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Abstract

Background/Objectives: Mother’s own milk (MOM) is widely recognized as the best
source of nutrition for premature infants, with donor human milk (DHM) as the next
recommended option. However, it remains controversial whether DHM confers the same
benefits as MOM. We aimed to compare growth and clinical outcomes in very-low-birth-
weight (VLBW) infants before and after the introduction of DHM in our Neonatal Intensive
Care Unit (NICU). Methods: This is a retrospective cohort of VLBW and/or very-low-birth-
weight infants born between January 2018 and June 2023. Infants were divided based on
birth date into Epoch-1 (pre-DHM, N = 98) and Epoch-2 (post-DHM, N = 138). Feeding
groups included exclusive MOM (N = 112), MOM + DHM (N = 71), and MOM + Formula
(N = 39). Baseline characteristics were compared between groups. The primary outcome
was weight gain; secondary outcomes included incidence of necrotizing enterocolitis
(NEC), time to full enteral feeding, and length of hospitalization. Multivariable regression
models were used to assess these outcomes while adjusting for relevant confounders.
Results: Infants in Epoch-2 were born at a significantly higher gestational age (29.3 vs.
28.2 weeks, p < 0.001) and had a higher median birth weight (1350 g vs. 1080 g, p < 0.001)
compared to Epoch-1. In this before-and-after cohort, the post-DHM implementation epoch
was not independently associated with differences in growth or complication rates after
adjustment. Time to reach full enteral feeding was significantly shorter in the post-DHM
epoch (B = −0.255, p < 0.001). Conclusions: DHM had no independent effect on growth
or complication rates but was associated with earlier achievement of full enteral feeding.
Further studies are needed to evaluate its contribution to neonatal clinical outcomes.

Keywords: donor human milk; mother’s own milk; extremely low birth weight; enteral
feeding; parenteral nutrition; necrotizing enterocolitis

1. Introduction
Premature birth, occurring before 37 weeks of gestation, is a leading cause of neonatal

and infant morbidity and mortality [1,2]. Preterm infants are at a significant risk of compli-
cations, with serious long-term consequences, particularly for those born very preterm or
VLBW [1]. Compared to full-term newborns, preterm infants have fewer energy reserves at
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birth and are more vulnerable to stressors such as respiratory distress or infection, which
further increase metabolic demands [3]. Early nutritional support, aimed at meeting the
increased nutritional requirements of preterm infants and supporting appropriate postnatal
growth and nutrient accretion, is a critical determinant of outcomes [1,3,4]. Expert and
guideline groups consistently recommend MOM as the primary source of nutrition for
premature infants [1,5,6]. DHM is an additional feeding option when there is insufficient
breast milk or the mother is unable to breastfeed [1,5]. These recommendations are based
on the well-established benefits of human milk (HM) [7–9], including protection against
infection and NEC [10–12], a severe gastrointestinal disease, primarily affecting preterm
infants [10,13], and associated with longer hospitalization [14]. These protective effects ap-
pear dose-dependent and are attributed collectively to the interaction of multiple bioactive
components rather than any single nutrient [11]. HM has also been associated with shorter
NICU stays, development of a healthy neonatal gut microbiome, and favorable brain,
visual, and cognitive development. These associations are likely related to the combined
effects of multiple nutritional and bioactive components of human milk, including essential
fatty acids and their precursors to long-chain polyunsaturated fatty acids (LC-PUFAs) [15].
DHM serves as an alternative when MOM is unavailable, but given its limited availability,
DHM is typically reserved for the smallest and sickest infants [16]. To facilitate the process
between donors and recipients, human milk banks are expanding worldwide [17,18]. How-
ever, clinical evidence remains limited [17], and practices and regulatory frameworks vary
substantially [16,18].

Here, we report our experience from a large medical center NICU following the
establishment of a human milk bank and the introduction of DHM into the feeding protocol
in August 2020. We aimed to evaluate growth and gastrointestinal outcomes among
VLBW and very preterm infants before and after the introduction of DHM as part of the
feeding regimen.

2. Materials and Methods
2.1. Study Design and Participants

This retrospective study represents a secondary analysis of a previously described VLBW
and/or very-low-birth-weight cohort (<1500 g birth weight or gestational age < 32 weeks) [19]
managed according to the unit’s DHM policy. The study included preterm infants admitted
to our NICU between 1 January 2018 and 30 June 2023, with birth weight (BW) below 1500 g
or at gestational age (GA) below 32 weeks. Infants were classified into two epochs based
on the timing of DHM introduction into the feeding protocol. DHM in the national bank
undergoes Holder pasteurization and freezing. Epoch-1 preceded DHM availability (prior
to August 2020), during which infants received MOM, formula, or MOM supplemented
with formula. Epoch-2 followed DHM introduction (from August 2020 onward), during
which infants received MOM or MOM supplemented with DHM. The criteria for enteral
feeding advancement, fortification, and withholding of feeds remained unchanged during
the study period. Nevertheless, the availability of DHM provided clinicians with an
additional human milk option. In clinical practice, attending physicians reported greater
comfort with initiating and advancing enteral feeding when MOM was unavailable because
DHM was available as an alternative to formula. Infants were excluded if they had
chromosomal abnormalities, died during hospitalization, or received feeding regimens
outside the defined protocol. The study was performed in line with the principles of the
Declaration of Helsinki. Approval was granted by the “Helsinki Committee” (0172-22-TLV,
8 April 2022).
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2.2. Data Collection

