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Article 

BACKGROUND: Premature infants benefit from human milk fortifiers (HMF) for 

optimal growth, nutrition, neural development and reducing complications.                 

However, the ideal timing for HMF introduction is still debated due to preterm          

infant’s immature digestive system and inconclusive study results, often marred by 

methodological flaws.   

OBJECTIVE: :  To compare the effects of early human milk fortification (EHMF) 

vs late human milk fortification (LHMF) on low birthweight (LBW) preterm             

neonates. 

MATERIALS AND METHODS: A systematic search for randomized controlled 

trials comparing EHMF vs LHMF on LBW preterm neonates was conducted,              

covering databases such as Cochrane CENTRAL, Pubmed, Google Scholar and 

clinical trials registries iCRTP, ISRCTN and HERDIN from January 2000 to July 

2024.  Statistical analysis was performed using Review Manager version 5.3, with 

mean differences for continuous outcomes and risk ratio (RR) for dichotomous    

outcomes.  A sensitivity analysis using the leave-one-out method and meta-

regression was conducted to address potential confounding factors and publication 

biases were assessed through funnel plots. 

RESULTS: The EHMF group showed potential benefits in reducing the incidence 

of retinopathy of prematurity (ROP) and neonatal sepsis, achieving a faster time to 

regain birth weight.  However, there may be an increased risk of bronchopulmo-

nary dysplasia and the effects of necrotizing enterocolitis and feeding intolerance 

(FI) may be unclear.  Interestingly, hospital outcomes (length and time to reach full 

feeds) and adverse effects (extra-uterine growth restriction) no significant                

difference between groups were noted.  

CONCLUSION: EHMF could impact growth parameters and reduce adverse               

outcomes, although most effects were not significant. The wide confidence inter-

vals around some effect sizes suggest a need for more robust studies to resolve 

these uncertainties. 
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 In 2020, an estimated 13.4 million                

babies were born prematurely, and around 

900,000 children died in 2019 due to                      

complications of preterm birth.1 The neonatal 

mortality rate in the Philippines stands at 

14.23 per 1000 live births with a LBW of 

13%.2,3 Over the past few decades, there has 

been a rising trend in preterm survival rates, 

and the key to management is ensuring               

adequate nutrition to enhance both short-term 

and long-term outcomes.4 

 Neonates born prematurely miss some or 

even all the crucial period during the third             

trimester, characterized by nutrient accretion 

and growth. However, there is great potential 

for improvement in the nutritional care of               

preterm infants.  Breast milk alone does not 

provide enough nutrients for preterm infants; it 

lacks the recommended daily amount of iron, 

zinc, calcium, phosphorous and vitamins A 

and D.5,6. Preterm infants are at high risk for     

mineral deficiency, which can lead to                  

increased risk for osteopenia of prematurity 

since calcium and phosphorous deposition   

occurs during the last trimester of                        

pregnancy.7,8 Additionally, their gastrointesti-

nal tract immaturity, including reduced                 

gastrointestinal motility and enzyme activity, 

along with corticosteroid therapy, further                 

hinders their growth.9,10  Due to these factors, 

most preterm infants fail to show adequate 

growth during the first few weeks of life, and 

they do not achieve expected growth                   

parameters by term gestation.11,12,13 

 Total parenteral nutrition (TPN) is             

beneficial for providing early aggressive             

nutrition and improving long-term outcomes 

for preterm infants.  However, it can also lead 

to some complications such as transient               

metabolic acidosis, hyperlipidemia, azotemia, 

parenteral nutrition-associated liver disease 

(PNALD) and central line associated                 

bloodstream infection (CLASBI)14 if                   

administered for a prolonged period.                  

Therefore, it is essential to prioritize early           

enteral feeding and to initiate full enteral        

feeding as soon as the condition allows.  A day 

of depriving infants of enteral nutrition can 

increase the risk of extrauterine growth              

restriction by 8%.15   

 In addressing the impact on growth              

parameters and adverse clinical outcomes in 

LBW preterm neonates, it is essential to               

consider how does EHMF compare to LMHF. 

