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Abstract
The purpose of this is to evaluate the effect of supplementation of enteral feed volume with preterm versus term donor 
human milk (DHM) on short-term physical growth in very low birth weight (VLBW) neonates. In this open-label, variable 
block-sized, superiority, randomized controlled trial with allocation concealment, VLBW neonates with insufficient volume 
of mother’s own milk (MOM) were assigned to receive either preterm (n = 48) or term (n = 54) DHM till discharge. Preterm 
DHM was defined as the breast milk expressed within 28 days of delivery at ≤ 34 weeks of gestation. The primary outcome 
was days to regain birth weight. Maternal and neonatal demographic variables were comparable in the two study groups. 
Days to regain birth weight were significantly more in the preterm DHM group, 17.4 (7.7) vs 13.6 (7.2) days, mean differ-
ence (95% CI) being 3.74 (0.48–7.0) days, P = 0.02). The proportion of MOM use was 82% in preterm vs 91.1%, P = 0.03 
in the term milk group. Duration of skin-to-skin contact was also significantly lower in the preterm vs term milk group, the 
median (IQR) was 4 (0, 6) vs 4 (2, 6) hours/day, P < 0.01. However, bronchopulmonary dysplasia was higher in the preterm 
milk group (13% vs. 4%, P = 0.17). The velocity of gain in weight was similar in the two groups from week 1–3 but higher 
in the term DHM supplementation group during the 4th week.

 Conclusion: Supplementing MOM with preterm DHM did not result in a faster regaining of birth weight.
 Trial registration: CTRI/2020/02/023569; Date: 17.02.2020.

What is Known:
• Human milk content is influenced by various parameters including maternal, neonatal, and methodological.
• Preterm DHM should cause rapid short-term weight gain in VLBW neonates as it has higher protein content.
What is New:
• In the setting of MOM contributing a major fraction of feeding volume, selective supplementation of feeding volume with preterm DHM does 

not result in rapid short-term weight gain in VLBW neonates.
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Introduction

Extrauterine growth retardation (EUGR) develops in 
approximately 75–97% of the very low birth weight 
(VLBW) babies during postnatal life [1]. Auxological 
extrauterine growth retardation is associated with adverse 
long-term outcomes [2].

The nutritional regimen for VLBW infants should be able 
to achieve a postnatal growth rate that mimics intrauterine 
growth. The protein needed of preterm neonates is particu-
larly high and plays a very important role during the postna-
tal period. Mother’s own milk (MOM) is considered the best 
nutrition during the first six months of birth [3]. Pasteurized 
donor human milk (DHM) is the preferred alternative for 
vulnerable neonates in cases of unavailability or insufficient 
quantity of MOM [4, 5].

The energy, protein, and fat content of milk are depend-
ent upon: the type of milk as colostrum, mature or transi-
tion milk, term, and preterm milk, or human milk for-
tifiers. Although fortification of human milk in preterm 
neonates is standard global practice, the World Health 
Organization guidelines on the feeding of VLBW infants 
do not support routine multicomponent fortification except 
in infants who fail to gain weight despite adequate breast 
milk feeding [6]. Different feeding strategies aim to match 
growth velocity to the intrauterine foetal growth with an 
average weight gain of 24–26 g/d in the late third trimes-
ter [7]. Milk volume for neonates up to 200 ml/kg/d has 
been used in different studies and found to be associated 
with improved weight gain [8]. The use of any exogenous 
protein is akin to additional cost and gut dysbiosis [9]. Pre-
term milk is a naturally available human source of protein.

Preterm milk is usually defined as milk donated by 
women within 28 days of giving birth at less than 34 weeks 
of gestation, and term milk is donated by women delivered 
after 34 weeks of gestation or after 28 days of birth if 
delivered at less than 34 weeks of gestation [10]. Since 
preterm milk has higher protein content with a maximum 
mean difference of up to 0.7 g/dL, it should provide extra 
calories and should have a short-term effect on growth 
with potential long-term implications [11]. Protein sup-
plementation increases the fat-free mass (FFM) accretion 
in infants. Weight gain resulting from FFM gain increases 
brain size and reduces the risk of adverse neurodevelop-
mental outcomes among preterm infants [12].