Maternal and neonatal data were extracted from medical records, including character-
istics, complications, and interventions. NEC was defined as Bell’s stage II or higher, and
feeding intolerance was defined as gastric residual volume ≥20% of the preceding feed.
Other clinical findings, including abdominal distension, emesis, or bloody stools, were
not required for classification because they were not consistently recorded as components
of this variable, and full enteral feeding was defined as enteral intake ≥140 mL/kg/day.
Intraventricular hemorrhage (IVH) was graded according to the Papile classification and
defined as present if grade ≥ 1. Retinopathy of prematurity (ROP) was classified according
to the ICROP criteria. Small for gestational age (SGA) status was classified according to
Dollberg’s chart. Significant respiratory support included mechanical ventilation and/or
nasal cannula support.

2.3. Study Outcomes

The primary outcome was weight gain over the first 28 days as the primary outcome,
assessed at predefined time points, expressed as the percentage increase from birth weight
(BW). Secondary outcomes included the incidence of NEC, time to reach full enteral feeding,
and length of hospitalization across the two epochs.

2.4. Statistical Analysis

Categorical variables were summarized as frequencies and percentages. Continu-
ous variables were assessed for normality using the Shapiro–Wilk test and reported as
means ± standard deviations or medians with interquartile ranges, as appropriate. Com-
parisons of continuous variables between groups were performed using Mann–Whitney U,
Kruskal–Wallis, or one-way ANOVA tests. Post hoc analyses were conducted with Bonfer-
roni correction for multiple comparisons, and adjusted p-values are reported, as appropriate.
Categorical variables were compared using Chi-square or Fisher’s exact tests. Boxplots
were used to visually represent the distribution of continuous variables. Because day 14
was the only timepoint at which a significant epoch difference was observed, a multi-
ple linear regression model was fitted for weight gain at this timepoint. The model was
adjusted for GA, BW, gender, feeding intolerance, epoch, and timing of enteral feeding
initiation. Additionally, multiple linear regression analyses were performed to evaluate
time to achieve full enteral feeding and length of hospital stay. The model for time to
achieve full enteral feeding was adjusted for GA, BW, gender, feeding intolerance, NEC,
epoch, and timing of enteral feeding initiation. The model for length of hospital stay
was adjusted for GA, BW, NEC, BPD, and epoch. A logistic regression model was used
for the categorical outcome of NEC (Supplemental Tables S1–S4) The regression models
were conducted as exploratory analyses to identify associations, as the retrospective de-
sign precludes establishing temporality. All analyses included the complete final study
cohort. All analyses were performed using IBM SPSS Statistics for Windows, version 29. A
p-value < 0.05 was considered statistically significant.

3. Results
3.1. Study Population

Of 326 neonates born between 2018 and 2023, 236 met all inclusion criteria and were
included in the final analysis: 98 in Epoch-1 and 138 in Epoch-2, 69 babies were excluded
because they did not receive MOM, MOM+DHM, or MOM+Formula (Figure 1). In Epoch-2,
they had a mixed regimen including formula with DHM and MOM all 3 together. The 21
who died were excluded as stated in the exclusion criteria; we did not fear survivor bias
because 10 were in Epoch-1 and 11 were in Epoch-2.
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Figure 1. Flowchart of study cohort.

3.2. Demographic and Feeding Characteristics

Comparison of baseline characteristics revealed that infants in Epoch-2 were born
at a significantly higher GA (29.3 vs. 28.2 weeks, p < 0.001) and had a higher median
BW (1350 g vs. 1080 g, p < 0.001) compared to Epoch-1. Mode of delivery also differed
significantly between epochs (p = 0.010), with higher vaginal delivery rates in Epoch-2.
Antenatal corticosteroid use was significantly higher in Epoch-2 (80.4% vs. 65.3%, p = 0.009).
In Epoch-1, the majority, 69 infants (70.4%), received exclusive MOM, while 14 (14.3%)
received exclusive formula and 15 (15.3%) received a combination of MOM and formula. In
Epoch-2, the majority, 71 infants (51.4%), received a combination of MOM and DHM, while
43 (31.2%) received exclusive MOM, and 24 (17.4%) received a combination of MOM and
formula. Maternal demographics and neonatal characteristics are summarized in Table 1.

Table 1. Neonatal and maternal characteristics.

Variables Epoch-1
(n = 98)

Epoch-2
(n = 138) p-Value

GA, weeks 28.2 (±1.8) 29.3 (±2.5) <0.001

Delivery mode

0.010
Vaginal delivery 24 (24.4) 54 (39.1)

Emergency CS 74 (75.5) 80 (57.9)

Elective CS 0 (0) 4 (2.8)

Twins 24 (24.4) 43 (31.1) 0.263

Gender Female 55 (56.1) 79 (57.2) 0.864

IUGR 19 (19.3) 17 (12.3) 0.143

IDM 6 (6.1) 19 (13.7) 0.060

Antenatal corticosteroid
treatment 64 (65.3) 111 (80.4) 0.009
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Table 1. Cont.

