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Abstract

Background: Long-term outcomes of preterm infants fed an exclusive human milk-based (EHM) diet using a
donor human milk-based fortifier are not well defined.
Materials and Methods: Infants £1,250 g birth weight (BW) were studied prospectively at two outpatient visits:
12–15 and 18–22 months corrected age (CA). Dual-energy X-ray absorptiometry and Bayley Scales of Infant
and Toddler Development III (BSID-III) were performed at 18–22 months CA.
Results: In this pilot study, 51 preterm infants (gestational age 27.8 – 2.6 weeks and BW 893 – 204 g) were
evaluated. While anthropometric z-scores were significantly lower at discharge compared with birth, z-scores
returned to birth levels by 12–15 months CA (length and head circumference [HC]) and 18–22 months CA
(weight). Body composition at 2 years of age was similar to term-matched controls. Inpatient growth was
significantly correlated with bone density, lean mass (LM), and fat-free mass at 18–22 months CA. Increased
mother’s own milk (MOM) was significantly correlated with decreased fat mass indices. BSID-III showed that
0% of cognitive composite scores were <70.
Conclusions: In addition to returning to BW, length, and HC z-scores by 2 years of age, body composition
analysis revealed that increase in body size was appropriate as reflected by LM and bone density similar to
matched term controls without an increase in fat mass. No child had severe cognitive developmental delay using
a cutoff score of 70. Inpatient growth and increased receipt of MOM correlated with favorable growth and body
composition outcomes. Positive outcomes as shown in this study to confirm postdischarge safety of an EHM
diet during hospitalization.
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Introduction

D iets containing human milk (HM) have many ben-
efits for preterm infants.1 Mother’s own milk (MOM)

improves both short- and long-term outcomes, many of which
are enhanced in a dose/response fashion.1,2 Donor human
milk (DHM) is less studied but has been shown to decrease
rates of necrotizing enterocolitis (NEC).3 Despite unknowns,
the American Academy of Pediatrics recommends that pas-
teurized DHM be used when MOM is unavailable in high-risk
infants, with priority given to those infants <1,500 g birth
weight (BW).4

An exclusive human milk-based (EHM) diet (consisting of
MOM or DHM fortified with a pasteurized DHM-based for-
tifier) provides an entirely HM-based approach in the modern
era of fortification for preterm infants. In multicenter ran-
domized control trials, an EHM diet has been shown to sig-
nificantly reduce NEC5,6 and parenteral nutrition days6 when
compared with bovine-containing diets. In addition to finding
significant reductions in NEC, a recent multicenter retro-
spective cohort study also demonstrated decreased mortality,
late onset sepsis, retinopathy of prematurity, and broncho-
pulmonary dysplasia when an EHM diet was compared with a
bovine-based diet.7 However, a single-center randomized
control trial suggested that the routine use of HM-based
fortifier over bovine-based fortifier does not improve feeding
intolerance in a setting with high MOM use and donor milk
supplementation and found no difference in NEC rates.8

The study of the long-term effects of nutritional interven-
tions in the neonatal intensive care unit (NICU) is imperative
as early growth9,10 and nutrition10 have been postulated to
program the body in a manner that influences future meta-
bolic health and disease. Specifically, improved NICU
growth has been associated with improved neurodevelop-
mental outcomes.11,12 Despite this knowledge, postnatal
growth restriction remains a pervasive problem for preterm
infants. Reports exist showing almost 90% of very low BW
infants having growth restriction, defined as a weight less
than the 10th percentile, upon NICU discharge.13,14 Concern
has arisen that catch-up growth in preterm infants, especially
in small-for-gestational-age infants, may lead to increased
adiposity and risk of future metabolic syndrome.15 To date,
only one report has provided data showing that an EHM diet
led to appropriate catch-up growth without metabolic con-
sequences in premature infants measured at 2 years of age,16

and two small studies17,18 have found no difference in neu-
rodevelopmental outcomes of infants who received an EHM
diet in comparison to those that received bovine-based HM
fortifiers. Thus, the appropriate balance between neonatal
growth’s impact on future body composition and neurode-
velopmental outcomes needs more investigation.

