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ABSTRACT

Objectives: This study sought to evaluate the relative efficacy of expressed breast milk
(EBM) fortified using human milk fortifier (HMF) compared to commercial preterm
formula (PF) on preterm and very low birth weight (VLBW) infants in a major tertiary
healthcare center in Oman. Methods: This retrospective cohort study included two
cohorts of preterm (< 32 weeks gestation) or VLBW infants (birth weight < 1500
g) treated in the neonatal intensive care unit (NICU). Cohort one included infants
who were given PF-fortified EBM between January and December 2016, and cohort
two were given newly-introduced HMF-fortified EBM between November 2018 and
December 2019. Analysis was performed to compare the cohorts with respect to baseline
characteristics, primary outcomes, and secondary outcomes. Results: A total of 103
neonates were included (cohort 1: n = 55, cohort 2: n = 48). There were no significant
differences in the growth of the weekly length, the growth of the head circumference, or
discharge growth parameters. Compared to PF, HMF was associated with significantly
better weight gain velocity (g/kg/day) during the first week (p = 0.009) and second week
(p = 0.050) after starting fortification, lower need for other adjunctive forms of
fortification (p = 0.035), and lower rates of necrotizing enterocolitis in premature infants
or VLBW (p = 0.018). Conclusions: This is likely to be the first study to analyze the
relative efficacy of HMF and PF in the Middle East. The results of this study will be
helpful in guiding standards of nutritional care in NICUs in Oman.

nnually, approximately 15 million

infants are born preterm, and the

numbers continue to increase. An

estimated one million children die

every year from preterm birth complications, making
it the leading cause of under-five child mortality.!

During the third trimester of pregnancy,

insufficient nutrition during this crucial period of

brain and lung development and size and weight

growth can lead to irreversible negative outcomes.

Poor postnatal growth and weight gain in preterm

infants is a major health problem across the world.”

In very low birth weight (VLBW) infants, these

vital developmental processes usually take place in

neonatal intensive care unit (NICU) environments.?

Several studies have shown that neurodevelopment

in VLBW is dependent on early gains in fat-free body
mass and accelerated linear growth.* Therefore, poor
nutritional support during the NICU stay of preterm
infants is often related to diminished neurocognitive
function, followed by poor immediate and long-term
developmental outcomes.’

Evidence suggests that breastmilk, due to its
distinctive nutritional and functional benefits, is the
best form of nutrition and should be regarded as the
primary source of nutrition for all infants, including
both term and preterm infants.® Breast milk has
undebatable short- and long-term advantages due
to its excellent composition of multiple nutrient-
rich components, including hormonal, enzymatic,
anti-infective, trophic and growth factors, as well
as a myriad of bioactive proteins, proven to be
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beneficial for neurocognitive development.” These
factors also offer critical protection against the
multitude of preterm risks and problems, such as
bronchopulmonary dysplasia (BPD), retinopathy of
prematurity (ROP), hyaline membrane disease, and
necrotizing enterocolitis (NEC).*"! However, while
preterm breast milk has an altered macronutrient
composition of higher protein and fat that better
supports premature infants compared to term breast
milk, it still lacks adequate nourishment when given
at the usual feeding volumes.'>"?

Preterm infants typically require high volumes
and variable nutrients because they miss the critical
period in the third trimester when the placental
transfer of nutrients makes reserves to be used
in the postnatal period. Due to their specialized
nutritional needs and the risk of brain impairment,
nutrient fortification of milk is often necessary and
recommended prior to exclusively breastfeeding.'
Human milk fortification, since being introduced
in the 1980s, has become part of the standard
nutritional supplement practice in most NICUs
around the world.”!® A meta-analysis studying the
use of preterm formula (PF) compared to donor
breast milk for feeding preterm infants showed that
formula-fed infants had higher in-hospital rates of
weight gain, linear growth, and head circumference
growth. However, there is also an increased risk of
NEC and feed-intolerance in formula-fed infants.'”*®
Over time, the quality and methods of fortification
have become more advanced, with ‘adjustable’ and
‘targeted’ individualized fortification methods
becoming the optimal practice over ‘standard’
fortification methods."” The focus of fortification is to
elevate and optimize the concentration of nutrients
to meet preterm infants’ nutritional requirements at
proposed feeding volumes.'s