Variables Epoch-1
(n = 98)

Epoch-2
(n = 138) p-Value

Pre-eclampsia 15 (15.3) 11 (7.9) 0.080

Birth weight, grams 1080 (872.5, 1350) 1350 (990, 1498.8) <0.001

Small for gestational age 23 (23.5) 20 (14.5) 0.078

Nutrition

<0.001

MOM 69 (70.4) 43 (31.1)

Formula 14 (14.2) 0 (0)

MOM+Formula 15 (15.3) 24 (17.3)

MOM+DHM 0 (0) 71 (51.4)
Categorical variables are presented as frequencies (percentages). Continuous variables are presented
as median (IQR) or mean (SD). Abbreviations: GA gestational age, CS Cesarean section, IUGR
Intrauterine growth restriction, IDM Infants of diabetic mothers, MOM Mother’s own milk, DHM
donor human milk. In bold are significant p-values.

3.3. Clinical Outcomes and Growth-Related Parameters

Rates of significant respiratory support (78.9% vs. 96.9%), surfactant administration
(35.5% vs. 58.1%), and RDS (75.3% vs. 93.8%) were significantly lower in Epoch-2 compared
to Epoch-1 (p < 0.001 for all). Similarly, BPD (41.3% vs. 56.1%, p = 0.025) and feeding
intolerance (22.4% vs. 34.6%, p = 0.038) were significantly lower in Epoch-2. No signifi-
cant differences were observed between epochs in the rates of NEC, SIP, BSI, PVL, IVH,
hypoglycemia, or ROP.

Enteral feeding was initiated significantly earlier in Epoch-2 (1.5 vs. 2.3 days,
p < 0.001). Percentage weight change at day 14 was significantly higher in Epoch-2 (9% vs.
4.9%, p = 0.019), while percentage weight change at days 7 and 28 did not differ significantly
between epochs. Infants in Epoch-2 achieved full enteral feeding earlier (12.8 vs. 26.8 days,
p < 0.001), required shorter TPN duration (9 vs. 20 days, p < 0.001), and had shorter length
of hospitalization (58.7 vs. 72.8 days, p < 0.001). Clinical outcomes and growth-related
parameters are presented in Table 2.

Table 2. Clinical outcomes and growth-related parameters.

Variable Epoch-1 Epoch-2 p-Value

(n = 98) (n = 138)
Significant respiratory support 95 (96.9) 109 (78.9) <0.001

Surfactant 57 (58.1) 49 (35.5) <0.001
Phototherapy 72 (73.4) 111 (80.4) 0.206

Neonatal complications:
NEC 18 (18.3) 14 (10.1) 0.069
SIP 2 (2) 4 (2.8) 1

Feeding intolerance 34 (34.6) 31 (22.4) 0.038
BSI 24 (24.4) 23 (16.6) 0.146
PVL 2 (2) 5 (3.6) 0.703
IVH 33 (33.6) 42 (30.4) 0.599

Hypoglycemia 16 (16.3) 34 (24.6) 0.124
RDS 92 (93.8) 104 (75.3) <0.001
BPD 55 (56.1) 57 (41.3) 0.025
ROP 6 (6.1) 11 (7.9) 0.588
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Table 2. Cont.

Variable Epoch-1 Epoch-2 p-Value

Growth-related parameters
Initiation of enteral feeding (days) 2.3 (±0.9) 1.5 (±0.6) <0.001

Weight change at day 7 (%) −4.6 (−9.1, 0.1) −2.8 (−6.9, 1.5) 0.12
Weight change at day 14 (%) 4.9 (−0.7, 13.1) 9 (3.3, 13.6) 0.019
Weight change at day 28 (%) 34.8 (22.9, 43.5) 37.6 (24.6, 45.7) 0.356

Time to reach BW (days) 10.5 (±4.8) 9.5 (±4.5) 0.126
Time to full enteral feeding (days) 26.8 (±19.4) 12.8 (±13.6) <0.001

Duration of TPN (days) 20 (10.5, 30) 9 (6, 14) <0.001
Length of hospitalization (days) 72.8 (±39.3) 58.7 (±35.8) <0.001

Categorical variables are presented as frequencies (percentages). Continuous variables are pre-
sented as median (IQR) or mean (standard deviation). Abbreviations: NEC Necrotizing enterocolitis,
SIP Spontaneous intestinal perforation, BSI Neonatal bloodstream infections, PVL Periventricular
leukomalacia, IVH Intraventricular hemorrhage, RDS Respiratory distress syndrome, BPD Bron-
chopulmonary dysplasia, ROP Retinopathy of prematurity, BW Birth weight, TPN Total parenteral
nutrition. In bold are significant p-values.

3.4. Multivariable Analysis of Growth and Clinical Outcomes
3.4.1. Weight Gain at Day 14

At day 14, GA (B = 0.566, p < 0.001), female gender (B = 0.123, p = 0.042), and earlier
initiation of enteral feeding (B = 0.144, p = 0.035) were significantly associated with weight
gain, while BW (B = −0.379, p < 0.001) was negatively associated. Notably, no significant
epoch effect was observed for weight gain at day 14. The model explained 16.0% of the
variance in weight change at day 14 (Adjusted R2 = 0.160).

