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ABSTRACT

Background: A premature birth is a life threatening situation that causes 
an increase in infant death. The aim of the present study was to investigate 
the contributing factors to the weight gain process in premature infants in 
the Neonatal Intensive Care Unit (NICU).
Methods: The present birth cohort study was performed on 47 premature 
infants born in Hafez Hospital in Shiraz, Iran from July 2019 to February 
2020. Infants born before the 37th gestational week, who were hospitalized 
for at least 7 days were included in the study. Demographic and 
anthropometric data, feeding conditions and supplements, durations of 
hospitalization, and nothing by mouth (NPO) state, before breastfeeding, 
and before initiation of oral feeding were recorded.
Results: Twenty eight (59.57%) boys and nineteen (40.42%) girls (n=47) 
with median of 13 days hospitalization were enrolled. Intakes of amino 
acid solution (p<0.001), lipid emulsion (p=0.04), phosphorus (p=0.01), 
and folic acid (p=0.02) were correlated with weight gain process. Results 
showed a significant linear correlation between hospitalization duration 
(p<0.001), NPO duration (p=0.02), and duration before beginning 
breastfeeding (p=0.02) and weight gain pattern. However, there was 
no significant relationship between the process of weight gain and the 
duration before initiation of oral feeding (p=0.61).
Conclusion: Earlier breastfeeding initiation and longer hospitalization, 
and amino acid supplementation can improve weight gain in the premature 
infants. Further studies are recommended.
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Introduction
Every year, about 15 million premature infants 
are born worldwide comprising more than 10% 
of all infants born (1). Premature birth refers to 
the birth of a baby occurring before 37th weeks of 
gestation (2), and its prevalence varies in different 

societies (3). According to another estimation by 
the World Health Organization, it is estimated that 
the incidence of low birth weight (LBW) is 15.5%, 
and 95.5% of infants with low birth weight are born 
in developing countries (4). The statistics show that 
8-10% of newborns in the United States and 5-7% 
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of newborns in Europe are premature. With an 
incidence of 12%, Iran is among the countries with 
a high prevalence of preterm labor (3). 

Proper feeding and providing all essential nutrients 
to premature infants enhances growth, increases 
neurodevelopment, and lowers morbidities (5, 6). 
Feeding premature infants due to underdevelopment 
of the gastrointestinal tract and intolerance of 
oral intake, initially begins intravenously, which 
gradually decreases with the improvement of 
gastrointestinal function and the beginning of 
intestinal feeding, and eventually, intravenous 
feeding is stopped (7). A well-tolerated nutritional 
support and feeding method which improves growth 
and the physiological condition is breastfeeding 
(8). However, it is difficult for a premature baby to 
transfer feeding from intravenous and intestinal 
feeding to direct breastfeeding due to immaturity 
or lack of the necessary conditions including sucking-
swallowing-breathing pattern, proper muscle tension, 
and respiratory maturity (9-11). 

These issues in the changing nutrition route 
which causes endangering the safety of the baby, 
lead to more energy consumption by the baby, and 
may lead to developmental delays and growth failure 
(12). Since nutritional measures at Neonatal Intensive 
Care Unit (NICU) are important determinants of 
growth rate (13), high-quality nutritional support 
in the first weeks after birth, not only reduces 
infant mortality; but also amends weight gain, 
growth in length, and head circumference (14). In 
addition to nutritional intervention, pharmacological 
interventions, hospitalization, and quality of services 
in NICU can affect premature infants’ growth 
process (15).