Human milk content is influenced by many parameters 
which are broadly classified as maternal, neonatal, and 
methodological [13]. Because of differences in the macro-
nutrient composition of preterm and term milk, pooled 
pasteurized preterm DHM should ideally cause early 
short-term weight gain in VLBW neonates. Although the 
protein content will be variable and will differ with the 

proportion of milk used [13], the evidence on the same is 
yet to be generated. More so, donor milk is generally col-
lected from mothers of term infants and at a mature stage 
of lactation when milk production is more than the own 
baby’s requirement [14]. To the best of our knowledge, 
this is the first study comparing the effect of preterm and 
term DHM on the growth of VLBW babies where MOM 
is insufficient.

Methods

The randomized controlled trial was conducted from July 
2020 to March 2021 in a level III neonatal intensive care 
unit (NICU) at a tertiary care hospital in India.

Study subjects

Potentially eligible neonates were identified from a clean 
labour room nursery immediately following birth. All con-
secutive inborn VLBW (birth weight ≤ 1500 g) neonates on 
enteral feeds having an insufficient volume of MOM were 
enrolled in the study after obtaining written informed consent 
from the mother/guardian. Insufficient volume of MOM was 
defined as MOM volume less than 80% on any day after the 
beginning of enteral nutrition and later any volume lesser than 
the requirement of that particular day. Neonates with major 
congenital malformation, necrotizing enterocolitis stage IIa or 
higher before enrolment, HIV-positive mothers, birth at gesta-
tion age < 27 weeks or birth weight < 800 g, galactosemia or 
other contraindications to human milk feeding, and maternal 
infection by severe acute respiratory syndrome by coronavirus 
2 (SARS-CoV-2) were excluded from the study.

Randomization and allocation concealment

A researcher not involved in the study recruitment or out-
come assessment generated the random number sequence 
of block sizes 4 or 6 using a web-based random number 
generator. The random number sequence was stratified by 
birth weight (≤ 1000 g and > 1000 g). The sequence was 
kept in serially numbered opaque sealed envelopes. Multiple 
births were assigned to the same study group. Physicians, 
researchers, and nurses were aware, whereas parents were 
unaware of the group allocation. Physicians were not blinded 
as they were involved in providing intervention. Independ-
ent investigator cross-verified outcome of random samples. 
Milk disbursal bottles were labelled and stored by milk bank 
staff who were not aware of group allocation and were not 
involved in any clinical care.
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Interventions

Participants were randomly assigned to receive enteral feed 
volume supplementation with preterm (preterm milk group) 
or term pasteurized DHM (term milk group) whenever 
MOM volume was insufficient. A dedicated milk bank staff 
is used to screen and enrol mothers, maintain both online 
and offline records, and collect milk according to the term 
and preterm groups. Colour-coded labels were applied to 
the collection and disbursal bottles of both the milk groups. 
Milk collection and disbursal according to groups were 
ensured daily by the primary investigator. DHM was fro-
zen at − 200 °C after the Holder method of pasteurization 
(30 min at 62.5 °C) and thawed in lukewarm water at the 
time of disbursal for use. A daily log of the time of initiation 
of the first feed, total feed volume per day, and the proportion 
of MOM and DHM was maintained. Patients were followed 
up till 40 weeks of postmenstrual age or discharge which-
ever was earlier. Criteria for discharge included resolution 
of medical illness, weight ≥ 1450 g with a gain of weight for 
consecutive 3 days, postmenstrual age ≥ 34 weeks, accept-
ance of feed by spoon or direct breastfeeding, and ability to 
maintain normal body temperature outside a radiant warmer 
or incubator.