In Oman, a rapid shift in fertility rates from
younger women to older women aged 35 to 49 years,
who have a higher risk of gestational complications,
has resulted in a rise in the preterm birth rate.” It
is important to consider and analyze the healthcare
and nutritional practices of NICUs in Oman because
prematurity and its complications are one of the
leading causes of neonatal deaths.”’ At the NICU
in Sultan Qaboos University Hospital (SQUH)
in Oman, human milk fortifier (HMF) was not
available prior to 2018. For years, expressed breast
milk (EBM) was fortified using a commercially
available PF powder. However, in November 2018,

HMF was introduced and replaced the previous
practice of using PF powder for the fortification of
EBM. The objective of this study was to evaluate and
compare the relative effects and advantages of these
two methods of EBM fortification in this tertiary
healthcare setting.

METHODS

Oman is a developing country with universal free
healthcare services for all Omani citizens. The
healthcare system is organized into three tiers: 1)
primary medical care through local health centers,
2) secondary medical care through regional referral
hospitals, and 3) tertiary care through national
referral hospitals.”> SQUH is a major national
referral hospital and academic center in Oman,
with high admission rates for high-risk pregnancies,
with their associated post-natal complications
and neonatal diseases. This retrospective cohort
study was conducted in the NICU of SQUH,
which is a level III NICU with an average delivery
rate of 5000/year.”? Each unit in the NICU team
includes the neonatologist, residents, and junior
physicians, all of whom round daily, staff nurses, and
a dietician who reviews each patient and provides
recommendations weekly.

At SQUH’s NICU, preterm infants of < 32
weeks’ gestational age or VLBW (< 1500 g) are
started on starter total parenteral nutrition (TPN)
on day one of life at a total fluid intake of 80 mL/kg/
day. On day two of life, they are started on custom-
made TPN. Enteral feeds are introduced once the
baby is clinically stable during the first few days of
life and progressed as per the individual unit feeding
protocol. Fluid intake is documented on a daily basis
by nurses, then reviewed by physicians and progressed
based on fluid balance and serum sodium (Na) levels,
until reaching and maintained at 150 mL/kg/day.
Fortification of breastmilk is commenced once total
enteral feed volume reaches 120-150 mL/kg/day.
Before November 2018, EBM fortification was
performed usinga commercially available PF powder,
using a locally available recipe to make 22, 24, 27,
and 30 Kcal/oz (= 0.74, 0.81, 0.91, and 1.01 Kcal/
mL) concentrations. After November 2018, HMF
was made available for routine EBM fortification.
The HMF starts at 22 Kcal/oz (0.74 Kcal/mL)
(1 sachet/50 mL of EBM), progressing after 48
hours to 24 Kcal/oz (81 Kcal/mL) (2 sachets/50
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mL of EBM) and, if necessary, increased to 26
Kcal/oz (0.88 Kcal/mL) (1 sachet/20 mL of EBM).
Additional sources of calories, e.g., medium chain
triglycerides (MCT) oil or protein powder, may be
added for those infants with suboptimal weight gain
despite maximum standard EBM fortification. Once
the baby is fed on demand, the calorie concentrations
are changed to 24 kcal/oz, usually a few days before
discharge. Intake output and growth parameter
charting were monitored and recorded daily. Basic
laboratory evaluations were done weekly unless there
was a need for emergent investigations.