3.4.2. Length of Hospitalization

NEC (B = 0.114, p = 0.006) and BPD (B = 0.147, p = 0.008) were significantly associated
with hospitalization, whereas GA (B = −0.521, p < 0.001) and BW (B = −0.211, p < 0.001)
were negatively associated. No significant epoch effect was observed for length of hospital-
ization. The model explained 64.5% of the variance in length of hospitalization (Adjusted
R2 = 0.645).

3.4.3. Time to Reach Full Enteral Feeding

Epoch was significantly and negatively associated with time to full enteral feeding
(B = −0.255, p < 0.001), indicating earlier time to full enteral feeding in Epoch-2 compared
to Epoch-1. Feeding intolerance (B = 0.155, p = 0.006) and NEC (B = 0.230, p < 0.001) were
significantly associated with time to full enteral feeding, indicating a prolonged time to
full enteral feeding. The model explained 33.5% of the variance in time to reach full enteral
feeding (Adjusted R2 = 0.335).

3.5. Incidence of NEC

Duration of TPN (OR = 1.123, p < 0.001), feeding intolerance (OR = 3.993, p = 0.010),
and GA (OR = 1.390, p = 0.038) were significantly positively associated with NEC, whereas
epoch, gender, SGA status, and initiation of enteral feeding were not significantly associated.
The model explained 51.7% of the variance in NEC occurrence (Nagelkerke R2 = 0.517).

4. Discussion
This study evaluated growth and gastrointestinal outcomes in VLBW and very preterm

infants, before and after the introduction of DHM supplementation during their stay in the
NICU. Overall, weight gain did not differ significantly between epochs; an initial difference
observed at day 14 was no longer significant after adjustment. Length of hospitalization
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and NEC incidence were also comparable between epochs. However, time to reach full
enteral feeding was significantly shorter in the post-DHM epoch.

Growth patterns of preterm infants are not entirely understood [20]. Early weight fluc-
tuations are typical, primarily resulting from changes in fluid balance [21]. Once nutritional
tolerance is established, extremely preterm infants often show accelerated growth and gen-
erally achieve catch-up growth by 3 years corrected age [20,21]. The literature suggests that
DHM is associated with lower short-term weight gain compared with formula [8,22–24].
In our cohort, however, weight gain did not differ significantly before and after DHM
introduction. Although differences in study design, outcome measures, and time point limit
direct comparison, this is broadly consistent with a recent multicenter randomized trial in
extremely preterm infants, which found no evidence of inferiority of DHM compared with
formula with respect to growth at 2 years corrected age [25]. Regardless of feeding source,
preterm infant growth is strongly dependent on adequate protein intake [26,27]. Protein
concentration is naturally high in preterm milk but, since preterm MOM is produced in
lower volumes, the protein supply might be insufficient and often requires supplementa-
tion [11]. Protein content in DHM is inherently heterogeneous, reflecting differences among
donors in gestational age, lactation stage, and maternal diet [17,28]. Unlike MOM, which
adapts dynamically to the infant’s evolving needs, DHM is often sourced from term donors
at later stages of lactation, when protein content is naturally lower [17,29]. DHM processing
further affects composition and bioactivity [8]. Processing stages include pasteurization to
inactivate bacteria and viruses, fat homogenization to disperse lipid droplets, and freezing
and thawing [30]. For example, fat absorption is reduced due to loss of lipase activity
and changes in fat globule structure [8]. DHM heterogeneity may also compromise the
protective role of HM against NEC. In general, HM is associated with a lower risk of NEC
compared to formula, an effect attributed to the presence of protective components in
MOM rather than harmful components in formula [31]. However, it remains controversial
whether DHM confers the same protection [10]. Immune cells and other bioactive com-
ponents in MOM likely contribute to protection against NEC and other morbidities. As
these components are inactivated during DHM processing and largely absent from formula,
their protective effect may be reduced or lost [29]. Additionally, unlike direct breastfeeding,
DHM, formula, and expressed MOM lack the bidirectional suckling feedback loop, which
may further limit immune adaptation and reduce immune cell activity [29]. Fatty acids
represent another important nutritional element. Essential fatty acids, obtained solely
from the diet, contribute to immune system function, alongside their role in neurological
development. However, LC-PUFA concentrations in MOM decline over the course of
lactation. Pasteurization appears to preserve fatty acid profiles, but freezing may reduce
fat content. As with protein, these donor- and processing-related factors may affect fatty
acid concentrations in DHM. Formula manufacturers have attempted to replicate MOM
fatty acid profile using vegetable fat blends, but structural differences persist, and opti-
mizing formula fat composition remains an active area of research [29]. While previous
studies have found lower rates of NEC with DHM, albeit with slower growth [22,30,32,33],
NEC rates did not differ significantly between epochs in our cohort, possibly reflecting a
reduced protective effect related to processing and donor factors. We also found feeding
intolerance and TPN duration positively associated with NEC. This is consistent with the
literature suggesting an association between prolonged reliance on parenteral nutrition,
limited enteral stimulation, and NEC risk, potentially involving mucosal atrophy and
dysbiosis [34,35]. Unexpectedly, GA was also positively associated with NEC, contrary
to the well-established inverse relationship typically reported in the literature [13]. This
counterintuitive finding remains unexplained and should therefore be interpreted with
caution. It may reflect specific cohort characteristics and warrants further investigation.
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NEC and BPD were positively associated with hospitalization, while GA and birth weight
were negatively associated. Evidence suggests a bidirectional relationship in which neona-
tal morbidities impair adequate nutritional delivery, resulting in suboptimal growth, which
may in turn delay recovery and prolong hospitalization [21]. Feeding intolerance was
positively associated with time to full enteral feeding, consistent with evidence that faster
advancement of enteral feeding reduces time to full enteral feeding [6]. Moreover, infants
in the post-DHM epoch also achieved full enteral feeding significantly earlier, potentially
implying a mechanism whereby DHM improves feeding tolerance, leading to a shorter time
to full enteral feeding. Although we did not directly test whether DHM was an independent
predictor of feeding intolerance in our cohort, this mechanism is supported by previous
evidence showing that DHM reduces feeding intolerance [30,36]. Future randomized trials
are needed to establish causality and investigate potential mediating factors.