Anthropometric data collection

The weight of the baby was taken daily at approximately 
the same time of the day using the electronic weighing scale 
with an accuracy of 10 g. Once a week, the accuracy of the 
weighing scale was checked using a standard weight. Time 
of initiation and quantity of human milk fortifier, nutritional 
supplements, feed intolerance episodes, and daily duration of 
skin-to-skin (STS) contact hours were recorded. The length 
of the neonate was measured using an infantometer to the 
nearest 1 mm correction while the occipitofrontal circumfer-
ence (OFC) was measured using a non-stretchable plastic 
measuring tape with 0.1 cm accuracy. Anthropometric meas-
urements were done using the methodology prescribed by 
the Intergrowth-21 study [15].

Feeding protocol and other interventions common 
to both groups

The eligible neonates were assessed daily for feed initia-
tion. Once neonates were hemodynamically stable with the 
soft abdomen and audible bowel sounds, feeds were initi-
ated as intermittent boluses at 2-h intervals. The standard 
protocol of feeding was uniformly followed in both groups. 
For neonates born at 260 to 286 weeks of gestation, minimal 
enteral nutrition was started at 10–15 ml/kg/day on day 1, 
and the enteral feed volume was increased by 20 to 30 ml/kg/
day. For neonates born at 290 to 306 weeks of gestation, the 

feed was started at 20 to 30 ml/kg/day and increased by 30 
to 40 ml/kg/day. Neonates born at ≥ 310 weeks of gestation 
were given all milk feed (80 ml/kg/day total fluid volume) 
from day 1 of life. Later daily total fluid and milk require-
ment of every neonate was decided according to day of life, 
loss or gain of weight every day, and associated comorbidi-
ties like patent ductus arteriosus and urine output. Advance-
ment of feeds was done till infants reached a feed volume of 
180 to 200 mL/kg/day. Once infants were transitioned from 
gavage feeds to direct feeds, volume was not controlled but 
was offered ad libitum. MOM feeding was strongly recom-
mended for all neonates. Every possible effort was made to 
procure MOM for each neonate. As per the unit policy, all 
the mothers were counselled to express breast milk within 
6 h of delivery and then two to three times a day, by the lac-
tation counsellor, resident doctors, and nursing staff. Human 
milk fortifier (macronutrient composition in grams in 1 g 
powder sachet: protein 0.27; total fat, 0.04; carbohydrates, 
0.49) was added (1 sachet per 25 ml of expressed breast 
milk) once the baby reached 100 ml/kg/day of enteral feeds. 
Neonates who were not on total enteral feeds were initiated 
on parenteral nutrition to achieve a total protein intake of 3 
to 3.5 g/kg/day and calorie intake of 120 to 130 kcal/kg/day. 
Probiotics, caffeine, and other nutrition supplements were 
added to both groups as per the standard policy of the unit.

Outcome measures

The primary outcome of interest was days to regain birth 
weight. The number of days taken to regain birth weight 
after initial physiological weight loss was noted. It was taken 
as the first of three successive days when the weight was 
greater than or equal to the birth weight.

Secondary outcomes included rate of gain in weight, 
length, and OFC till discharge or 40 weeks postmenstrual 
age whichever came earlier, time to achieve full feed (day 
1 of 120 ml/kg/day if tolerated for 3 consecutive days), the 
incidence of NEC stage IIa or above, and episodes of feeding 
intolerance. Feed intolerance was defined as the presence 
of any of the following signs: significant gastric residuals 
of > 33% on 2 consecutive occasions or > 50% on a single 
occasion when the total feed volume was > 8 ml or aspi-
rates of > 4 ml on two occasions if the total feed volume 
was < 8 ml, increase in abdominal girth by > 2 cm from the 
previous value, and the presence of brownish/bilious/blood-
stained gastric aspirates or vomiting for which feeds had to 
be withheld for ≥ 12 h [16]. NEC was defined by modified 
Bell’s staging criteria [17].