Eligible infants were preterm infants (< 32
weeks’ gestation) or VLBW infants (< 1500 grams),
admitted to the SQUH NICU on two different
assessment occasions; January to December 2016
(cohort 1: PF powder-fortified EBM cohort)
and November 2018 to December 2019 (cohort
2: HMF-fortified EBM cohort). Neonates were
excluded if they died before discharge, had palliative
care status, were exclusively fed formula, or had
chromosomal anomalies.

The primary outcomes were growth rates
[weight (Wt: g/kg/day), height (Lt: cm/week) and
head circumference (HC; cm/week)]. These were
measured over three weekly periods following the
commencement of fortification (i.e. P1: week one
post-fortification, P2: between week one and two
post-fortification, P3: between week two and three
post-fortification). Discharge growth parameters
were plotted against Fenton growth chart and
categorized to < 10* centile, 10-50* centile, 50-90*
centile, and > 90 centile.

Secondary outcomes were weekly levels of
Na, calcium (Ca), phosphate (PO,), alkaline
phosphatase (ALP), albumin, and urea, episodes
of ‘feeding intolerance’ (defined as any episode of
vomiting, abdominal distension, increased gastric
residual volume resulting in holdingat least one feed,
or keeping on %il per os’(NPO) orders), NEC, use
of other adjunctive fortifications (MCT oil, protein
powder), post-conceptional age (PCA) at discharge
(in weeks), and length of stay (LOS). Factors
related to weight gain velocity (g/kg/day) and the
occurrence of NEC were also assessed.

The patients’ electronic charts were reviewed, and
a predefined data set was collected for each patient.
Categories included gestational age, birth growth
parameters, weight before starting fortification
(W), weekly growth parameters for three weeks after

starting fortification and at discharge, energy intake
through feeds, weekly electrolytes (Na, Ca, PO4,
albumin, ALP, and urea), and diagnosis of NEC and
its severity according to Bell’s staging,” BPD and
its severity according to National Institute of Child
Health and Human Development classification,
culture-positive sepsis, ROP and its severity according
to International Classification of Retinopathy of
Prematurity staging,” other adjunctive fortifications
used (e.g., MCT oil or protein fortifier), discharge
growth parameters, discharge PCA, and LOS. Each
patient received a serial code. Data files were password
encrypted to ensure data security, and access was
restricted to the investigators.

Analysis was performed using IBM SPSS
Statistics 26.0 (IBM Corp. Released 2019. IBM
SPSS Statistics for Windows, Version 26.0. Armonk,
NY: IBM Corp.). Normally distributed continuous
variables are expressed as mean+SD and non-
normal variables are expressed as the median and
interquartile range. Categorical variables are shown
as numbers and percentages. The two cohorts of the
study were compared in baseline and primary and
secondary outcome variables. The chi-square test
was used to test the significance of the association
between categorical variables, normally distributed
means of cohorts were tested using independent
sample #-tests, otherwise tested using non-parametric
Mann-Whitney U test. A p-value of < 0.05 was
considered statistically significant.

Ethical approval was obtained from the
institution’s Medical Research Ethics Committee. All
research was carried out according to the principles
of the Declaration of Helsinki. This study was
conducted retrospectively to assess routine clinical
care and standard practices of this clinical setting.

RESULTS

A total of 103 infants were included: 55 in cohort 1
and 48 in cohort 2. The mean gestational age for both
cohorts was 28.0 weeks. There were no significant
differences between the two cohorts in their baseline
characteristics, including mean gestation age, birth
growth parameters (Wt, Lt, HC), day of life at the
start of fortification, and the time of reaching full
enteral feeds or energy intake (maximum kcal/oz
ingested) [Table 1].

There was no difference in mean weight before
the start of fortification (W ). The growth rates are
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Table 1: Baseline characteristics.

