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OBJECTIVE: Double-blind randomized control trial of early addition of a bovine milk-derived human milk fortifier (HMF) in very low
birth weight (VLBW) infants (NCT05228535).
METHODS: VLBW infants were randomized to receive bovine milk-derived HMF with first feedings or delayed fortification at 80 ml/
kg/day. Anthropometrics were assessed weekly through 36 weeks postmenstrual age (PMA). Unadjusted and adjusted (race,
gender, gestational age, and birth weight) differences between study arms were examined using two-sample t-test and ANCOVA,
respectively.
RESULTS: Fifty-two VLBW infants (57% female, 60% Black) were enrolled. Baseline demographics did not differ between groups.
Weight velocity at DOL 28 did not differ between study arms. Secondary outcomes including NPO occurrence, incidence of
metabolic acidosis, NEC, retinopathy, or late-onset sepsis did not differ between groups.
CONCLUSION: Immediate fortification of enteral feedings with a bovine milk-derived HMF appears safe and well-tolerated
although no clear growth benefit could be established.

Journal of Perinatology; https://doi.org/10.1038/s41372-024-01998-0

INTRODUCTION
Mother’s own milk is considered the standard of care for very low
birth weight infants (VLBW, <1500 g) and key stakeholders in
infant nutrition recommend pasteurized donor human milk as the
preferred alternative [1–3]. These recommendations are in line
with clinical practice wherein the vast majority of neonatal
intensive care units (NICU) use human milk as the primary diet for
VLBW infants [4]. However, both mother’s own milk and donor
human milk do not provide sufficient macro- and micronutrient
content to support physiologic growth in VLBW infants [5–7]. In
response to this clinical need, multi-nutrient human milk fortifiers
(HMF) have been developed to supplement human milk and are
widely used [8–10].
HMFs are sourced from bovine and human milk. Although HMFs

are widely used, current practice holds that HMFs should be
added to human milk once feedings are established, which is
generally considered to occur once feeding volumes reach
60–100 ml/kg/day [11, 12]. However, the timing of human milk
fortification is not well-supported. Recently, Salas et al. reported
that addition of a human milk-derived HMF on feeding day 2 in
preterm infants less than 28 weeks postmenstrual age (PMA) at
birth resulted in greater length and weight gains without altering
fat-free mass at 36 weeks PMA [13]. Importantly, the study failed
to demonstrate a difference in the rate of necrotizing enterocolitis
(NEC), spontaneous intestinal perforation (SIP), or death. These
results mirror a previous open-label multi-center clinical trial and

retrospective studies of early addition of a human milk-derived
HMF to human milk [14, 15]. A similar open-label clinical trial
compared early addition of an acidified bovine milk-derived HMF
at a feeding volume of 20 ml/kg/day with delayed fortification at
100ml/kg/day in VLBW infants with modest advantages in weight
gain noted in the early fortification group [16]. However, early,
unmasked addition of a powder bovine milk-derived HMF to
human milk feeds failed to identify any growth benefits in preterm
infants [17].
While these studies raise an important consideration that early

addition of an HMF may provide some growth benefits in preterm
infants, human milk-derived HMFs represent less than half of the
market share [10] and the addition of a human milk-derived HMF
to human milk is likely to be viewed as “low risk”. In contrast,
bovine milk-derived HMFs are much more widely used, and
limited evidence has been provided to guide the timing of their
use. Here, we report growth and feeding-related outcomes from a
double-blind randomized control trial to test the hypothesis that a
bovine milk-derived HMF added to the first feeds would result in
improved weight velocity with equivalent tolerability to delayed
fortification at 80 ml/kg/day.