The primary outcome, time to regain birth weight, was 
calculated as mean days in achieving birth weight beginning 
from day one to the day of birth. The secondary outcome, 
weight gain velocity, was calculated by the 2-point aver-
age weight model. This was calculated by dividing the total 
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difference in weight at 2 points by the number of days and 
average weight using the following formula [18].

[1000×(Wn
−W

1)]
{

(Dn
−D

1)×
[

(Wn−W1)
2

]} (Wn = Weight at endpoint of primary 

outcome, W1 = weight on day 1 of regaining of birth weight, 
Dn = last day of primary outcome, D1 = first day of regaining 
of birth weight)

Sample size calculation

The sample size was calculated based on a previous study 
where DHM was used in neonates (birth weight < 1600 g 
and gestation age 27 to 33 weeks) as a sole diet and reported 
7 days lesser time in regaining birth weight with preterm as 
compared with term milk [19]. Based on the unit’s experi-
ence, neonates in the current study would need 20 to 80% 
DHM as a supplement to MOM on any given day. A dif-
ference in duration of regaining birth weight of 3 days 
was predicted in the index study due to the lesser need for 
DHM. Taking a difference of 3 (5) days between two groups 
(18 days preterm and 21 days in term milk), the minimum 
required sample size with 80% power and a 2-sided signifi-
cance of 5% was 44 subjects in each group. Considering an 
attrition rate of 20%, 50 VLBW neonates were enrolled in 
each group.

The trial was approved by the institutional ethics com-
mittee and was prospectively registered in the clinical trials 
registry of India, (CTRI/2020/02/023569).

Statistical analysis

Continuous variables were expressed as mean and standard 
deviation if normally distributed and as median and inter-
quartile range when skewed. Categorical variables were 
expressed as numbers and proportions. Quantitative data 
with normal distribution were compared using the Student’s 
t test and those with skewed distribution were analysed using 
the Mann–Whitney U test. Categorical data were compared 
using chi-square or Fisher exact test as applicable. A p value 
of < 0.05 was considered significant. Time to regain birth 
weight was also analysed using the Kaplan–Meier survival 
analysis and log-rank test. A linear regression analysis was 
done to adjust for the variables that could influence the pri-
mary outcome and were found to be significantly different 
in the two study groups in univariate analysis. The regres-
sion model included days to achieve birth weight (primary 
outcome) as the dependent variable and study group (binary 
variable), birth weight less than 1000 g (binary variable), the 
proportion of DHM in the total milk intake during the hospi-
tal stay (continuous variable), and total STS hours during the 
hospital stay (continuous variable) as the independent (pre-
dictor) variables. The collinearity of the included variables 
was checked by calculating the variance inflation factors (not 

found to be significant) and robust estimates were calculated. 
Analysis was done using the intention to treat principle. Sta-
tistical analysis was conducted using SPSS version 23.0.

Results

Out of a total of 173 VLBW neonates born over the study 
period of nine months (July 2020 to March 2021), 102 were 
enrolled: 54 in preterm and 48 in the term milk group and 71 
neonates were excluded as per predefined criteria (Fig. 1). 
Maternal and neonatal baseline characteristics were compa-
rable in the two groups (Table 1).

Time to regain birth weight, mean (SD) in preterm group 
17.4 (7.7) as compared to term 13.6 (7.2) milk 
group, was longer, 3.74 (0.48 to 7.0); P = 0.03 (Fig. 2). The 
number of days taken to regain birthweight remained sig-
nificantly lower in the term DHM group with an adjusted 
mean difference (95% CI) being 3.6 (− 5 to − 2.2) days even 
after adjusting for birth weight being less than 1000 g, the 
proportion of DHM in cumulative feed volume during the 
hospital stay and the cumulative duration of STS during the 
hospital stay. The average duration of weight loss was 7.8 
(4.4) and 6.7 (5) days (P = 0.28) in the preterm and term 
milk groups, respectively. The volume of MOM was simi-
lar but the proportion of its usage was significantly less in 
the preterm milk group (82% vs 91.1%, P = 0.03) (Supple-
mentary Fig. 1). Daily DHM requirement was significantly 
lesser in the term milk group (Supplementary Fig. 2). No 
difference was found in calculated energy 123.35 (7.32) vs 
121 (9.97), P = 0.23, and protein 2.84 (0.48) vs 2.75 (0.39), 
P = 0.37, intake in both the study groups (Table 2).