Baseline characteristics Cohort 1 (n=55) Cohort2 (n=48) Ranges p-value
Gestational age, weeks* 28.6(2.2) 28.7(2.7) 23-35 0.852
BW, g* 1124.8 (215.7) 1208.2 (393.7) 500-2000 0.195
Birth Lt, cm* 36.6 (3.5) 36.7 (4.3) 23-46 0.885
Birth HC, cm® 25.4(20) 253 (3.0) 19.5-320 0752
DOL at start of feeds** 3.0 (2.0,5.0) 2.0(2.0,3.8) 1-23 0.018™*
DOL at start of fortification™ 15 (10, 24) 14.0 (8.0, 19.0) 2-161 0.421
DOL at full feeds™ 200 (110, 3.0) 155 (7.3,3.0) 4-181 0.112
Weight at start of fortification (W) (g)* 1211.7 (233.8) 1275.8 (392.7) 600-2320 0.317
Energy intake (maximum Kcal/oz)* - 0.505

2 17 (309) 11 (23.4)

26/27 37 (67.3) 36 (76.6)

30 1(18) 0(0.0)

BW:-birth weight; Lt: length; HC: head circumference; DOL: day of life. "Variable expressed asmean (SD); *Variable expressed as median (IQR); # Vilue expressed

asn (%) " p-value < 0.05 considered statistically ségn]ﬁcmu‘.

Table 2: Growth rates after starting fortification.

Difference Cohort 1 Cohort 2

p-value
Weight gain velocity, mean (SD), g/kg/day

Pl 7.6(9.7) 125(7.9) 0.009

P2 134(59)  169(93) 0050

P3 13.4(5.9) 169(93)  0.174
Length gain, cm/week

PL(WI-WO0)  10(00,25) 20(0.0,35) 0254

P2(W2-W1)  10(00,20) 10(00,20)  0.120

P3(W3-W2)  10(00,20) 10(0.0,20) 0639
HC gain, median (IQR), cm/week

PL(WI-W0)  15(00,26) 20(0530) 0272

P2(W2-W1)  10(0510) 10(0515) 0232

P3 (W3 -W2) 1.0(0.5,1.0)  0.5(0.0,1.5) 0.870

PI: [m‘iod 1;P2: /Jc'riorl 2, P3: [m‘iod 3 W0: at the start rgfforti ication;
W1: week 1; W2: week 2; W3: week 3.
p-value < 0.05 considered statistically significant.

Table 3: Differences in the outcomes of
discharge parameters.

Discharge Cohort 1 Cohort2  p-value
parameters

Discharge Wt, g 2008.9 (519.0) 2069.5(396.9) 0.515

Discharge Lt, cm*  42.5 (3.6) 43.4(3.3) 0.265

Discharge HC,  30.7 (2.0) 303(1.8) 0325

cm®

PCA atdischarge,  36.5(3.8) 36.0 (2.9) 0.467

weeks*

LOS, days™  48.0 (37.0,74.0) 44.0 (30.0,65.0) 0.379

Wi: welgk/; Lt /mg//a; HC: head [ircumférfmf; PCA: post-conceptional age;
LOS: length of stay. Variable expressed as mean (SD); *Variable expressed as
median (IQR).

presented in [ Table 2]. The mean weight gain velocity
was significantly higher in cohort 2 during the first
and second weeks after commencing fortification.
Subsequently, although weight gain velocity was
higher in cohort 2, the difference in weight gain
velocity during P3 was not statistically significant.
Linear and HC growth during the three periods
were statistically comparable. Although there were
no significant differences in the mean values of
discharge growth parameters [ Table 3], significantly
fewer infants of cohort 2 had discharge weight
< 10* centile (p = 0.029). Additionally, significantly
more infants from cohort 2 had discharge weight
in the 10*-50" centile or > 50 centile [Figure 1].
Both cohorts were discharged at a mean PCA of
approximately 36.0 weeks. LOS was not statistically
different [ Table 3].

Both cohorts have an overall up-trending serum
Na level over the four follow-up points. The median
Na level was significantly higher in cohort 2 at one
and two weeks post-fortification [ Table 4], although
the difference may not be clinically relevant since
both cohorts had mean serum Na levels within
normal ranges at those time points. There were no
clinically significant differences in Ca, PO o albumin,
and ALP levels. The urea level was significantly
higher (but within the normal upper reference limit)
in cohort 2 during the second and third weeks post-
fortification and at the time of discharge.