This pilot study aimed to evaluate the postdischarge
growth, body composition, and neurodevelopmental out-
comes of a cohort of infants £1,250 g BW who received an
EHM diet in the NICU and explore their relationship with both
inpatient growth rates and the amount of MOM received. We
hypothesized that infants receiving an EHM diet while in the
NICU would achieve appropriate catch-up growth by 2 years
of age as evidenced by anthropometric z-scores, appropriate
body composition demonstrating normal lean mass (LM) ra-
ther than increased adiposity, and neurodevelopmental out-
comes within normal limits.

Materials and Methods

We prospectively followed a cohort of infants £1,250 g
BW who received an EHM diet while admitted to the NICU
at Texas Children’s Hospital (Houston, TX). Subjects were
initially recruited from the cohort that comprised Hair
et al.’s19 study on in-hospital growth. Recruitment was then
expanded to the next consecutively born infants £1,250 g BW
admitted to the study institution to increase the sample size
seen in follow-up to *50 subjects. Inclusion criteria were
premature infants (<37 weeks gestation) with a BW £1,250 g
who received an EHM diet in the NICU until *34 weeks
postmenstrual age (PMA). Exclusion criteria were failure to
achieve enteral feeds by 4 weeks of age, major congenital
anomalies, and clinically significant congenital heart disease.
MOM or DHM was fortified with a pasteurized DHM-based
fortifier (Prolact+H2MF�, Industry, CA) at an additional +4
kcal/oz once enteral feeding volume reached 60 mL/kg/d.
Feeds were advanced to +6 kcal/oz when volume reached
100 mL/kg/d. If weight gain did not average 15 g/kg/d within
a week after full enteral feedings were established, fortifi-
cation was advanced to +8 kcal/oz.

As per institution practices, infants in this study were
transitioned off the EHM diet at *34 weeks PMA. Upon
discharge, infants received HM complemented by 2–3 feed-
ings per day of a 22 kcal/oz enriched ready-to-feed for-
mula for a goal of 110–130 kcal/kg/d. If MOM was
unavailable after discharge, infants received 22 kcal/oz
enriched formula for all feeds. Infants received enriched
formula as an outpatient until deemed appropriate to transi-
tion to routine term 20 kcal/oz formula by their primary care
provider.

The Institutional Review Board of Baylor College of
Medicine and Affiliated Hospitals approved this study, and it
is registered at ClinicalTrials.gov (NCT01483079). Written
informed consent was obtained from parents before partici-
pation in the study.

Two outpatient study visits occurred at 12–15 months
corrected age (CA) (visit 1) and at 18–22 months CA (visit 2).
At visits 1 and 2, anthropometric measurements were re-
corded and parents gave an interim medical history and a
nutrition history of the infant since discharge. In addition,
visit 2 included body composition by dual-energy X-ray
absorptiometry (DXA) and neurodevelopmental evaluation.
Weight, length, and head circumference (HC) measure-
ments at birth and hospital discharge were assigned corre-
sponding z-scores based on Fenton growth curves,20 while
those at visits 1 and 2 were converted to z-scores for CA
based on World Health Organization 2006 growth refer-
ence.21 The study’s registered dietitian analyzed diet histo-
ries to determine typical nutrient intake at visits 1 and 2 using
Nutrition Data System for Research nutrient analysis soft-
ware (Minneapolis, MN).