METHODS
This study was approved by the Institutional Review Board at Augusta
University and registered as a clinical trial (NCT05228535). Interventions
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and study outcomes were performed in accordance with the Declaration of
Helsinki. Study eligibility included 1) birth weight between 1000 and
1500 g, 2) admission to the NICU within 24 h of birth, and 3) maternal
intent to supply breast milk and informed consent for the use of donor
human milk. Infants were excluded from the study if 1) their birth weight
was below the 3rd percentile for gestational age and sex on the
Fenton Growth Curve, 2) enteral feedings were not initiated within 72 h
of birth, or 3) they had major congenital anomalies that might impact
feeding, growth, or survival. All preterm infants with a birth weight below
1500 g were screened for eligibility. Twins were allocated to the same
study arm.
Parents of eligible preterm infants were approached for consent within

24 h after birth and prior to the initiation of enteral feeds. Upon study
consent, infants were randomly assigned to one of two groups: 1)
Intervention: bovine milk-derived HMF added to the first enteral feed or
2) Control: bovine milk-derived HMF added to feedings upon reaching
80ml/kg/day. Infants were randomized in blocks of four using numbered,
sealed opaque envelopes. Each envelope was opened sequentially by
the Director of the Milk Laboratory at the Children’s Hospital of Georgia
and allocation was communicated to two dedicated milk laboratory
technicians who prepared all human milk for study participants but had no
direct role in patient care. Human milk prepared for study infants was
labeled “study” with no designation of calorie or nutrient content and was
provided to nursing staff as per routine enteral nutrition schedule. All
physicians, nurses, dieticians, and parents were blinded to study
intervention.
All study infants were provided 20ml/kg/day of mother’s own milk or

donor human milk (Ni-Q HDM Plus™, 20 kcal/ounce, Wilsonville, OR) and
advanced by 20ml/kg/day every other day with a goal feeding volume of
140–150ml/kg/day. Infants allocated to the intervention arm (designated
“Early” fortification) received the bovine milk-derived HMF (Enfamil® Liquid
Human Milk Fortifier Standard Protein, Mead Johnson Nutrition, Evansville,
IN) beginning with the initial enteral feedings (5 mL HMF+ 50mL human
milk, 22 kcal/ounce) according to the manufacturer’s instructions. Infants in
the intervention arm were maintained on this recipe until feeding day 10
when they received human milk containing bovine milk-derived HMF
(5mL HMF+ 25mL human milk, 24 kcal/ounce) according to the
manufacturer’s instructions. Infants in the control arm were provided
human milk (20 ml/kg/day) without HMF and advanced by 20ml/kg/day
every other day until 80 ml/kg/day. After achieving an enteral feeding
volume of 80ml/kg/day for 24 h, infants in the control arm (designated
“Late” fortification) were provided human milk with the bovine milk-
derived HMF (5mL HMF+ 50mL human milk, 22 kcal/ounce) and advanced
to the higher caloric density (5mL HMF+ 25mL human milk, 24 kcal/ounce)
48 h later. All study infants were provided NaCl (1.3meq/kg/day), MgCO3

(6mg/kg/day), Zinc (1mg/kg/day), iron (6mg/kg/day), vitamin D (800 IU/day)
and total parenteral nutrition (TPN) as per usual care. Study infants were
maintained on human milk containing HMF (24 kcal/ounce) until hospital
discharge, if receiving mother’s own milk, or upon reaching 1800 g were
transitioned to preterm infant formula (Enfamil® Premature, 24 kcal/ounce,
Mead Johnson, Evansville, IN).
Anthropometric measurements were performed by the same 2 study

members (ZW, JAG) for all study infants. Weight, length, and head
circumference were measured within 24 h of birth and every 7 days
(+/− 1 day) through 28 days of life and at 36 weeks PMA or at the time of
hospital discharge, whichever occurred first. Mid-arm circumference was
measured at 28 days of life. Weight was measured twice on a tared infant
scale calibrated to the nearest 10 g. Discrepancies of greater than 10 g
were repeated, and the average weight (g) was recorded. Head
circumference was measured with a Seca® non-stretch, Teflon® measuring
tape. The tape was applied firmly around the head above the supraorbital
ridges, covering the most prominent part of the frontal bulge anteriorly,
and over the part of the occiput that gives the maximum circumference.
Discrepancies of greater than 0.5 cm were repeated, and the average head
circumference (cm) was recorded. Length was measured on a length board
with a stationary headpiece and adjustable footpiece. One examiner held
the infant’s head with the Frankfurt plane in the vertical position and
applied gentle traction to bring the top of the head into contact with the
fixed headboard. The second examiner held the infant’s feet, toes pointing
directly upward, and applied gentle traction to bring the movable
footboard to rest firmly against the infant’s heels. Discrepancies of greater
than 0.4 cm were repeated, and the average length (cm) was recorded. The
right upper arm circumference was measured with a Seca® non-stretch,
Teflon® measuring tape. Two measurements were obtained, and the
average mid-arm circumference (cm) was recorded. Weight velocity was

calculated using the following formula:

GVðg=kg=dayÞ ¼ 1000´ ðWn �WbirthÞ
ðDn � DbirthÞ ´ ðWnþWbirthÞ

2

where
Wbirth=weight at birth (g)
Wn=weight at day of measurement
Dbirth= date of birth
Dn= date for measurement corresponding to DOL 28 or date of

discharge/ 36 weeks PMA
Length and head circumference velocity (cm/week) were also calculated.

Demographic data for all study participants included race, gender, APGAR
scores at 1 and 5min of life, total human milk intake and volume of
mother’s own milk and/or donor human milk intake, days of TPN, number
of missed enteral feeds, number of stools per day, emesis volume and
events per day, and feeding-related days of nil per os (NPO). Incidence and
stage of NEC [18], oxygen requirement at 36 weeks PMA, any retinopathy,
incidence of metabolic acidosis (HCO3 < 18 mEq/L), and culture-positive
sepsis were recorded.

Sample size and statistical analysis
The primary outcome for the clinical trial was weight velocity (g/kg/day) at
28 days of life. A sample size calculation (alpha= 0.05, beta= 20%) based
on a between-group difference in weight velocity of 3 g/kg/day (pilot
sample of ten eligible infants, 10.6 ± 3.64 g/kg/day) determined that 50
infants (n= 25/group) would be necessary to determine superiority.
Secondary outcomes included incidence of metabolic acidosis, feeding
intolerance, incidence of NEC, oxygen requirement at 36 weeks, any
retinopathy, culture-positive sepsis, and adiposity based on mid-arm
circumference. All statistical analysis was performed using SAS 9.4 and
statistical significance was assessed using an alpha level of 0.05.
Descriptive statistics were calculated within group (Early or Late).
Unadjusted differences between groups on weight velocity on day 28
and weight velocity at 36 weeks were examined using a two-sample t-test.
To adjust for race, gender, gestational age at birth, and birth weight,
ANCOVA was used to examine differences in weight velocity on day 28 and
weight velocity at 36 weeks PMA between groups.

RESULTS
A total of 69 infants were assessed for eligibility between April 1,
2022, and December 31, 2023, and 52 infants underwent
randomization with 26 participants allocated to each of the
“Early” and “Late” fortification arms (Fig. 1). Baseline demographics
for study participants are provided in Table 1. The mean birth
weight and gestational age at birth for the entire study cohort
(57% female, 60% Black) was 1285 ± 148 g and 214 ± 11 days,
respectively. Birth weight was modestly higher (p= 0.09) as were
length and head circumference (p= 0.04) in the Early group when
compared with the Late group, but no statistically significant
differences between groups were identified. All 52 participants

Fig. 1 Study eligibility, screening, enrollment, and completion.
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reached the primary outcome of weight velocity at DOL 28 with
no statistically significant difference between groups were
identified (t(50)=−0.08, p= 0.9348). Similarly, length and head
circumference velocity did not differ between groups at DOL 28.
Controlling for race, gender, gestational age at birth, and birth

weight, weight velocity at DOL 28 did not differ between groups
(Table 2).
Several secondary outcomes were analyzed including weight,

length, and head circumference velocity at 36 weeks PMA. No
statistically significant difference between groups was observed

Table 1. Descriptive statistics by fortifier group.