There was a statistically significant higher use of
other adjunctive forms of fortifications in cohort
1, with almost 70.9% receiving other adjunctive

OMAN MED J, VOL 38, NO 3, MAY 2023



HILAL AL MANDHARI, ET AL.

p=0029 B oot 1

W b2

Percentage, %

<10 10-50° 50-90"

Discharge weight centiles

Figure 1: Discharge weight centiles for the
study cohorts.

fortifications in cohort 1 compared to only 12.5% of
cohort 2 (p = 0.035) [Table 5]. Significantly more
cases of NEC were observed in cohort 1 (11 cases,
20.0%) compared to two cases (4.2%) in cohort 2
(p = 0.018). A review of NEC cases in cohort 1
revealed the following: stage 1 = 7 cases; stage
IT = 2 cases; stage III = 2 cases. The two cases of
NEC in cohort 2 were stage II. The rates of feeding
intolerance and other complications of prematurity
(i.e., intraventricular hemorrhage, BPD, patent
ductus arteriosus, ROP, and culture-positive sepsis)
were statistically comparable. Univariate analysis of
factors related to weight gain velocity revealed that
a significant determinant was fortification cohort
(p =0.003), with cohort 1 havinga mean weight gain
velocity of 11.1 g/kg/day and cohort 2 of 12.1 g/
kg/day [Table 6]. Birth weight, gestational age, and
adjunctive fortification methods were not significant
contributors toward weight gain velocity.

By multivariate regression analysis, the occurrence
of NEC was found to be significantly associated with
cohort 1, or fortification with PF (odds ratio (OR) =
8.27, CI: 1.46-46.86; p = 0.017), while gestational
age (OR = 0.87, CI: 0.63-1.22; p = 0.430) and birth
weight (OR = 0.99, CI: 0.99-1.00; p = 0.098) were

found to not be significant.

DISCUSSION
To the best of our knowledge, this is the first study
of its kind in the Arabian Gulf population or in
other similar emerging global economies, with a
few exceptions.'®” While the benefits of human
milk fortification over exclusive breastfeeding are
relatively established, the number of comparative

Weekly levels of serum sodium, calcium, phosphate, ALP, albumin, and urea.

Table 4

At discharge

Week 3

‘Week 2

Week 1

Lab

Cohort 2 p-value Cohort 1 Cohort 2 p-value Cohort 1 Cohort 2 p-value Cohort 1 Cohort 2 p-value

Cohort 1

0.070
0.040*
0.130

140.4

(2.0)
58

(0.1)

1395
(2.6)
3

1)
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0.610 360.1 3277 0.270 360.1 359.7 0.990 3492 0.950
(120.9) (132.7) (112.3) (119.0) (103.3) (97.9)
34.6 (4.1)

3624
(156.3)

376.8
(126.8)

ALP

0.010*

0)

I

0.080

o)
g

—_—

0
A

.5

0.400

o

3.9
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0.180

Alb

<0.001*

2.7
(1.3)

<0.001*

1.6 2.8(1.5) <0.001* 1.6
(0.8) (12)

0.070
Na: sodium; Ca: calcium; PO ; phosphate; ALP: alkaline phosphatase; Alb: albumin. “p-value < 0.05 considered statistically significant.

2.8

(15)
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Table 5: Comparison of categorical variables of
secondary outcomes and preterm complications.

Table 6: Univariate analysis of factors that may be
related to weight gain velocity.