Weight gain velocity was significantly less during the 
fourth week of hospital stay in the preterm milk group 
(Table 3 and Fig. 3). However, among 7 neonates out of a 
total of 14, who weighed < 1000 g at birth and survived till 
discharge, days to regain birth weight in the preterm and 
term milk group were 16.7 (7.8) vs 28.3 (12.4) days, respec-
tively, mean difference (95% CI) being − 11.5 (− 36 to 13) 
days, P = 0.2). Time to achieve full feed, the incidence of 
NEC stage IIa or above, and episodes of feeding intolerance 
were similar in both the groups. However, bronchopulmo-
nary dysplasia and neonates who died or were discharged 
against medical advice were more in the preterm milk group 
(Table 4).

Discussion

In low- and middle-income countries where the higher 
cost and limited availability of human milk-based fortifiers 
exists, preterm milk with higher protein content can provide 
a better form of nutrition for at-risk neonates. This study 
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randomized VLBW neonates to receive either preterm or 
term DHM when their MOM was not sufficiently available. 
Time to regain birth weight in the study was significantly 
more in preterm as compared to the term milk group which 
was non-consistent with the hypothesis. Firstly, this might 
be a chance finding. The second cause of faster regaining of 
birth weight in the term milk group could be the effect of 
co-interventions like overall lesser DHM supplementation 
and significantly higher use STS contact duration.

The overall need for DHM was less than 20% in the 
current study. A dedicated lactation counsellor in the unit 

helped all the mothers in expressing milk soon after delivery. 
All the mothers were also advised daily to 3–4 L of water 
intake, a balanced diet, and sleep by a lactation counsellor. 
In most neonates, the available MOM volume was less than 
20% on the day of initiation of feeds but it soon increased 
after daily counselling for milk expression, diet, and liquid 
intake. On subsequent days, the available MOM volume 
was more than 80–90%. Neonates once enrolled remained 
in the study irrespective of DHM volume requirement. This 
brought large variation in DHM and MOM volume in the 
two groups.

Fig. 1   Trial flow
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In a previous study where DHM was given as the sole diet, 
birth weight was regained earlier in the preterm milk supple-
mentation group (11.4 vs 18.8 days). Each aliquot of DHM was 

also analysed for nutrient content both before and after pas-
teurization.15 More protein, fat, and energy content of mother’s 
milk improves weight gain in comparison with DHM where 

Table 1   Baseline characteristics 
in preterm and term milk group

Data are expressed as number (%), #mean ± SD, or *median (interquartile range)

Preterm milk group
(n = 54)

Term milk group
(n = 48)

p value

Maternal characteristics
  Age#, years 26.6 (5.2) 26.9 (4.9) 0.80
  Education less than high school 30 (56%) 31 (65%) 0.42
  Maternal moderate or severe undernutrition 12 (22.2%) 5 (10.4%) 0.18
  Lower socioeconomic status 29 (53.7%) 33 (68.7%) 0.45
  Receipt of any dose antenatal steroids 43 (80%) 38 (79%) 1.00
  Pre-eclampsia or eclampsia 15 (27.7%) 18 (37.5%) 0.39
  Clinical chorioamnionitis 1 (2%) 3 (6.3%) 0.25
  AREDF in umbilical artery 2 (4%) 7 (14%) 0.07
  Caesarean section 23 (43%) 20 (42%) 1.00
Neonatal characteristics
  Birth weight#, g 1262 (184) 1253 (181) 0.80
  Birth weight < 1000 g 7 (13%) 7 (15%) 1.00
  Gestational age#, weeks 31.3 (2.8) 31.8 (2.4) 0.40
  Small-for-gestational age (< 3rd centile) 17 (31%) 21 (44%) 0.22
  Birth length#, cm 39.0 (2.4) 38.9 (2.3) 0.85
  Birth length (< 3rd centile) 14 (26%) 19 (40%) 0.20
  OFC, cm # 27.3 (1.7) 27.6 (1.6) 0.49
  OFC (< 3rd centile) 15 (28%) 17 (35%) 0.52
  Multiple birth 5 (9.2%) 4 (8.3%) 1.00
  Male 31 (57%) 30 (62%) 0.69
  SNAPPE-II score* 6 (0–12) 12 (0–18) 0.08
  Apgar score at 5 min < 7 1 (1.8%) 3 (6.2%) 0.34