Body composition was measured by DXA (Delphi A
model; Hologic, Bedford, MA; V12.1). This modality has
been widely studied in pediatrics and has demonstrated high
accuracy and precision.22 Measurements were obtained for
bone mineral content (BMC) and bone mass density (BMD),
body fat mass (FM), LM, and fat-free mass (FFM) using
infant mode scanning. Fat mass index (FMI) and lean mass
index were calculated as FM or LM in kilograms divided by
the square of height in meters (kg/m2).23 DXA data from a
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matched historical group of healthy term children were ob-
tained for comparison with the study subjects to evaluate and
compare body composition parameters. All children in this
group were at least 37 weeks GA at birth, and had been
involved in research protocols requiring healthy children.
Each subject in the preterm study cohort was matched with a
subject in the term group based on age, race, gender, weight,
and height at the time of body composition analysis. The
matching was carried out using the MatchIt package24 within
the R statistical software environment.25

The Bayley Scales of Infant and Toddler Development III
(BSID-III) was used to evaluate neurodevelopment and was
administered by the same certified tester for all subjects.26

BSID scores have been validated in many studies to deter-
mine rates of developmental delay in preterm infants.11,27

Comparisons were carried out through the two indepen-
dent samples t-test for continuous outcomes and Fisher’s
exact test for categorical outcomes. For body composition
outcomes, comparisons of the preterm cohort with matched
healthy term controls were made using paired t-tests. Neu-
rodevelopmental outcomes were compared with the de-
fined mean and standard deviation (SD) (100 – 15) of the
BSID-III26 through a one-sample t-test. We assessed the
relationship of inpatient growth and percentage of MOM
received with the visits 1 and 2 growth, body composition,
and neurodevelopmental outcomes using Pearson’s corre-
lation coefficient and linear regression analysis. SAS ver-
sion 9.4 (SAS Institute, Inc., Cary, NC) was used for data
analysis.

Results

Demographic data and baseline characteristics of the
subjects are presented in Table 1. Fifty-one infants (51/161,
32%) participated in visit 1, and 44 infants returned at visit 2,
34 of which were able to have body composition analysis
completed. Details on the flow of subjects from enrollment
through visit 2 are summarized in Supplementary Figure S1.
Gestational age at birth was 27.8 – 2.6 weeks and BW was
893 – 204 g. All infants received the EHM diet while inpa-
tient. Although our protocol was to wean off the EHM diet at
34 weeks PMA, the average age of transitioning from the
EHM diet to including cow milk fortifier or formula was
36.3 – 1.3 weeks. Infants averaged appropriate weight and
length gain velocities while inpatient with 21.2 – 3.5 g/day
and 1.0 – 0.2 cm/week from birth to discharge. HC velocity
was slightly slower than desired at 0.7 – 0.2 cm/week during
the same time period, although this is similar to historical HC
velocity. There was no difference in nutritional intake among
infants at visit 1 or visit 2.

A higher percentage of infants seen in follow-up were
receiving HM at NICU discharge than eligible infants that
were not evaluated in follow-up (55% versus 35% at visit 1,
57% versus 36% at visit 2, p = 0.026 and 0.020, respectively).
There were no other significant differences in baseline
characteristics between the cohort seen in follow-up and
those that were not (Supplementary Tables S1 and S2).

Growth outcomes at visits 1 and 2 are shown in Table 2.
Incidence of weight being less than 10th percentile increased
during NICU hospitalization from 22% of infants at birth
born small for gestational age to 54% of infants less than 10th
percentile at discharge. This improved to 35% of infants less

than 10th percentile at visit 1 and further improved to 30% of
subjects less than 10th percentile at visit 2.

Comparisons of z-scores for weight, length, and HC at
birth, discharge, visit 1, and visit 2 are shown in Figure 1.
Z-scores at discharge were lower ( p < 0.05) than those at
birth for all growth parameters. At 12–15 months CA, weight
z-scores remained lower ( p = 0.048) but length ( p = 0.217)
and HC ( p = 0.835) z-scores were minimally different from
birth. At 18–22 months CA, z-scores for weight ( p = 0.548),
length ( p = 0.707), and HC ( p = 0.358) were similar to birth
z-scores.