 The study aims to provide vital insights 

for clinicians and neonatologists on the safety 

and effectiveness of EHMF in preterm            

neonates. This comprehensive systemic           

review and meta-analysis seek to establish a 

strong foundation for practice guidelines and 

drive progress in future research, with a              

specific focus on short-term and long-term 

outcomes on preterm infants.  Although recent 
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clinical trials highlights the benefits of EHMF, 

they have not shown significant differences in 

complication rates, particularly necrotizing 

enterocolitis (NEC), between milk fortification 

groups.  As a result, there is an urgent need for 

a consensus on the optimal timing for                       

initiating HMF, as practices for its onset vary 

widely worldwide.  LHMF, often starting at 

TFR 100ml/kg/day due to traditional or               

fear-driven approaches, can lead to complica-

tions despite careful parenteral and enteral 

feeding strategies.  It is imperative to balance 

these approaches and potential risk factors, 

such as feeding intolerance (FI), sepsis, NEC 

and mortality.16 This delicate balance demands 

the utmost attention and consideration, as the 

decisions made can profoundly impact              

neonatal care. 

Defining EHMF and LHMF yields varied              

results.  Some studies suggest EHMF as             

fortification starting from the 1st feeding to 

40mg/kg/day and LHMF as 75 to 120ml/kg/

day.  EHMF is already gaining wide            

acceptance in several NICUs worldwide, as 

evidenced by the multiple feeding protocols 

published in clinical reports.59,60,61 This               

promising trend suggests potential benefits for 

the future of neonatal care. 

Recent systemic review and meta-analysis 

studies from 2020 and 2021 with 2 and 3    

studies respectively, indicate a trend of                   

non-significant effects on growth parameters, 

hospital course and clinical outcomes associat-

ed with EHMF.34,35 These studies emphasize 

the urgent need for future research and               

standardized approach on feeding protocols 

and initiation of HMF.  Current variability in 

feeding practices could result in delayed               

nutrition and extended hospital stays,34,35,62 

emphasizing the need for prompt action to 

tackle these challenges.  

Despite recent RCT and meta-analysis              

showing the benefits of EHMF and no              

significant differences in the rates of                

complications especially NEC, there is still a 

wide range of practice variations in the               

introduction of HMF.  In the Philippines and 

our institution, the predominant approach is 

still the traditional and fear-driven method, 

which involves starting fortification late at 

100ml/kg/day. 

Study Objectives 

General 

To compare the effects of EHMF vs 

LHMF on growth parameters and  

safety in LBW preterm infants.  

Specific Objectives  

To compare the effects of early vs late 

fortification of breastmilk in LBW   

preterm neonate, with possible benefits 

in the following:  

 Weight in g/kg/day 
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 Length in cm/week 

 HC in cm/week 

 Days to full feeds 

 Days of TPN 

 Days of Hospital stay 

 Days to regain BW 

To compare the effects of EHMF vs LHMF 

on adverse clinical outcome rates in LBW 

preterm neonates   

 NEC 

 Neonatal sepsis  

 Bronchopulmonary Dysplasia (BPD) 

 Retinopathy of Prematurity (ROP) 

 FI 

 EUGR 

 Death 

 

This systemic review and                         

meta-analysis followed the Preferred                        

Reporting Items for Systemic review and Meta

-analysis (PRISMA) guidelines and was              

conducted between April to September 2024.  