Early (n= 26) Late (n= 26) p-value

EGA at birth (d) 214 ± 11 214 ± 12 0.81

EGA at discharge (d) 263 ± 17 264 ± 13 0.78

Female 11 (42.3) 19 (73.1) 0.05

Race

Black 13 (50.0) 18 (69.2) 0.35

White 10 (38.5) 7 (26.9)

Other 3 (11.5) 1 (3.9)

Multiple birth 5 (19.2) 7 (26.9) 0.51

Maternal Age (yrs) 27.1 ± 6.4 26.9 ± 5.9 0.87

APGAR at 5mina 7.0 (6.0–8.0) 7.0 (6.0–8.0) 0.87

Birth measurements

Weight (g) 1320 ± 144 1250 ± 147 0.09

Weight Z-score −0.43 ± 0.68 −0.48 ± 0.97 0.84

Length (cm) 38.3 ± 1.3 37.4 ± 1.7 0.04

Length Z-score −0.60 ± 0.74 −0.82 ± 0.99 0.36

Head circumference (cm) 27.0 ± 1.2 26.3 ± 1.3 0.04

Head circumference Z-score −0.62 ± 0.85 −0.89 ± 0.75 0.23

Growth velocities

Weight velocity at 28 d (g/kg/day) 13.3 ± 2.8 13.4 ± 2.7 0.93

Weight velocity at 36 weeks (g/kg/day) 13.5 ± 2.6 13.9 ± 2.7 0.58

Length velocity at 28 d (cm/week) 1.0 ± 0.2 1.0 ± 0.2 0.93

Length velocity at 36 weeks (cm/week) 1.1 ± 0.2 1.1 ± 0.2 0.76

Head circumference velocity at 28 d (cm/week) 0.8 ± 0.2 0.8 ± 0.2 0.52

Head circumference velocity at 36 weeks (cm/week) 0.8 ± 0.2 0.9 ± 0.2 0.66

Mid-arm circumference

28 days (cm) 8.0 ± 0.8 7.9 ± 0.7 0.55

36 weeks (cm) 8.8 ± 0.8 8.7 ± 1.0 0.67

Data represents mean ± standard deviation or value (percent).
cm centimeter, d day, EGA estimated gestational age, g grams, kg kilogram, yrs years.
aData represents median (interquartile range).

Table 2. Weight growth velocity at 28 days and 36 weeks postmenstrual age.

Outcome Variable Level of variable Adjusted least squares mean (SE) F-value p-value

Weight velocity at day of life 28 Race 0.19 0.83

Gender 1.28 0.26

EGA at birth 3.07 0.09

Birth weight 3.99 0.05

Group Early 13.6 (0.7) 0.00 1.00

Late 13.6 (0.6)

Weight velocity at 36 weeks Race 0.72 0.49

Gender 9.28 <0.01

EGA at birth 4.40 0.04

Birth weight 8.47 <0.01

Group Early 14.6 (0.6) 1.28 0.26

Late 13.8 (0.6)

Analysis of covariance controlling for race, gender, estimated gestational age, and birth weight.
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for any growth velocity at 36 weeks PMA in univariate analysis
(Table 1) or after controlling for race, gender, gestational age at
birth, and birth weight (Table 2). We did observe that the Early
fortification cohort tended to have higher weight, length, and
head circumference measurements across the first 4 weeks of the
study (Fig. 2A–C), but these relationships failed to reach statistical
significance. Similarly, the weight at 36 weeks PMA did not differ
statistically between groups (2237 ± 332 g vs. 2176 ± 417 g,
p= 0.5648, Fig. 3A). We also measured mid-arm circumference
at DOL 28 and 36 weeks PMA as an assessment of adiposity [19].
We did not identify a statistically significant difference between
groups at DOL 28 or 36 weeks PMA (Table 1 and Fig. 3B).
We also assessed several feeding-related secondary outcomes.

The bovine milk-derived HMF was added to human milk on DOL 1
in the Early group and DOL 9 in the Late group (p < 0.0001), but the
total days of HMF or time to reach full feeds (i.e., ≥130ml/kg/day)
did not differ statistically between groups (Table 3). The total
volume of human milk and ratio of mother’s own milk to donor
human milk did not differ statistically between groups nor did
the percentage of infants who were provided an exclusive

donor human milk diet (Table 3). Similarly, no statistically significant
difference in stool output, emesis volume or events, feeding-related
NPO occurrence, or metabolic acidosis between groups was
identified. Finally, the numbers of infants diagnosed with any
NEC, oxygen at 36 weeks PMA, any retinopathy, or culture-positive
late-onset sepsis did not differ between groups (Table 3).