Categorical Cohort 1 Cohort2  p-value*
variables (%) (%)

IVH 3(5.5) 9(188)  0.062
PDA 11(200)  10(208)  1.000
BPD 24(43.6)  16(333) 0316
NEC 11 (20.0) 2(42) 0018
ROP 12(21.8)  14(292) 0496
Culture-positive 7 (12.7) 5 (10.4) 1.000
sepsis

> 1 episode 14 (25.5) 14(29.2) 0.661
of feeding

intolerance

Other adjunctive 39 (70.9) 6(12.5) 0.035**

fortification

IVH: intraventricular hemorrhage; PDA: patent ductus arteriosus;
BPD: émnchapu/momr] /{y;])/mia; NEC: necrotising enterocolitis;
ROP: retinopathy (y’])rwmlﬂri{y. “Tested using the chi-square test; *
"p value < 0.05 considered statistically significant.

studies between HMF and commercial PF as two
approaches towards preterm nutrition are limited,
despite the common use of PF in resource-poor
settings and the potential benefits of HMF.** Our
retrospective cohort study compared these two
methods of human milk fortification each used in
different periods in the same healthcare setting.
Oman has a rate of 2.84 births per woman. Such a
high birth rate reflects that Oman is currently in the
second phase of demographic transition, and thus,
is “home to one of the youngest populations in the
world”?*3" This may contribute to an increasing
risk of preterm birth. In addition to this, with
the increase in women’s empowerment due to
widespread education and shifting gender roles, the
country is witnessing increased pregnancy among
relatively older women aged 35-49 years compared
to the past.”® Therefore, finding evidence-based
mechanisms to safeguard the well-being of such a
vulnerable strata of the population is warranted.
The practice of using formula powder to fortify
EBM has been explored, especially as an alternative
to HMF in resource-restricted settings.”” In a
prospective randomized controlled trial, 148 infants
< 1500 gand < 35 weeks gestation were randomized
into a control group that received EBM and a
fortification group that received fortified human milk
using a commercially available infant milk powder.**
Weight gain and linear growth were significantly
higher in the formula-fortified breast milk group,

while biochemical parameters, sepsis rates, feed

Weight gain velocity, g/kg/day Mean p-value*
(SD)
Cohort
1 1L1(85) 0003
2 12.1 (142)
Gestational age -0.035 0.560
Birth weight -0.059 0.325
Adjunctive fortification
Yes 11.9 (8.9) 0.397
No 12.8(92)

“Value p <0.05 considered statistically significant.

intolerance, and NEC were not significantly
different between the two groups.”> A randomized
study of 123 VLBW,, < 34 weeks’ gestation preterm
infants receiving either HMF-fortified EBM or PF-
fortified EBM reported no significant difference in
mean weight gain between the two groups, and the
study concluded that fortification with PF powder
is not inferior to HMF fortification.”® A systematic
review and meta-analysis analyzing a total of five
studies in which infants were fed breast milk fortified
with PF, suggested that commercially available PF
powders can be considered a safe and efhicacious
alternative to HMF in developing economies.?®
However, a limitation of this study is that only five
studies met the inclusion criteria, likely limiting the
generalization of the results.

The findings of comparable linear and HC
growth between the two cohorts of this current study
correlate well with Chinnappan et al.'"® However,
in our study, the increase in the means of weight
gain velocity in the initial two weeks following the
start of fortification significantly favors HMF over
PF. Although mean weight gain velocity remained
higher in cohort 2 in the subsequent week as well
(i.e., P3), significance was not found. This loss
of significance might have been explained by the
notably higher proportion of patients in cohort 1
(70.9% vs. 12.5%) receiving other adjunctive forms
of fortification, although analysis revealed that
adjunctive fortification was not a significant factor
of weight gain velocity. However, at the time of
discharge, significantly fewer infants of cohort 2 had
discharge weight < 10 centile and more often had
a discharge weight in the 10-50" centile or > 50*
centile compared to cohort 1. Consistently, higher
mean urea levels after fortification in cohort 2 are

OMAN MED J, VOL 38, NO 3, MAY 2023
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likely to be an indicator of better protein intake with
HMTF fortification.?