These findings contribute to the ongoing debate regarding DHM implementation in
clinical practice. This is further illustrated by a recent national survey of U.S. NICUs, which
found that although DHM is used by most facilities, substantial variation in feeding prac-
tices persists, with no consensus on optimal strategies for extremely preterm infants [37].

Strengths and Limitations

Strengths of this study include a well-defined cohort of VLBW or very preterm infants
and the clear division into two study epochs, based on a distinct clinical policy change
(introduction of milk bank). The inclusion of both unadjusted comparisons and multivariate
regression models enhances the robustness of the findings and helps isolate the contribution
of individual predictors. However, several limitations should be acknowledged. As
a retrospective study, incomplete or inconsistent documentation may have introduced
information bias. The selection of day 14 for multivariable analysis was data-driven,
as this was the only timepoint showing a significant epoch difference in the univariate
analysis, and should therefore be interpreted with caution. A longitudinal mixed-effects
model incorporating all timepoints simultaneously may have provided a more appropriate
approach. Selection bias is a potential concern, as infants were not randomly allocated to
groups. Epoch-1 included infants with lower BW, potentially indicating a higher baseline
risk for complications. Despite this, no significant difference in NEC incidence was observed
between the two study epochs. Given the observational design and differences in feeding
exposure and baseline characteristics, these findings should not be interpreted as evidence
of equivalence between formula and DHM. Although the sample included over 200 infants,
the power to detect small differences in rare outcomes such as NEC remained limited [22].
Larger, prospective studies may be required to evaluate the effect of DHM more definitively
on these complications. Residual confounding: Despite the use of multivariate models,
unmeasured factors such as staff experience, parental involvement, or nutritional practices
(e.g., use of fortifiers) may have influenced outcomes.

5. Conclusions
The introduction of donor human milk in our NICU did not independently affect

growth or complication rates. Observed differences between epochs were mainly related
to infant maturity and clinical severity rather than DHM itself. DHM appears to be an
alternative to formula, but further studies are needed to evaluate its long-term effects and
to define its specific contribution to neonatal outcomes compared to formula.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/nu18203338/s1, Table S1: Predictors in the variability of neonatal
percentage of weight change from BW at day 14; Table S2: Predictors in the variability of Length of
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hospitalization; Table S3: Predictors in the variability of day of reaching full enteral feeding; Table S4:
Logistic regression analysis for predictors of NEC.
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The following abbreviations are used in this manuscript:

VLBW Very low birth weight
BPD Bronchopulmonary dysplasia
BSI Bloodstream infections
BW Birth weight
CS Cesarean section
DHM Donor human milk
GA Gestational age
HM Human milk
ICROP International classification of ROP
IDM Infants of diabetic mothers
IQR Interquartile ranges
IUGR Intrauterine growth restriction
IVH Intraventricular hemorrhage
LC-PUFA Long-chain polyunsaturated fatty acids
MOM Mother’s own milk
NEC Necrotizing enterocolitis
PVL Periventricular leukomalacia
RDS Respiratory distress syndrome
ROP Retinopathy of prematurity
SD Standard deviation
SGA Small for gestational age
SIP Spontaneous intestinal perforation
TPN Total parenteral nutrition

References
1. Bala, F.E.; McGrattan, K.E.; Valentine, C.J.; Jadcherla, S.R. A Narrative Review of Strategies to Optimize Nutrition, Feeding, and

Growth among Preterm-Born Infants: Implications for Practice. Adv. Nutr. 2024, 15, 100305. [CrossRef] [PubMed]
2. McClintock, T.; Fiddes, C.; Harris, S.; Embleton, N.; Lin, L.; Bloomfield, F.H.; Muelbert, M. Donor Human Milk versus Infant

Formula for Low-Risk Infants: A Systematic Review. Pediatr. Res. 2025, 97, 81–91. [CrossRef] [PubMed]
3. McGuire, W.; Henderson, G.; Fowlie, P.W. Feeding the Preterm Infant. BMJ 2004, 329, 1227–1230. [CrossRef] [PubMed]
4. Hay, W.W. Strategies for Feeding the Preterm Infant. Neonatology 2008, 94, 245–254. [CrossRef] [PubMed]

https://doi.org/10.3390/nu18203338

https://doi.org/10.1016/j.advnut.2024.100305
https://www.ncbi.nlm.nih.gov/pubmed/39313071
https://doi.org/10.1038/s41390-024-03309-x
https://www.ncbi.nlm.nih.gov/pubmed/38844541
https://doi.org/10.1136/bmj.329.7476.1227
https://www.ncbi.nlm.nih.gov/pubmed/15550428
https://doi.org/10.1159/000151643
https://www.ncbi.nlm.nih.gov/pubmed/18836284
https://doi.org/10.3390/nu18203338