Hospitalization duration affects premature 
infants’ growth (16). In most cases, premature 
infants experience a period of hospitalization in the 
NICU. Several factors are considered to determine 
the length of NICU stay including breastfeeding 
acceptance, physiological stability, regulation of 
body temperature, improvement of respiratory issues, 
and weight gain (17, 18). Also, complete sucking and 
swallowing in premature infants are signs of proper 
development that are important factors in deciding to 
discharge these infants from the hospital (19). Among 
the factors that shorten the infants’ hospitalization 
period is the rapid initiation of breastfeeding, which 
is associated with the weight gain process. Thus, 
there is a mutual relation between weight gain 
and hospitalization duration. The duration before 
discharge is specifically one of the weight gain 
factors (20). Thus, due to the increasing prevalence 
of premature births, the effect of nutrition on the 
growth and neural development of the infant, the 

long-term consequences of hospitalization, and the 
imposition of high medical costs on the family; this 
birth cohort aimed to investigate the contributing 
factors with the weight gain process of preterm 
infants from birth to discharge from the NICU ward.

Materials and Methods
The present birth cohort study aimed to assess the 
contributing factors for the weight gain process 
among preterm infants hospitalized in NICU, from 
birth to discharge. The study was carried out from 
July 2019 to February 2020 in the NICU ward of 
Hafez Hospital, affiliated with Shiraz University 
of Medical Sciences (SUMS), Shiraz, Iran, which 
was discontinued after 6 months of running due to 
the covid-19 pandemic announcement in Iran. The 
study protocol was approved by the institutional 
review board (IRB) and the ethics committee of 
Shiraz University of Medical Sciences under the 
approval code of IR.SUMS.REC.1398.587.

In order to conduct this study, the sample size 
was determined, but as the study was terminated 
due to the covid-19 pandemic, all the eligible preterm 
infants who were hospitalized in the NICU ward 
during this period were included in the study. In 
order to diagnose of being preterm, infants born 
<37 weeks based on the gestational age were known 
as preterm (21). Preterm infants were eligible for 
this study if were expected to be hospitalized at 
least for 7 days, unable to receive oral feeding, and 
not suffering from any congenital or chromosomal 
abnormalities affecting gastrointestinal function and 
growth. Infants who were unlikely to survive for 
the first week, deceased during the first seven days, 
and in case of the unwillingness of parents or legal 
guardians, were excluded from the study.

A checklist was provided to record infants’ 
demographic and clinical data. The clinical data 
were the feeding method and supplements, days to 
begin breastfeeding or oral feeding (the number of 
days before starting breastfeeding or oral feeding), 
and anthropometrics. Anthropometric measurements 
were done by a registered nurse. The length and head 
circumference were measured using an inelastic tape 
measure with an accuracy of 1 cm. In order to measure 
the length, the infant’s head and legs were held still, 
while facing up and the knees were straight. After 
ensuring the top of the head and bottom of the feet 
touched the boards, the length was measured. The 
largest circumference of the head was measured for 
head circumference. A B-well digital scale (model: 
WK-160; Switzerland) with an accuracy of 1 gram 
was used to measure the infant’s weight. Due to the 
infants’ condition, infants were fed via intravenous, 
enteral, or a combination of these methods. The 



Weight gain in preterm infants

Int J Nutr Sci September 2022;7(3)  157

feeding type and supplementation including hypo-
allergic protein, carbohydrates, lipids, vitamins, and 
minerals were also recorded.

Statistical analysis was performed using SPSS 
software (version 22; IBM, USA). The normal 
distribution of data was assessed using the Shapiro-
Wilk test. Between-group comparisons for normal 
distributed and skewed data were done using an 
independent sample T-test and Mann-Whitney 
U test, respectively. The spearman test was used 
to assess relations between weight change and 
possible contributing factors. Variables that showed 
significant results were entered into linear regression. 
A p value less than 0.05 was considered significant.

Results
During the 6 months of running the study, overall, 
47 eligible preterm infants (28 boys, and 19 girls) 
were hospitalized for 13 days (median) in the 
NICU ward of the Hafez hospital. A net weight 
reduction was seen for neonates during the study 
period (-164.45±284.04 grams per week). Table 1 
summarizes the general characteristics of preterm 
infants. Table 2 shows the weight change according 
to the feeding type and supplementation. Results 
indicated that supplementations with amino acid 
solution (p<0.001), lipids emulsion (p=0.04), 
phosphate (p=0.01), and folic acid (p=0.02) were 
seen in improved weight gain process. Ferrous 
sulfate showed a marginally insignificant relation 
with weight gain (p=0.06).