Measurements of body composition by DXA for the pre-
term cohort and matched term controls are shown in Table 3.
The study group and the term matched control group showed
no significant differences between any of the DXA mea-
surements, either while evaluating the entire cohort or when
evaluating males and females separately. In the preterm

Table 1. Baseline Characteristics

of Subjects (n = 51)

Gestational age at birth (weeks)a 27.8 – 2.6
Male, n (%) 30 (59)
Race, white/black/Hispanic/

other, n
15/18/14/4

Birth
Weight (g)a (z-score) 893 – 204 (-0.47 – 1.0)
Length (cm)a (z-score) 34.2 – 3.2 (-0.47 – 1.3)
HC (cm)a (z-score) 24.2 – 2.0 (-0.43 – 1.0)

Discharge
Weight (g)a (z-score) 2,753 – 871 (-1.5 – 1.2)
Length (cm)a (z-score) 46.2 – 3.9 (-1.8 – 1.4)
HC (cm)a (z-score) 33.0 – 2.4 (-1.2 – 1.1)

Growth rate, birth to discharge
Weight (g/day)a 21.2 – 3.5
Length (cm/week)a 1.0 – 0.2
HC (cm/week)a 0.7 – 0.2

Growth restriction (<10th percentile), n (%)
At birth 11 (22)
At discharge 28 (54)

Bronchopulmonary dysplasia, n (%)
Moderate/severe 19 (37)

Intraventricular hemorrhage, n (%)
Any 9 (18)
Grade 3/4 1 (2)

Late onset sepsis, n (%) 8 (16)
NEC, n (%)

Medical 0 (0)
Surgical 0 (0)

Spontaneous intestinal perforation,
n (%)

1 (2)

% feeds mother’s milk in NICUa 72.3 – 35.5
Calories at discharge [kcal/kg/d]a 122 – 12
Received HM feeds postdischarge,

n (%)
28 (55)

PMA at discharge (weeks)a 40.4 – 5.0
Length of stay (days)a 88 – 43

aMean – standard deviation.
Percentiles and z-scores based on Fenton 2013 growth curve.20

HC, head circumference; HM, human milk; NEC, necrotizing
enterocolitis; NICU, neonatal intensive care unit; PMA, post-
menstrual age.

306 BERGNER ET AL.



cohort, weight gain (g/day) from birth to discharge had
positive correlations with BMC (r = 0.44, p = 0.009), LM
(r = 0.39, p = 0.024), and FFM (r = 0.394, p = 0.021) at 18–22
months CA. For every 5 g/day increase in weight gain during
the NICU hospitalization, there is a 19.8 g predicted increase
in BMC at 18–22 months CA ( p = 0.009). Likewise, for
every 5 g/day increase in NICU growth, the predicted in-
crease in LM at 18–22 months CA is 0.4 kg ( p = 0.02). In-
creasing percent of MOM received was also correlated with
decreased FM (r = -0.376, p = 0.029), fat percentage
(r = -0.34, p = 0.046), and FMI (r = -0.39, p = 0.022). For
every 10% increase in MOM, there is an anticipated 0.08 kg
reduction in FM ( p = 0.029) at 18–22 months CA.

The composite mean BSID-III scores at 18–22 months
CA were as follows: cognitive (97.6 – 13.4), language
(84.7 – 14.0), and motor (93.1 – 10.7), (mean – SD). Eight
infants (18.2%) had BSID-III language composite scores
<70 (2 SDs below the mean), and two infants (4.5%) had
motor composite scores <70. None of the infants had cog-
nitive composite scores <70 (severe impairment), and six
subjects (13.6%) had composite scores <85 (mild/moderate
cognitive impairment). In comparison to the standard com-

posite mean of 100 defined by BSID-III,26 the composite
mean of the cohort were significantly different for language
( p < 0.001) and motor ( p = 0.001) but not cognitive scores
( p = 0.241). There were no significant correlations between
inpatient growth or postnatal growth and neurodevelop-
mental scores. Increasing amounts of MOM received during
the neonatal hospitalization had a near significant correlation
with improved language receptive raw scores (r = 0.298,
p = 0.052).