Inclusion Criteria 

Population: Preterm infants low bir th 

weight neonates 

Intervention: Human milk feeding 

(MoM, DBM, PBM) with EHMF 

(either human or bovine derived)               

starting when feeding is at < 40ml/kg/

day 

Control: Human milk feeding (MoM, 

DBM, PBM) with LHMF (either              

human or bovine derived) starting 

when feeding is at > 75ml/kg/day 

Outcome: Primary: compar ison of 

growth parameters (weight in g/kg/day, 

length and HC in cm/week) and                 

incidence of NEC.  Secondary:                

comparison on the ff: adverse effects 

(Neonatal sepsis, BPD, ROP, FI,              

Extra-uterine growth restriction 

(EUGR), Death) and hospital outcomes 

(days to full feeds, days of TPN, days 

of hospital stay, days to regain BW) 

Method: Published RCT or  Clinical      

Trial written in English language with 

publication dates 2000-2024.  

Exclusion Criteria 

 Population: Preterm with multiple 

congenital anomalies or chromosomal 

abnormalities 

 Intervention and Control: Mother  

could not provide own milk and refusal 

to use DBM, PBM and use of formula 

milk 

 Methods: Studies other  than RCT, 

non-English language publications,                 

unavailability of full text article and            

unpublished data. 

Materials and Methods 
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Search Strategy 

We conducted a comprehensive search 

inclusive of a wide range of sources, including 

Cochrane CENTRAL, MEDLINE via                

Pubmed, Google Scholar, English Databases 

and published clinical trials through the 

iCRTP, ISRCTN and HERDIN from 2000-

2024.   

The search was guided by a                   

combination of medical subject headings 

(MeSH) term and free text used were preterm 

OR premature, AND low birth weight AND 

milk fortifier OR milk fortification, AND            

enrichment, AND early AND delayed OR late 

fortification AND randomized controlled trials 

OR RCT OR controlled clinical trial OR            

clinical trial.  Studies not meeting the                

inclusion criteria were excluded and the           

remaining studies were retrieved and              

reviewed. 

Eligibility Screening 

The primary investigator and                         

co-investigator performed an independent and 

thorough review of abstracts and full-text                

articles for eligible studies generated by the 

search strategy. In the presence of discrepan-

cies between the two reviewers, disagreements 

were resolved by consulting an independent 

reviewer.   

Risk of Bias in individual studies 

 The Cochrane Collaboration GRADE 

(2011) was used to categorize the ROB and 

level of evidence of the included studies into 

three levels: Low, Unclear or Moderate and 

High risks.  The following trial characteristics 

were appraised: Random sequence generation, 

allocation concealment, blinding of                

participants, personnel and outcome                  

assessment, incomplete data outcome,                  

selective reporting and others. The answers to 

all domains of bias based on the algorithm 

generate a proposed judgment on the ROB. A 

low-risk bias indicates low-risk assessment in 

all domains; unclear risk means unclear risk 

assessment for all domains; and high-risk             

denotes a high-risk assessment in one or more 

key domains. 

Data Collection 

 The primary researcher and the                   

co-investigator extracted the data of eligible 

studies and placed in a data collection form 

and tabulated where population, intervention, 

comparator, outcome and methodology were 

included. For any missing data of interest, the 

investigators contacted the study authors to 

provide the data, which was then computed 

based on appropriate statistical tools.  

Statistical analysis  

 Mean differences were calculated for 

continuous outcomes. Risk ratio (RR) with 

95% CI were calculated for dichotomous data.  

Heterogeneity was assessed using the                  

Chi-squared test for heterogeneity and the I2                     

statistics. The effect size (MD or RR) was             

calculated for each study and then pooled               

using a fixed-effect model to obtain an overall 
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effect size. 95% CI were calculated to estimate 

the precision of the pooled effect size.                 

Statistical analysis was performed using            

Review Manager version 5.3.  

Sensitivity analysis was done using the 

leave-one-out method to evaluate how results 

would change if studies were excluded one at 

time from the analysis. Meta-regression             

analysis was performed to evaluate the effect 

of any confounding factor for outcomes.  

Figure 1 is a summarized flowchar t of the 

study selection process. 1004 potentially                

relevant articles were retrieved using the 

search strategy - excluded articles at each 

stage with reasons indicated. The remaining 

six full-text articles were reviewed and           

included in the systemic review and                       

meta-analysis. 