Table 3 shows the relationship between the weight 
change process and dependent variables. There 
was a significant positive correlation between the 
hospitalization duration (r=0.45, p<0.001, Figure 1), 
the NPO duration (r=0.34, p=0.02, Figure 2), and 
the days to initiate breastfeeding (r=0.33, p=0.02, 
Figure 3) and less weight loss. However, there was 
no significant relationship between the process of the 
preterm infants’ weight changes and the number of 
days it took for the infant to start oral feeding (by 
the cup, glass, etc., r=0.07, p=0.61).

Variables that showed significant relationships 
with weight changes in preterm infants were birth 
weight, height, head circumference, NPO duration, 
number of days to begin oral feeding, hospitalized 
duration, consumption of lipid emulsion, amino 
acid solution, phosphorus, ferrous sulfate, and folic 
acid, which entered into the linear regression model 
with the stepwise method. Results of the linear 
regression indicated only two variables of amino acid 
solution intake and the hospitalization duration were 
significantly associated with weight change process 
in the model (Adjusted R2=0.322). The average 
weight gain of the infants who received amino acid 
solution was 26.64 grams more than the babies who 
did not receive this supplement. Also, in relation to 
the hospitalization duration, with an increase of 1 
day in the length of stay in the hospital, an increment 
of 1.06 grams occurred in preterm infants’ weight.

Table 1: General characteristics of preterm infants (n=47).
Variable Mean±SD/Median (IQR) Min Max
Gestational age (week) 33.44±2.36 28 39
Birth weight (g) 2105.74±619.10 820 3440
Birth length (cm) 45.27±5.38 28 55
Head circumference at birth (cm) 32.07±3.28 25 45
Weight changes (g/week) -164.45±284.04 615 -1304.96
Hospitalized duration (day) 13 (7) 8 50
Days to begin breastfeeding (day) 7 (6) 2 33
NPO duration (day) 2 (3) 0 13
Days to begin oral feeding (day) 2 (1) 1 5
SD: Standard deviation, IQR: Inter quartile range.

Figure 2: Relationship between preterm infants’ weight 
change process and NPO duration.

Figure 1: Relationship between preterm infants’ weight 
change process and the hospitalization duration.
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Discussion
In this study, the factors affecting the weight 
gain process of premature infants were studied. 
Factors affecting the infant’s weight included the 
hospitalization duration, the NPO duration, and 
the time it took for the infant to receive direct 
breastfeeding. However, the number of days it took 
for the baby to receive oral feeding did not affect 
her/his weight gain. Moreover, amino acid solution 
supplementation and longer hospitalization duration 
were associated with higher weight gain among 

premature infants. The results of this study showed 
that the infant’s weight gain was directly related to 
the number of days he stays in the hospital. 

The results of our study were contrary to the 
findings of the study of AlJohani et al. (22), who 
conducted their study to investigate the cause of 
infant mortality in the intensive care unit. The 
results of this study showed that there was an inverse 
relationship between the length of stay of the infant 
in the hospital and his weight gain and the less the 
baby weighs, the longer he stays in the hospital. The 

Table 2: The mean weight changes of preterm infants based on the supplementation (n=47).
Variable N (%) Intake

(mean±SD)
Weight change (g)
(Median, (IQR))

p value*

HMF
(g)

Yes 14 (29.78) 5.58±5.47 -4.09 (26.26) 0.46
No 33 (70.21) -16.15 (27.42)

Amino acid solution
(g/kg/day)

Yes 33 (70.21) 0.24±0.50 -8.25 (17.95) < 0.001
No 14 (29.78) -30.07 (21.11)

Lipid emulsion
(g/kg/day)