Discussion

This study is the first to concurrently evaluate long-term
growth, body composition, and neurodevelopmental out-
comes of preterm infants in the modern era of fortification
who received an entirely HM-based approach to nutrition
until *36 weeks PMA. We found that premature infants
receiving an EHM diet had appropriate postdischarge growth
based on a return to birth z-scores by 12–15 months CA for
length and HC and by 18–22 months CA for weight. Infants
had a similar percentage of body fat and LM compared with
matched term controls, with adequate bone mineralization,

Table 2. Growth Outcomes at Visit 1 (12–15 Months Corrected Age) and Visit 2 (18–22 Months Corrected

Age) for Premature Infants Who Received an Exclusive Human Milk-Based Diet

in the Neonatal Intensive Care Unit

Visit 1 (n = 51) Visit 2 (n = 44)

Corrected age (months) 14.0 – 1.0 19.4 – 1.3a

Weight (kg) (z-score) 9.1 – 1.4 (-0.7 – 1.3) 10.3 – 1.3 (-0.6 – 1.2)
Length (cm) (z-score) 75.4 – 3.6 (-0.8 – 1.4) 81.8 – 5.0 (-0.4 – 1.8)
HC (cm) (z-score) 45.6 – 1.7 (-0.4 – 1.2) 46.8 – 1.7 (-0.3 – 1.3)
Growth velocity

Weight (g/day) 14.78 – 3.37b 7.76 – 2.76c

Length (cm/week) 0.48 – 0.06b 0.27 – 0.14c

HC (cm/week) 0.21 – 0.04b 0.05 – 0.02c

Weight <10th percentile, n (%) 18 (35) 13 (30)

Z-scores and percentiles based on 2006 World Health Organization Growth Curves.21

aMean – standard deviation.
bChange in growth parameter from NICU discharge to visit 1.
cChange in growth parameter from visits 1 to 2.
HC, head circumference; NICU, neonatal intensive care unit.

FIG. 1. Comparison of z-scores between birth, discharge, visit 1 (12–15 months CA), and visit 2 (18–22 months CA) for
(A) weight, (B) length, and (C) head circumference. CA, corrected age.
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and no cognitive BSID-III scores <70 at 18–22 months CA.
Inpatient growth correlated with improved future anthropo-
metrics, LM, FFM, and BMC while increased MOM ex-
hibited a dose/response relationship to decreased FM.

Growth

A Cochrane review concluded that preterm infants who
were fed with formula had superior in-hospital growth
compared with those fed with DHM, but there were no dif-
ferences in long-term growth, and body composition was not
addressed.3 Only 4 of the 11 studies reviewed, however,
used fortified DHM. With an EHM diet, we found that in-
patient growth velocity positively correlated to weight,
length, and HC at 12–15 months CA and to weight and HC at
18–22 months CA, demonstrating appropriate long-term
growth postdischarge at about 2 years of age. Additionally,
our study demonstrates a 30% postnatal growth restriction
rate in comparison to 40% for extremely low BW (<1,000 g)
infants previously reported by Dusick et al.13 This compar-
ison, however, is limited by the standard of nutrition care at
that time before an era of EHM diet, which included cow
milk fortifiers and premature infant formula. More recently,
Henriksen et al. documented that among very low BW in-
fants receiving HM fortified with a cow milk-based HM
fortifier, 33% had growth restriction at birth, which in-
creased to *60% at discharge.28

Bone mineralization

Extremely premature infants are at high risk for osteopenia
of prematurity as they are born before peak in-utero bone
mineral accrual.29 Infants in our study had acceptable bone
mineralization at follow-up, as both BMC and BMD showed
no differences from a matched reference population of
healthy term children. Fewtrell et al.30 performed an analysis
of premature infants who received MOM and found that those
receiving >90% MOM had significantly higher whole-body
skeletal size and BMC at 20 years of age than those that
received <10% MOM. This evidence is supported by findings

that bone mass at 9–11 years is also positively related to
duration of lactation that preterm infants received.31