There was a significantly higher rate of NEC
in cohort 1, who were fed with PF-fortified EBM.
Of note, there were no other significant changes
in the unit’s feeding practices and the two cohorts
were similar in terms of mean gestational age and
BW. Interestingly, this finding does not correlate
with those of the aforementioned two studies that
used formula powder to fortify breast milk, where
the NEC rates were similar to breast milk alone
or HMF-fortified human milk.'®** However, an
increased risk of NEC has been demonstrated with
the use of PF for feeding preterm infants compared
to cither feeding with the mother’s breast milk or
donor breast milk,!*1734

Increased scientific interest in the comparability
between PF and HMF could help further analysis
of their respective pharmacokinetic and nutrient
bioavailability properties in different demographic
groups. Absorption, utilization, and bioavailability
of important nutrients, such as Ca, can be affected
by factors such as race, ethnicity, and genotype.*>*
Nutritional needs may also be dependent on these
variables, such as the strong influence of maternal
race and environmental factors on the vitamin D
stores at birth. This results in greater potential for
vitamin D deficiency in Indian, Middle-Eastern, and
African-American preterm infants.”’

These possible demographic variations could
explain the significantly positive response to
fortification with HMF rather than PF in our study,
compared to the results of Chinnappan et al,’ and
Warner et al,’® where the weight gain velocities
of the PF and HMF groups were comparable.
Adjustable targeted HMF fortification protocols are
capable of overcoming these possible demographic
discrepancies by optimizing feeding regimens and
components according to each neonate’s growth
velocity and laboratory values.?

This study has a few limitations worth
mentioning. First, the retrospective design of this
study is not ideal to determine the specific causality.
Although all exclusively formula-fed infants were
excluded, some infants in either cohort received
some formula feeding as an alternative when
EBM was not available. It is difficult to determine
the impact of this limitation on the results of this
study. Furthermore, while the analysis accounted
for possible confounders that might have had an

impact on the results of the two historical cohorts, it
would not be accurate to say that the only difference
in the NICU management protocols between the
two different periods was the change of fortification
from PF to HMF. Future studies with prospective,
longitudinal, randomized control study protocols
would be best to derive conclusive results.

Second, due to the wide range of gestational
ages, the duration of exposure to fortification was
variable, with some infants being discharged before
completing three weeks of feeds with the fortifier.
A larger sample would allow for the stratification
of newborns based on age or length of hospital stay,
followed by further analysis and comparison of their
respective results.

Third, it is equally important to mention the
NICU practice of changing calorie concentrations
to 24 kcal/oz once the baby is on-demand feeds,
which typically happens a few days before hospital
discharge. This could have impacted discharge
growth parameters, limiting the generalization of
this study and its results.

Fourth, it was beyond the scope of the present
study to perform a cost analysis of the use of HMF
and PF. While strategies on appropriate neonatal
feeding practices from other resource-poor countries
are present in the literature,” the unique situation
in Oman, a developing nation with a high-income
economy, could be better captured by future research
that builds on the results of the present study to
further assess the relative cost-effectiveness of the
use of PF and HMF in Omani NICUs.

Finally, due to logistical reasons in this
retrospective study, the exclusion criteria included
neonates that died prior to discharge or had palliative
care status. This may have resulted in potential
attrition bias. Additionally, as the setting of this
study is a major tertiary health settingin Oman, it is
a common referral center for high-risk pregnancies,
which may have naturally led to an increased
number of multifactorial preterm and neonatal
complications, which introduces confounding bias.

CONCLUSION
The use of HMF for human milk fortification
compared to PF powder was associated with better
weight gain, decreased need for other forms of
fortification, and a lower rate of NEC. The discharge
weight in infants receiving HMF-fortified EMB was
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more likely to be > 10 centile for age. Studies with

more robust methodologies, such as randomized

control trials, are required to form conclusive results

on the potential benefits of fortification with HMF

over PF powder.
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