Yes 14 (29.78) 1.62±0.35 0.00 (21.79) 0.04
No 33 (70.21) -17.66 (23.47)

P (Glycophos)
(mL/kg)

Yes 18 (38.29) 2.41±0.88 0.00 (22.54) 0.01
No 29 (61.7) -20.00 (21.76)

Zinc
(g/kg)

Yes 14 (29.78) 0.59±0.15 -3.07 (20.16) 0.17
No 33 (70.21) -17.81 (28.86)

Ferrous sulfate
(mg/kg)

Yes 3 (6.38) 1.18±0.24 6.00 ** 0.06
No 4 (93.61) -15.40 (27.12)

Acid folic
(mg/kg)

Yes 15 (31.91) 0.26±0.06 0.00 (20.66) 0.02
No 32 (68.08) -18.9 (21.36)

Calcium
(mg/kg)

Yes 26 (55.31) 1.93±0.42 -12.05 (29.59) 0.87
No 21 (44.68) -16.81 (22.88)

Multivitamin
(drops/day)

Yes 45 (95.74) 2.00 -14.66 (27.39) 0.14
No 2 (4.25) 0.71 **

NaCl
(mL/kg)

Yes 46 (97.87) 1.92±0.56 -13.84 (27.75) - †

No 1 (2.12) 0.00
KCl
(mL/kg)

Yes 46 (97.87) 1.60±0.42 -13.84 (27.75) - †

No 1 (2.12) 0.00 **
B-complex+C
(mL/day)

Yes 42 (89.36) 0.34±0.18 -15.40 (28.74) 0.60
No 5 (10.63) -9.23 (27.99)

Vitamin K
(mL/day)

Yes 27 (57.44) 0.11±0.07 -11.26 (20.00) 0.29
No 20 (42.55) -21.20 (35.17)

Vitamin D
(drop/day)

Yes 5 (10.63) 25 -2.00 (25.73) 0.60
No 42 (89.36) -14.58 (28.86)

Vitamin A
(mL/day)

Yes 2 (4.25) 5000 6.15 ** 0.14
No 45 (95.74) -14.66 (27.39)

HMF: Human milk fortifier; SD: Standard deviation; IQR: Inter quartile range, *Mann-Whitney U test, **IQR was not 
able to calculate due to the limitation of samples in one group, †Due to the large difference between the infants in the 
groups, the p-value could not be calculated. P<0.05 was considered significant.

Table 3: Correlation between weight change process and dependent variables in the study (n=47).
Variable r p value*

Weight change process Hospitalized duration 0.45 <0.001
Days to begin breastfeeding 0.34 0.02
NPO duration 0.33 0.02
Days to begin oral feeding 0.07 0.61

*Spearman test, p<0.05 was considered significant.



Weight gain in preterm infants

Int J Nutr Sci September 2022;7(3)  159

study by Manktelow et al. (23), which looked at 
factors affecting infants’ length of stay, found that the 
infant’s weight and the week of birth had a greater 
effect on the infant’s length of hospital stay than 
other factors, including illness and other maternal 
factors and the more the baby weights and the longer 
baby week of birth, the shorter the hospital stay. This 
discrepancy between the results of the present study 
and previous studies may be explained by the small 
sample size. It may also be due to the mother’s lack 
of awareness of the baby’s care and nutrition, which 
occurs better with hospitalization and with the help 
of nurses and weight gain.

Also, in the present study, there was a significant 
positive relationship between the number of days 
to reach breastfeeding (independent feeding) and 
the duration of infant NPO with the weight gain 
process. Also, in this study, there was no significant 
relationship between the time to reach oral feeding by 
cup and bottle and the process of infant weight gain. 
Maas et al. in their study, in addition to the main 
results of the study that breastfeeding enrichment 
cannot significantly improve infant weight, stated 
that early initiation of infant breastfeeding will 
improve infant weight (24). Halvorson et al. also 
reviewed their study to investigate the effect of infant 
NPO duration on hospital stay and weight gain and 
they concluded that the longer the baby’s NPO lasts, 
the less the baby weighs and the longer he stays in 
the hospital (25). However, in the same study, it was 
noted that if the infant receives the energy he needs 
during NPO through enteral feeding, his length of 
hospital stay will be shorter (25). 