Nutrients 2026, 18, 3338 10 of 11

5. Meek, J.Y.; Noble, L.; Section on Breastfeeding. Policy Statement: Breastfeeding and the Use of Human Milk. Pediatrics 2022, 150,
e2022057988. [CrossRef] [PubMed]

6. Embleton, N.D.; Jennifer Moltu, S.; Lapillonne, A.; Van Den Akker, C.H.P.; Carnielli, V.; Fusch, C.; Gerasimidis, K.; Van Goudoever,
J.B.; Haiden, N.; Iacobelli, S.; et al. Enteral Nutrition in Preterm Infants (2022): A Position Paper from the ESPGHAN Committee
on Nutrition and Invited Experts. J. Pediatr. Gastroenterol. Nutr. 2023, 76, 248–268. [CrossRef] [PubMed]

7. Section on Breastfeeding; Eidelman, A.I.; Schanler, R.J.; Johnston, M.; Landers, S.; Noble, L.; Szucs, K.; Viehmann, L. Breastfeeding
and the Use of Human Milk. Pediatrics 2012, 129, e827–e841. [CrossRef] [PubMed]

8. ESPGHAN Committee on Nutrition; Sertac, A.; Corpeleijn, W.; Braegger, C.; Campoy, C.; Colomb, V.; Decsi, T.; Domellöf, M.;
Fewtrell, M.; Hojsak, I.; et al. Donor Human Milk for Preterm Infants: Current Evidence and Research Directions. J. Pediatr.
Gastroenterol. Nutr. 2013, 57, 535–542. [CrossRef] [PubMed]

9. Tudehope, D.I.; Page, D.; Gilroy, M. Infant Formulas for Preterm Infants: In-Hospital and Post-Discharge. J. Paediatr. Child Health
2012, 48, 768–776. [CrossRef] [PubMed]

10. Neu, J. Necrotizing Enterocolitis. World Rev. Nutr. Diet. 2014, 110, 253–263. [CrossRef] [PubMed]
11. Ziegler, E.E. Human Milk and Human Milk Fortifiers. World Rev. Nutr. Diet. 2014, 110, 215–227. [CrossRef] [PubMed]
12. Miller, J.; Tonkin, E.; Damarell, R.A.; McPhee, A.J.; Suganuma, M.; Suganuma, H.; Middleton, P.F.; Makrides, M.; Collins, C.T. A

Systematic Review and Meta-Analysis of Human Milk Feeding and Morbidity in Very Low Birth Weight Infants. Nutrients 2018,
10, 707. [CrossRef] [PubMed]

13. Rose, A.T.; Patel, R.M. A Critical Analysis of Risk Factors for Necrotizing Enterocolitis. Semin. Fetal. Neonatal Med. 2018, 23,
374–379. [CrossRef] [PubMed]

14. Bisquera, J.A.; Cooper, T.R.; Berseth, C.L. Impact of Necrotizing Enterocolitis on Length of Stay and Hospital Charges in Very
Low Birth Weight Infants. Pediatrics 2002, 109, 423–428. [CrossRef] [PubMed]

15. Lechner, B.E.; Vohr, B.R. Neurodevelopmental Outcomes of Preterm Infants Fed Human Milk: A Systematic Review. Clin.
Perinatol. 2017, 44, 69–83. [CrossRef] [PubMed]

16. Israel-Ballard, K.; LaRose, E.; Mansen, K. The Global Status of Human Milk Banking. Matern. Child Nutr. 2024, 20, e13592.
[CrossRef] [PubMed]

17. Klotz, D.; Bzikowska-Jura, A.; Giribaldi, M.; Babiszewska-Aksamit, M.; Cassidy, T.; Cavallarin, L.; Gandino, S.; Karcz, K.; Peila, C.;
Smith, C.; et al. A Systematic Review on the Impact of Donor Characteristics and Donor Milk Handling on Infant Health and
Growth. Adv. Nutr. 2026, 17, 100609. [CrossRef] [PubMed]

18. Tyebally Fang, M.; Chatzixiros, E.; Grummer-Strawn, L.; Engmann, C.; Israel-Ballard, K.; Mansen, K.; O’Connor, D.L.; Unger, S.;
Herson, M.; Weaver, G.; et al. Developing Global Guidance on Human Milk Banking. Bull. World Health Organ. 2021, 99, 892–900.
[CrossRef] [PubMed]

19. Herzlich, J.; Frumer, B.; Mandel, D.; Morag, S.; Halperin, A.; Mangel, L. Effects of Donor Human Milk and Formula Supplemen-
tation on Bone Metabolism and Clinical Outcomes in Preterm Infants Receiving Mother’s Own Milk. Nutrients 2025, 17, 3263.
[CrossRef] [PubMed]

20. Fenton, T.R.; Samycia, L.; Elmrayed, S.; Nasser, R.; Alshaikh, B. Growth Patterns by Birth Size of Preterm Children Born at 24–29
Gestational Weeks for the First 3 Years. Paediatr. Perinat. Epidemiol. 2024, 38, 560–569. [CrossRef] [PubMed]