Fig. 2   Kaplan–Meier survival 
curve for time to regain birth 
weight of neonates in both pre-
term [days; mean (SD) 17.4 
(7.7)] and term [13.6 
(7.2)] milk group, log rank 
P = 0.02
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these macronutrients are affected by pasteurization [20]. A 
reduction of 3.5% in fat, 3.9% in protein, and 2.8% in energy 
has been reported post pasteurization [21, 22]. Duration of STS 
(hours/d) in the current study was also significantly higher 4 
(0, 6) vs 4 (2, 6), P < 0.01 in the term milk group, and it is a 

well-described intervention associated with better weight gain. 
A recent Cochrane review showed that STS was associated 
with increased weight gain of 4.1 (2.3 to 5.9) g/d [23].

The third cause could be the difference in sickness level of the 
two groups during the progression of the study. Higher mortality 

Table 2   Details of intervention

*Median (interquartile range)

Intervention Preterm milk group (n = 54) Term milk group (n = 48) p value

Age at first feed, hrs* 7.5 (2, 16) 6 (2, 15.5) 0.84
Total volume of feed (ml/kg/d)* 136 (109,150.4) 121 (78.3,141.4) 0.01
Mother’s own milk volume (ml/kg/d)* 116.8 (68.7, 136.3) 107.1 (24.2, 132.8) 0.35
Donor human milk volume (ml/kg/d)* 11.2 (4.2, 25.5) 7 (3.6, 16.1) 0.02
Proportion of Mother’s own milk usage (%) 82 91.1 0.03
Duration of intervention (d) * 6.5 (4.2, 14.7) 7 (4, 9) 0.17
Total parenteral nutrition, n (%) 8 (14.8%) 8 (16.7%) 0.79
STS contact duration (hrs/d)* 4 (0, 6) 4 (2, 6)  < 0.01
Total energy (Kcal/kg/d) 123.35 (7.32) 121 (9.97) 0.23
Total proteins (g/kg/d) 2.84 (0.48) 2.75 (0.39) 0.37

Table 3   Study outcomes in preterm and term milk group

# Mean ± SD or *median (interquartile range)

Preterm milk group
(n = 48)

Term milk group
(n = 37)

p value MD (95% CI)

Primary outcome
  Time to regain birth weight# 17.4 (7.7) 13.6 (7.2) 0.02 3.7 (0.4 to 7)
Secondary outcomes
  Weight gain#, g/kg/day 8.2 (4.6) 9.3 (5.1) 0.33  − 1.1 (− 3.2 to 1.1)
  Weight at discharge#, g 1573 (243) 1547 (207) 0.60 26.1 (− 74 to 125)
  Occipitofrontal circumference gain#, cm/wk 0.6 (0.3) 0.7 (0.3) 0.47 0.04 (− 0.07 to 0.1)
  Occipitofrontal circumference at discharge#, cm 30.2 (1.2) 30.2 (1.2) 0.88 0.04 (− 0.4 to 0.5)
  Length gain#, cm/wk 0.5 (0.2) 0.5 (0.2) 0.81  − 0.02 (− 0.1 to 0.12)
  Length at discharge#, cm 42.4 (2.1) 41.9 (2.4) 0.29 0.5 (− 0.4 to 1.5)
  Weight gain in 1st wk#, g/kg/d  − 9.4 (2.5)