Body composition

Prior analyses of the body composition of preterm infants
have found increased and aberrant adiposity at term CA,
which represents a risk factor for future metabolic and
cardiovascular disease.32 In addition, there is evidence that
excessive catch-up growth may be associated with in-
creased risk of childhood obesity.33 In a long-term evalu-
ation of small-for-gestational-age infants, Ezzahir et al.34

showed that catch up growth most adversely affected adult
body mass index when it occurred later in life, hypothe-
sizing that weight gain when restricted to a normal period
of rapid adipose gain such as infancy may not be as dele-
terious to future metabolic outcomes. In our study, weight
gain (g/day) from birth to discharge was positively corre-
lated with increased LM and FFM, but not FM, at 18–22
months CA, demonstrating that infants were gaining ap-
propriate LM instead of adiposity. Our study’s finding of a
correlation to a more favorable future body composition
indicates potential promising impacts of early fortification
with an entirely HM-based approach to nutrition for pre-
term infants and further underlines the need to support
adequate in-hospital growth.

As the percentage of MOM our cohort received in the
hospital increased, FM, fat percentage, and FMI at 18–22
months CA decreased, displaying a possible protective effect
of HM against adiposity. Previously, MOM intake has been
associated with a reduction of adolescent and adult obesity
rates in former term infants35 and a decrease in rates of future
metabolic syndrome in the preterm population.2 These find-
ings support continued efforts to maximize MOM use within
the context of an EHM.

Neurodevelopmental outcomes

An important connection exists between appropriate
growth in terms of body composition and neurodevelopment.

Table 3. Body Composition at Visit 2 (18–22 Months Corrected Age) of Premature Infants

Who Received an Exclusive Human Milk-Based Diet in the Neonatal Intensive Care Unit Compared

with a Healthy Term Matched Reference Population

All Females Males

Study
subjects, n = 34

Matched
controls, n = 34

Study
subjects, n = 15

Matched
controls, n = 15

Study
subjects, n = 19

Matched
controls, n = 19

Age (years) 1.85 – 0.10a 1.83 – 0.20 1.86 – 0.11 1.85 – 0.20 1.84 – 0.10 1.82 – 0.20
Weight (kg) 10.4 – 1.3 10.8 – 1.5 10.1 – 1.4 10.3 – 1.8 10.7 – 1.1 11.1 – 1.1
Height (cm) 82.5 – 5.4 82.7 – 5.7 82.9 – 6.2 82.8 – 7.1 82.1 – 4.7 82.6 – 4.4
BMC (g) 282.4 – 36.0 284.3 – 53.5 275.6 – 38.1 272.5 – 55.0 287.7 – 34.3 293.6 – 51.8
BMD (g/cm2) 0.316 – 0.02 0.314 – 0.03 0.314 – 0.02 0.306 – 0.03 0.318 – 0.03 0.320 – 0.04
FM (kg) 2.16 – 0.80 2.40 – 0.78 2.03 – 0.88 2.35 – 0.68 2.26 – 0.73 2.44 – 0.86
FMI (kg/m2) 3.17 – 1.17 3.51 – 1.07 2.89 – 1.11 3.43 – 0.77 3.40 – 1.20 3.57 – 1.27
LM (kg) 8.34 – 0.82 8.61 – 1.07 8.03 – 0.79 8.18 – 1.17 8.58 – 0.78 8.95 – 0.87
LMI (kg/m2) 12.32 – 1.29 12.59 – 1.23 11.75 – 1.33 11.91 – 0.86 12.77 – 1.10 13.13 – 1.23
Fat% 19.60 – 5.38 21.06 – 4.96 18.97 – 5.94 21.62 – 3.70 20.08 – 5.01 20.62 – 5.84

p-Values >0.05 for all.
aMean – standard deviation.
BMC, bone mineral content; BMD, bone mass density; CA, corrected age; FM, fat mass; FMI, fat mass index; LM, lean mass; LMI, lean

mass index.
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Ramel et al.36 found that increased LM, but not fat mass,
during infant hospitalization was associated with improved
cognitive and motor scores at 12 months CA. Similar to body
composition abnormalities, preterm infants have a higher risk
of impaired neurodevelopmental outcomes than term in-
fants.37 Preterm infants fed MOM have been shown to have
improved neurodevelopmental outcomes,2 however DHM
has not been demonstrated to have an independent effect.38