21. Fenton, T.R.; Merlino Barr, S.; Elmrayed, S.; Alshaikh, B. Expected and Desirable Preterm and Small Infant Growth Patterns. Adv.
Nutr. 2024, 15, 100220. [CrossRef] [PubMed]

22. Quigley, M.; Embleton, N.D.; McGuire, W. Formula versus Donor Breast Milk for Feeding Preterm or Low Birth Weight Infants.
Cochrane Database Syst. Rev. 2019, 7, CD002971. [CrossRef] [PubMed]

23. Quigley, M.; Henderson, G.; Anthony, M.Y.; McGuire, W. Formula Milk versus Donor Breast Milk for Feeding Preterm or Low
Birth Weight Infants. Cochrane Database Syst. Rev. 2007, 4, CD002971. [CrossRef] [PubMed]

24. Quigley, M.; Embleton, N.D.; McGuire, W. Formula versus Donor Breast Milk for Feeding Preterm or Low Birth Weight Infants.
Cochrane Database Syst. Rev. 2018, 20, CD002971. [CrossRef] [PubMed]

25. Brumbaugh, J.E.; McDonald, S.A.; Robinson, D.T.; Gentle, S.J.; Salas, A.A.; DeMauro, S.B.; McNelis, K.M.; Poindexter, B.B.;
Roghair, R.D.; Colaizy, T.T. Growth at 2 Years in Children Born Preterm: Donor Milk versus Preterm Formula. Pediatr. Res. 2026,
100, 800–809. [CrossRef] [PubMed]

26. Lin, Y.-H.; Hsu, Y.-C.; Lin, M.-C.; Chen, C.-H.; Wang, T.-M. The Association of Macronutrients in Human Milk with the Growth of
Preterm Infants. PLoS ONE 2020, 15, e0230800. [CrossRef] [PubMed]

27. Sanchez-Holgado, M.; Johnson, M.J.; Witte Castro, A.; Criado Camargo, S.; van den Akker, C.H.P.; Alvarez-García, P.; Cabrera-
Lafuente, M.; Jiménez Varas, M.Á.; Saenz de Pipaon, M. Systematic Review and Meta-Analysis of Enteral Protein Intake Effects
on Growth in Preterm Infants. Pediatr. Res. 2025, 98, 1696–1710. [CrossRef] [PubMed]

28. Perrin, M.T.; Belfort, M.B.; Hagadorn, J.I.; McGrath, J.M.; Taylor, S.N.; Tosi, L.M.; Brownell, E.A. The Nutritional Composition and
Energy Content of Donor Human Milk: A Systematic Review. Adv. Nutr. 2020, 11, 960–970. [CrossRef] [PubMed]

https://doi.org/10.3390/nu18203338

https://doi.org/10.1542/peds.2022-057988
https://www.ncbi.nlm.nih.gov/pubmed/35921640
https://doi.org/10.1097/MPG.0000000000003642
https://www.ncbi.nlm.nih.gov/pubmed/36705703
https://doi.org/10.1542/peds.2011-3552
https://www.ncbi.nlm.nih.gov/pubmed/22371471
https://doi.org/10.1097/MPG.0b013e3182a3af0a
https://www.ncbi.nlm.nih.gov/pubmed/24084373
https://doi.org/10.1111/j.1440-1754.2012.02533.x
https://www.ncbi.nlm.nih.gov/pubmed/22970671
https://doi.org/10.1159/000358474
https://www.ncbi.nlm.nih.gov/pubmed/24751635
https://doi.org/10.1159/000358470
https://www.ncbi.nlm.nih.gov/pubmed/24751632
https://doi.org/10.3390/nu10060707
https://www.ncbi.nlm.nih.gov/pubmed/29857555
https://doi.org/10.1016/j.siny.2018.07.005
https://www.ncbi.nlm.nih.gov/pubmed/30115546
https://doi.org/10.1542/peds.109.3.423
https://www.ncbi.nlm.nih.gov/pubmed/11875136
https://doi.org/10.1016/j.clp.2016.11.004
https://www.ncbi.nlm.nih.gov/pubmed/28159210
https://doi.org/10.1111/mcn.13592
https://www.ncbi.nlm.nih.gov/pubmed/38318679
https://doi.org/10.1016/j.advnut.2026.100609
https://www.ncbi.nlm.nih.gov/pubmed/41722695
https://doi.org/10.2471/BLT.21.286943
https://www.ncbi.nlm.nih.gov/pubmed/34866685
https://doi.org/10.3390/nu17203263
https://www.ncbi.nlm.nih.gov/pubmed/41156514
https://doi.org/10.1111/ppe.13081
https://www.ncbi.nlm.nih.gov/pubmed/38747097
https://doi.org/10.1016/j.advnut.2024.100220
https://www.ncbi.nlm.nih.gov/pubmed/38670164
https://doi.org/10.1002/14651858.CD002971.pub5
https://www.ncbi.nlm.nih.gov/pubmed/31322731
https://doi.org/10.1002/14651858.CD002971.pub2
https://www.ncbi.nlm.nih.gov/pubmed/17943776
https://doi.org/10.1002/14651858.CD002971.pub4
https://www.ncbi.nlm.nih.gov/pubmed/29926476
https://doi.org/10.1038/s41390-025-04729-z
https://www.ncbi.nlm.nih.gov/pubmed/41554863
https://doi.org/10.1371/journal.pone.0230800
https://www.ncbi.nlm.nih.gov/pubmed/32214387
https://doi.org/10.1038/s41390-025-04115-9
https://www.ncbi.nlm.nih.gov/pubmed/40473805
https://doi.org/10.1093/advances/nmaa014
https://www.ncbi.nlm.nih.gov/pubmed/32119744
https://doi.org/10.3390/nu18203338