(n = 48)
 − 8.7 (4.2) (n = 37) 0.35  − 0.6 (− 2.1 to 0.7)

  Weight gain in 2nd wk#, g/kg/d 6 (3.1)
(n = 46)

6.6 (1.9)
(n = 33)

0.33  − 0.5 (− 1.7 to 0.6)

  Weight gain in 3rd wk#, g/kg/d 7.7 (3.4)
(n = 30)

8.9 (2.4)
(n = 23)

0.13  − 1.2 (− 2.8 to 0.4)

  Weight gain in 4th wk#, g/kg/d 10.6 (4)
(n = 20)

14.3 (3.9) (n = 20)  < 0.01  − 3.7 (− 6.2 to − 1.1)

Growth velocities in the stratified group of neonates in birth weight ≤ 1000 g
  Time to regain birth weight # 16.7 (7.8) 28.3 (12.4) 0.2  − 11.5 (− 36 to 13)
  Weight gain#, g/kg/d 10.3 (2.4) 8.8 (1.9) 0.4 1.4 (− 2.7 to 5.6)
  Occipitofrontal circumference gain#, cm/wk 0.7 (0.2) 0.6 (0.1) 0.5 0.08 (− 0.3 to 0.4)
  Length gain#, cm/wk 0.7 (0.1) 0.6 (0.2) 0.3 0.1 (− 0.2 to 0.5)
Other secondary outcomes
  Time to reach full feeds#, d 6 (3.5) (n = 51) 6.5 (4.6) (n = 41) 0.6  − 0.6 (− 2.3 to 1)
  Necrotizing enterocolitis
   ≥ Stage IIa

0 1 (2%) 0.47 –

  Transient feed intolerance 19 (35%) 21 (44%) 0.42 –
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of the sick neonates in the term milk group who at enrolment 
had a difference in the score of neonatal acute physiology and 
hence the survival of relatively more stable babies in term milk 
group in the current study overestimated the result in rapid and 

better weight gain, although this difference was not statistically 
significant. Few parameters causing a negative effect on growth 
such as bronchopulmonary dysplasia were higher in the preterm 
vs term milk group (13% vs. 4%, P = 0.17).

Fig. 3   Growth velocity per week in two study groups following birth

Table 4   Other clinical outcomes 
in preterm and term milk group

€ Requiring intervention. Data are expressed as number (%), #mean ± SD, or *median (interquartile range)

Preterm milk group
(n = 54)

Term milk group
(n = 48)

p value

Proven or clinical sepsis 17 (31.4%) 15 (31.2%) 0.97
Invasive ventilation 10 (19%) 13 (27%) 0.35
Bronchopulmonary dysplasia 7 (13%) 2 (4%) 0.17
Shock€ 10 (18.5%) 15 (31.3%) 0.14
Anaemia€ 5 (9%) 3 (6%) 0.72
Polycythemia€ 1 (2%) 4 (8%) 0.18
Hypoglycemia€ 1 (2%) 11 (23%)  < 0.01
Hemodynamically significant patent ductus 

arteriosus €
10 (19%) 11 (23%) 0.63

Retinopathy of prematurity€ 1 (2%) 1(2%) 1.00
Intraventricular haemorrhage (> grade 2) 5 (9%) 7 (15%) 0.54
Neonatal intensive care unit, stay*, d 9.5 (1, 20.2) 8 (1.2, 15) 0.57
Length of hospital stay#, d 31.0 (18.9) 24.8 (15.5) 0.07
Mortality before discharge 4 (7%) 8 (17%) 0.14
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More than one-third of the study population was with 
severe intrauterine growth retardation which had a poor 
genetic potential for postnatal growth [24]. These small for 
gestation age neonates had relatively advanced gestation age 
and started taking direct breastfeeds with measured feeds 
after the acute illness was over. This led to a total quantified 
feed volume of 120–130 ml/kg/d and protein intake of less 
than 3 g/kg/d. The study population characteristics (30% 
infants with shock and sepsis, 12% infants with severe IVH) 
could also be a barrier to optimal weight gain.