Marofi et al. in a study comparing cup and 
palady feeding on weight gain and sooner oral and 
breastfeeding, concluded that the palady group 
received oral feeding sooner and also, gained more 
weight than the group receiving milk with a cup 
(14). Dalal et al. in their study pointed out that the 
reason for this was improvement in the nutritional 
performance of premature infants during the first two 

days of birth and their arrival at breastfeeding (26). 
The differences between this study and studies that 
found that earlier breastfeeding resulted in improved 
weight gain in infants may be due to differences in 
infant age (week of birth), neonatal diseases that 
delay breastfeeding, and the small sample size to 
be studied. 

Also, because premature babies do not have 
strong jaw muscles to suckle on the breasts, they 
receive less energy from breast milk when they 
receive breast milk directly from their breasts. For 
this reason, when the baby is NPO or when she is 
fed enterally or parenterally, her/his energy needs 
are completely met. And the longer it takes for the 
baby to breastfeed, the better the energy needs are 
met and the better weight gain occurs. It was also 
considered due to the reduction of infant energy 
intake in breastfeeding compared to NPO feeding 
and better intake of nutrients through enteral and 
parenteral. 

Our results revealed that supplementation 
with folic acid, amino acid solutions, and lipids 
emulsions can improve the weight gain process. 
Akker et al. investigated the effect of amino acid 
supplementation (27). The results of Akker’s study 
indicated premature infants will benefit from 
supplementing 2.4 g/kg/day amino acids following 
birth (27). Moreover, a study done by Valentine et al. 
on amino acid supplementation by comparing two 
cohort studies in early amino acid supplementation 
and late supplementation, concluded that earlier 
supplementation with amino acids is associated with 
a better weight gain process (28). 

These results supported our findings. Thus amino 
acid supplementation could improve the weight 
gain process of premature infants in NICU. On 
the other hand, we saw lipid emulsion supplement 
can help premature infants to have a better weight 
gain pattern. Najm et al. compared the two different 
types of lipid emulsions in growth and morbidities 
in premature infants. The results of their study did 
not show any beneficial effect between two types 
of emulations (29). A Cochrane meta-analysis did 
not demonstrate any improvements in premature 
growth via lipid supplementation (30). Our study 
showed no weight reduction in infants with lipid 
supplementation, but this discrepancy could be due 
to the low sample size and short study duration. 

As the population of this study was premature 
infants, the study became more complicated and 
with a high risk. Moreover, prematurity caused the 
lack of cooperation of the baby, and the presence 
of confounding factors that affected the infant’s 
weight such as the mother’s age at birth, birth age, 
various neonatal diseases, and physical problems 

Figure 3: Relationship between preterm infants’ 
weight change process and the number of days to begin 
breastfeeding.
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such as cleft lip and palate may interfere the 
overall results. The covid-19 pandemic limited our 
sampling, which was due to the dangers of visiting 
the intensive care unit (ICU) and being placed next 
to infants, consequently because of transmitting the 
infection, the study was terminated and the goals 
of this study were not fully achieved and fewer 
infants participated in this study. In future studies, 
researchers can conduct this research with a higher 
sample size, careful examination of infant weight, 
and classification of infants based on the present 
conditions, including diseases.

Conclusion
In this study, it was shown that earlier feeding of 
infants with breast milk and earlier oral delivery for 
infants can lead to an improved weight gain. Also, 
the longer the infant stays in the hospital, the better 
his development and weight gain will happen. 
Moreover, weight gain process of premature infants 
can benefit from supplementation of amino acids 
solutions.
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