fetal-maternal amino acid concentration 
disparities for most amino acids.27

Protein synthesis typically occurs 
significantly higher than protein intake, 
indicating that body proteins undergo 
continuous degradation and resynthesis, 
a process known as protein turnover. 
For lean body mass to increase, the rate 
of protein synthesis must surpass that of 
protein breakdown, leading to a net gain 
in protein. In preterm infants, protein 
stores are often depleted shortly after 
birth, contributing to postnatal growth 
restriction and increasing demand for 
nutrients to facilitate catch-up growth.27 
The risk of LBW is higher in female babies 
than in male babies.28,29 This could be 
attributed to male babies’ birth weight 
being heavier than female babies.30 The 
difference in weight seen after 28 weeks 
of gestation is thought to be caused by 
stimulation of androgenic hormones or the 
role of the Y chromosome, which contains 
genetic material involved in the growth of 
male fetuses.29 Despite previous studies, 
the population in Permata Hospital, 
Depok predominantly male. Therefore, 
the majority of LBW infants in this study, 
both full-term and preterm, were found to 
be male (66.7%).

Of the 48 samples with 24 full-term 
LBW subjects and 24 preterm LBW 
subjects, seven participants in the full-
term LBW group and three participants 
in the preterm LBW group in this study 
failed to catch up with growth. The 
development of growth failure is highly 
influenced by parental factors. A previous 
study showed that better socioeconomic 
position and adherence to feeding 
standards were associated with higher 
maternal education.31 Parent educational 
status can reduce growth failure, in 
general. The other factor is the mother’s 
employment status; children of working 
mothers experience a higher rate of 
growth failure than children of mothers 
who work at home.32 Growth failure also 
can caused by malnutrition. The World 
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Health Organization (WHO) defines 
malnutrition as deficiencies or excesses 
in nutrient intake, imbalance of essential 
nutrients, or impaired nutrient utilization.  
Inadequate intake, the most frequent 
reason for growth failure, can result from 
insufficient food supply or consumption. 
Inadequate intake may result from 
incorrect formula mixing or challenges 
with breastfeeding.33 Further research 
can be carried out using larger samples, 
cohort design, frequent monitoring over 
a predetermined duration, and including 
the parental factors and feeding history.

Some limitations of this study include 
time constraints, difficulty in contacting 
patients, and not including other risk 
factors that could influence growth. 

CONCLUSION 
It was concluded that gestational age 
affects growth, with full-term infants more 
at risk of not achieving growth. 
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