DISCUSSION
In this double-blind randomized controlled trial, we compared
early growth-related outcomes in a random sample of VLBW
infants provided a bovine milk-derived HMF on feeding day 1 with
comparison to a similar cohort of VLBW infants provided a bovine
milk-derived HMF after reaching ≥ 80ml/kg/day of enteral feeding
volume. The study successfully recruited 91% (52 of 57) of eligible
infants during the study period, masked providers and parents to
study allocation, retained 100% of enrolled participants through-
out the study period, and successfully monitored anthropometrics
and secondary outcomes throughout the study period for all
infants. Our analysis indicated that addition of a bovine milk-
derived HMF did not associate with higher weight velocity at DOL
28 nor did we identify any growth advantages in the intervention
group at DOL 28 or 36 weeks PMA. We also did not identify any
statistically significant differences between groups with regard to
several secondary outcomes. To our knowledge, this is the first
double-blind randomized clinical trial of early fortification using a
bovine milk-derived HMF beginning with the first enteral feedings
in VLBW and/or preterm infants.
The addition of HMFs to human milk is necessary for preterm

infant growth. Human milk, regardless of its source, lacks sufficient
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quantities of protein, sodium, key minerals, and trace elements to
support postnatal growth and development [5–7]. Despite wide-
spread use of HMFs for preterm infants, the timing of fortification
remains controversial due to a lack of high-quality studies. An
emerging body of literature suggests that addition of HMFs prior
to 80 or 100ml/kg/day is safe and may provide some benefit to
early or later growth outcomes. Salas and colleagues recently
published a double-masked randomized clinical trial of 150
extremely preterm infants (<28 weeks PMA) provided a human
milk-derived HMF on feeding day 2 and compared outcomes with
“routine” fortification using a bovine milk-derived HMF on feeding
day 14 [13]. No differences in body mass composition were
identified (primary outcome) but they did identify some modest
growth benefits including reduced early weight loss and improved
length gains at term-corrected age. Importantly, the incidence of
NEC, SIP, and death did not differ between groups. Conversely,

Sullivan and colleagues demonstrated that addition of a human
milk-derived HMF at a low enteral feeding volume (i.e., 40ml/kg/day)
did not benefit growth outcomes at term-corrected age but did
appear to be well-tolerated. The authors did identify a higher
incidence of NEC in a third arm of the study that compared early and
delayed addition of a human milk-derived HMF to preterm infants
who were randomly assigned to a bovine milk-derived HMF added
at 100ml/kg/day. However, this multicenter study was not masked
and may introduce some diagnostic bias. Recent publication of
a large open-label multicenter study (n= 229, <28 weeks PMA)
demonstrated no difference in NEC, death, or sepsis for preterm
infants provided a bovine milk-derived HMF when compared with
those provided a human milk-derived HMF [20]. Relevant to the
timing of fortification, both groups were exposed to HMF within the
first week of life.
Early addition of human milk-derived HMFs is gaining

acceptance as evidenced by published feeding protocols provided
by one commercial entity and recent clinical reports [21–23]. Early
addition of bovine milk-derived HMFs is more controversial with
few studies to guide clinical decision-making. Shah et al.
randomized 100 VLBW infants to open-label addition of a bovine
milk-derived HMF at 20 ml/kg/day with comparison to fortification
occurring at 100ml/kg/day [16]. The number of days to full enteral
feedings (primary outcome) did not differ between groups,
occurring on postnatal day 20, and feeding-related morbidities
were similar between groups. Infants randomized to early
fortification experienced improved weight velocity at 28 days
when compared to delayed fortification; however, the time to
reach “full enteral feeds” in both groups was considerable. An
earlier clinical trial from Iran randomized preterm (28–34 weeks
PMA) and low birth weight (<2 kg) infants to receive a powder
bovine milk-derived HMF beginning on feeding day 1 as
compared to later fortification at 75 ml/kg/day demonstrating no
significant growth benefits at 4 weeks with early fortification using
a bovine milk-derived HMF [17].
Our study significantly advances these findings on several