Among the stratified group of neonates weighing less 
than 1000 g showed a faster regain of the birth weight and 
better weight, length, and OFC gain velocities till discharge. 
However, the number of enrolled neonates weighing less 
than 1000 g was less due to the limitation of the number 
of deliveries due to the SARS-CoV-2 pandemic, and only 
seven neonates survived till discharge. Time to regain birth 
weight remained significantly lesser in the term milk group 
even after adjusting for birth weight being less than 1000 g, 
the proportion of DHM in cumulative feed volume during 
the hospital stay, and the cumulative duration of STS during 
the hospital stay.

The preterm DHM has higher protein content as com-
pared to the term milk. However, this difference becomes 
narrower after the first week (from 0.7 to 0.2 g/dL). Hence, 
the clinical significance of more proteins is likely to be high 
during the initial week [11]. Gross et al. have also shown 
a similar trend of protein difference in preterm and term 
DHM with a difference in protein content up to 0.9 to 1.2 g/
dL during the initial 2 weeks. This difference reduces to 0.2 
to 0.4 g/dL over the next 2 weeks [19]. There is emerging 
data that higher protein intake is associated with better head 
growth and neurodevelopment [3]. Low intakes of proteins 
during the first week of life have found to be associated with 
impaired neurocognitive development at 18–22 months of 
age [25]. Isolated weight gain could be a manifestation of 
fat mass accumulation which may not reflect brain growth 
[26]. The study has tried to see the effect of preterm DHM 
on weight gain; however, head growth could be a better 
parameter. However, there was no difference in head growth 
velocity in this study during the first week and throughout 
the hospital stay. A larger sample size might be required to 
see the effect of preterm and term DHM on head growth 
and neurodevelopmental outcome. Growth is a multidimen-
sional and continuous process, and it depends upon several 
other factors such as body composition, gender, and genetic 
makeup [27]. Hence, valid estimation requires consideration 
of these parameters with long-term follow-up too.

Variability in the composition of MOM or DHM obtained 
from a single donor and multiple donor pool has been 
observed. High variability in the composition of fat, protein, 
and energy was found for all types of samples. This vari-
ability remained persistent even after standard fortification. 

Feeding with pooled DHM may result in inadequate or 
nonuniform growth hence individualized fortification was 
recommended [20]. Short of biochemical analysis for nutri-
ents in each pooled sample of milk in our study, the actual 
higher protein content of preterm milk cannot be assured.

Strengths of the study  Every step was meticulously fol-
lowed from preterm and term milk collection to disbursal to 
prevent cross-contamination between the groups.

Limitations  Limitations of the study are the non-availabil-
ity of biochemical analysis of pooled DHM, the absence of 
long-term neurodevelopmental follow-up, fewer neonates 
in < 1000 g stratified group, and an open-label design. The 
overall requirement of DHM was lesser than the assumption 
while calculating sample size and limits the validity of the 
results. Further, the findings of this study could be related 
to important confounders such as MOM intake per day and 
STS duration, even though such confounding could creep in 
when a pragmatic approach to study conduct is undertaken.

Conclusion

In a setting where MOM constitutes a large fraction of 
enteral feeding volume, selective supplementation with pre-
term donor milk to meet the feed volume requirement did not 
result in improved physical growth during the hospital stay. 
Future research with preterm milk as supplemental DHM 
is warranted in extremely low birth weight neonates who 
are at higher risk for EUGR. Further, the same may be sup-
plemented with biochemical analysis of macronutrients in 
pooled or single donor human milk, used as supplemental 
feed. Differences in human milk composition at different 
gestation and different time points can also be assessed to 
correlate the effect on growth.
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