At 18–22 months CA, all the infants in our study had
cognitive BSID-III scores >70. BSID-III means were con-
sistent with previous reports17,18 of the neurodevelopmental
outcomes of an EHM diet at 18 months CA. In relation to
other diets, Vohr et al.39 recently published a study of the
neurodevelopmental outcomes of <1,250 g BW infants born
within the same time frame as our cohort. Infants in that study
received MOM fortified with a powdered cow milk-derived
fortifier and did not receive DHM. Our cohort had compa-
rable cognitive (97.6 – 13.4 versus 90.2 – 14), language
(84.7 – 14 versus 87.3 – 17), and motor (93.1 – 10.7 versus
90.8 – 15) BSID-III composite scores to Vohr et al.’s39 data.
O’Connor et al.38 also recently published a randomized
control trial of infants of slightly higher BW (<1,500 g) ex-
amining the BSID-III scores at 18 months CA of preterm
infants who had been randomized to receive DHM (fortified
with a bovine-based fortifier) or preterm formula when MOM
was unavailable. Our EHM diet cohort also had BSID-III
composite mean scores comparable to O’Connor et al.’s38

DHM (cognitive 92.9, language 87.3, and motor 91.8) and
preterm formula (cognitive 94.5, language 90.3, motor 94.0)
groups. While exact comparisons to the literature are com-
plicated by differences in medical practices and comorbid-
ities, these results are promising and highlight the importance
for continued long-term studies of an EHM diet.

Limitations

This study is a small single-center pilot study with rela-
tively short-term follow-up. Given the small sample size,
there is limited statistical power to detect differences between
groups. Thus, the lack of body composition differences be-
tween the infants in this cohort and term matched controls
requires further investigation in larger studies powered for
this outcome. Utilizing the estimated difference in LM be-
tween the term matched controls and preterm infants seen in
follow-up in our study, future studies would need 225 par-
ticipants per group to achieve 80% statistical power to detect
a difference between term and preterm infants’ LM at the 5%
significance level.

In addition, the significant increase in percentage of
subjects who were receiving HM at NICU discharge indi-
cates a possible selection bias toward infants that received
more overall exposure to MOM in the follow-up cohort.
Given the positive associations between MOM and out-
comes demonstrated in this study, this difference may have
influenced results. As it is an observational study, con-
founding could also influence some of the associations re-
ported and, thus, provides a limitation in the ability to infer
causality among them.

Conclusions

This study is the first to provide a comprehensive report of
the long-term growth, body composition, and neurodeve-

lopmental outcomes of premature infants £1,250 g BW who
received an EHM diet in the NICU. In addition to catching up
on BW, length, and HC z-scores by 2 years of age, body
composition through DXA demonstrated that the increase in
body size was appropriate as reflected by LM and bone
density similar to matched term controls. There was no ex-
cessive increase in fat mass or adiposity, rather an appropriate
increase in bone density, LM, and fat mass was seen showing
overall optimal growth by 2 years.

Overall findings suggest that this cohort of infants who
received an EHM diet in the NICU are doing well at 2 years of
age. As this pilot study was limited by a small sample size,
further studies powered to detect differences in outcomes and
long-term comparisons to other diets are still needed. Cor-
relations with favorable outcomes continue to emphasize the
importance of preventing growth restriction and promoting
MOM in the preterm population. As we continue to optimize
nutritional practices in the NICU and investigate an entirely
HM-based approach for the diets of preterm infants, it is
important to follow the potential impact of these changes on
health and development long term.
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