fronts. Recruitment and retention of eligible infants was high and
both clinicians, parents, and investigators were blinded to study
allocation until all infants were discharged from the hospital.
Although early addition of a bovine milk-derived HMF did not
appear beneficial to any growth outcomes at either DOL 28 or
36 weeks PMA, early fortification appears to be well-tolerated with
no appreciable adverse outcomes. Infants in both arms reached
“full enteral feeds” at DOL 12 and days of TPN did not differ
between groups. Importantly, we tracked feeding-related out-
comes in real time using both frequency and volume of emesis,
stool count, and feeding-related NPO occurrence as noted by the
clinical care team which was blinded to study allocation. Similarly,
adverse outcomes did not differ between groups. It is likely that
any potential growth benefits of early fortification were impaired
by the conservative study design. First, we focused on a preterm
population with relatively low risk for NEC and other adverse
outcomes. Second, the early fortification strategy resulted in the
bovine milk-derived HMF accounting for less than 10% (vol/vol) of
the total enteral feeding volume during the intervention period.
The minimal additional calories and nutrients provided by such a
strategy and over a short period of time appear to exert minimal
or no impact on growth.
In conclusion, we provide valuable clinical data that addition of

a bovine milk-derived HMF is safe and well-tolerated in VLBW
infants despite no clear growth benefits noted. Since bovine milk-
derived HMFs are used by nearly 3 in 4 NICUs in the United States
[10] and are commonly employed throughout the world, our
findings should encourage clinicians to initiate fortification earlier
in their feeding protocols and provide good rationale for future
clinical trials. However, we also acknowledge that the gestational
age and birth weight of the population under study was
conservative and the safety or tolerability of immediate

Table 3. Outcomes by fortifier group.

Early (n= 26) Late (n= 26) p-value

DOL HMF added 1 ± 0.6 9 ± 2.0 <0.01

Total HMF (d) 32 ± 14 31 ± 18 0.72

DOL full feeds
(130mL/kg/d)

12 ± 1.7 12 ± 2.0 0.51

Human milk

Maternal (mL) 3495 ± 4596 4163 ± 6931 0.68

Donor (mL) 2411 ± 1892 2855 ± 2283 0.45

Maternal-to-
donor ratio

0.39 ± 0.44 0.42 ± 0.44 0.81

Exclusive donor
milk

13 (50) 11 (42) 0.58

HMF > 24 kcal/ounce 8 (31) 11 (42) 0.39

Total parenteral
nutrition (d)

12 ± 6 11 ± 3 0.54

Stool (# per day) 2.6 ± 0.8 2.7 ± 0.87 0.78

Emesis (mL) 1.9 ± 2.5 1.5 ± 2.3 0.57

No emesis 14 (54) 16 (62) 0.57

Feeding related NPO
occurrencea

7 (27) 6 (23) 0.75

Metabolic acidosis
occurrencea

3 (12) 2 (8) 0.64

Diagnoses

NEC

Stage 1 0 0 –

Stage 2 1 (4) 0 1.0

Stage 3 0 0 –

Stage 4 0 0 –

Spontaneous
intestinal
perforation

0 0 –

Oxygen at 36
weeks PMA

5 (19) 3 (12) 0.44

Retinopathy (any
stage)

0 0 –

Late-onset sepsis 0 0 –

Length of stay (d) 48 ± 21 50 ± 19 0.73

d day, DOL day of life, HMF human milk fortifier, kcal kilocalorie, kg kilogram,
mL milliliter, NEC necrotizing enterocolitis, NPO “nothing by mouth”, PMA
postmenstrual age.
Data represents mean ± standard deviation or value (percent).
aOccurrence may indicate > 1 episode in a single patient.
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fortification of human milk with a bovine-based HMF in more
immature infants must be examined in future prospective clinical
trials.

DATA AVAILABILITY
Data will be made available upon reasonable written request to the corresponding
author.
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