Nutrients 2026, 18, 3338 11 of 11

29. Ames, S.R.; Lotoski, L.C.; Azad, M.B. Comparing Early Life Nutritional Sources and Human Milk Feeding Practices: Personalized
and Dynamic Nutrition Supports Infant Gut Microbiome Development and Immune System Maturation. Gut Microbes 2023, 15,
2190305. [CrossRef] [PubMed]

30. Pitino, M.A.; Beggs, M.R.; O’Connor, D.L.; Doyen, A.; Pouliot, Y.; Sergius-Ronot, M.; Unger, S. Donor Human Milk Processing
and Its Impact on Infant Digestion: A Systematic Scoping Review of in Vitro and in Vivo Studies. Adv. Nutr. 2023, 14, 173–189.
[CrossRef] [PubMed]

31. Underwood, M.A. The Fifty Billion Dollar Question: Does Formula Cause Necrotizing Enterocolitis? J. Perinatol. 2025, 45, 565–571.
[CrossRef] [PubMed]

32. Boyd, C.A.; Quigley, M.A.; Brocklehurst, P. Donor Breast Milk versus Infant Formula for Preterm Infants: Systematic Review and
Meta-Analysis. Arch. Dis. Child.–Fetal Neonatal Ed. 2007, 92, F169–F175. [CrossRef] [PubMed]

33. Quigley, M.; Embleton, N.D.; Meader, N.; McGuire, W. Donor Human Milk for Preventing Necrotising Enterocolitis in Very
Preterm or Very Low-Birthweight Infants (Review). Cochrane Database Syst. Rev. 2024, 9, CD002971. [CrossRef] [PubMed]

34. Kirtsman, M.; Yoon, E.W.; Ojah, C.; Cieslak, Z.; Lee, S.K.; Shah, P.S. Nil-Per-Os Days and Necrotizing Enterocolitis in Extremely
Preterm Infants. Am. J. Perinatol. 2015, 32, 785–794. [CrossRef] [PubMed]

35. Cerdó, T.; García-Santos, J.A.; Rodríguez-Pöhnlein, A.; García-Ricobaraza, M.; Nieto-Ruíz, A.; Bermúdez, M.G.; Campoy, C.
Impact of Total Parenteral Nutrition on Gut Microbiota in Pediatric Population Suffering Intestinal Disorders. Nutrients 2022, 14,
4691. [CrossRef] [PubMed]

36. Assad, M.; Elliott, M.J.; Abraham, J.H. Decreased Cost and Improved Feeding Tolerance in VLBW Infants Fed an Exclusive
Human Milk Diet. J. Perinatol. 2016, 36, 216–220. [CrossRef] [PubMed]

37. Romero-Lopez, M.; Naik, M.; Holzapfel, L.F.; Tyson, J.E.; Pedroza, C.; Ahmad, K.A.; Rysavy, M.A.; Carlo, W.A.; Zhang, Y.; Tibe,
C.; et al. Enteral Nutritional Practices in Extremely Preterm Infants: A Survey of U.S. NICUs. J. Perinatol. Off. J. Calif. Perinat.
Assoc. 2025, 45, 670–672. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/nu18203338

https://doi.org/10.1080/19490976.2023.2190305
https://www.ncbi.nlm.nih.gov/pubmed/37055920
https://doi.org/10.1016/j.advnut.2022.11.004
https://www.ncbi.nlm.nih.gov/pubmed/36811588
https://doi.org/10.1038/s41372-025-02277-2
https://www.ncbi.nlm.nih.gov/pubmed/40133659
https://doi.org/10.1136/adc.2005.089490
https://www.ncbi.nlm.nih.gov/pubmed/16556615
https://doi.org/10.1002/14651858.CD002971.pub6
https://www.ncbi.nlm.nih.gov/pubmed/39239939
https://doi.org/10.1055/s-0034-1396687
https://www.ncbi.nlm.nih.gov/pubmed/25545445
https://doi.org/10.3390/nu14214691
https://www.ncbi.nlm.nih.gov/pubmed/36364953
https://doi.org/10.1038/jp.2015.168
https://www.ncbi.nlm.nih.gov/pubmed/26562370
https://doi.org/10.1038/s41372-024-02198-6
https://www.ncbi.nlm.nih.gov/pubmed/39653781
https://doi.org/10.3390/nu18203338

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Data Collection 
	Study Outcomes 
	Statistical Analysis 

	Results 
	Study Population 
	Demographic and Feeding Characteristics 
	Clinical Outcomes and Growth-Related Parameters 
	Multivariable Analysis of Growth and Clinical Outcomes 
	Weight Gain at Day 14 
	Length of Hospitalization 
	Time to Reach Full Enteral Feeding 

	Incidence of NEC 

	Discussion 
	Conclusions 
	References