Results 

Figure 1. PRISMA Flow Diagram of Study Selection 
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Study Characteristics of Individual Studies 

 All six studies,63-68 were prospective 

RTCs comparing the effects of EHMF vs. 

LHMF in preterm neonates.  A total of 599 

participants were involved, with 50.4%                 

allocated to the early fortification group and 

49.6% to the late fortification group. 

 Two studies63-64 were conducted in a 

multi-center setting, one in several centers in 

the USA and the other in USA and Austria, 

while the remaining studies were single-center 

studies.65-68 Two studies were conducted in the 

USA; one from Iran and one in India.                

Detailed study characteristics for each                 

investigation are provided in Table 1. 

Interventions  

Study interventions varied in term of 

fortifiers used.  Four studies64-68 used various 

CMBF such as Aptamil FMS,69 Enfamil               

Liquid HMF,70 Similac HMF71 and                       

Lactodex72, while two studies63,66 used HMBF 

like Prolact+ H2MF.73   

The studies also differed in the form of 

fortifiers used, with 67% using liquid-based 

HMF63,64,66,67 and 33% using powder-based 

HMF.65,67 Additionally, the studies varied in 

the methods for commencing fortification, 

showing diversity in research approaches.      

Despite this, feeding increments were                

comparable across all studies. 

Early fortification was star ted at            

different feeding levels, with 20.5% of cases 

starting during the first feedings,65,67 37.7% at 

20-25ml/kg/day,64,66 18.3% at 30ml/kg/day68 

and 23.5% at 40ml/kg/day.63  

Late fortification was initiated at 

12.1% of cases at 75ml/kg/day,65 27.3% at 

80ml/kg/day,67,68 at 39.4% at 100ml/kg/day63,64 

and 21.2% at over 120ml/kg/day.68   

Table 1: Characteristics of the Studies Included 

Author Sullivan Taheri Shah Salas Wynter Gupta 

Location 
USA 

Austria 
Iran USA USA USA India 

Year 2010 2016 2016 2023 2024 2024 

Methods 

Design RCT RCT RCT RCT RCT RCT 

Blinding Unblinded Double Blind Unclear blinding 
Single 
Blind 

Double 
Blind 

Unblinded 

Study Site Multi-center 
Single cen-

ter 
Multi-center 

Single 
center 

Single 
center 

Single 
center 

Sample 
Size 

207 80 99 150 52 120 
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Inclu-
sion 

BW 500-1250g 
  
27-29 weeks 
AOG 
  
Intention to re-
ceive MoM 
  
Ability to adhere 
to feeding proto-
col on the basis 
of use of MoM 
  
Initiation of PN 
within 48 hours 
of birth 
  
Initiation of feed-
ing within 21 
days after birth 

BW < 2000g 
  
28-34 weeks 
AOG 

  
  

BW < 1500g < 28 weeks 
AOG 

BW 1000-
1500g 
  
Admission 
to NICU 
within 24 
hours of 
birth 
  
Maternal 
intent to 
supply BM 
and in-
formed con-
sent for the 
use of do-
nor human 
milk 

< 32 weeks 
AOG 

Exclu-
sion 

Major Congenital 
Anomalies 
Likelihood of 
transfer to a non-
study institution 
during the study 
period 

Major con-
genital 
anomalies 
Transferred 
to another 
hospital 
  
Did not at-
tend neona-
tal clinic for 
ff up visits 
Fed with 
formula milk 

Major congeni-
tal anomalies 
or chromoso-
mal abnormali-
ty 
  
Died or ex-
pected to die w/
in 72 hrs 
  
Mother could 
not provide 
own milk and 
refuse to use 
donor breast 
milk 

Major con-
genital 
anomalies 
  
Terminal 
illness in 
whom deci-
sion to 
withhold or 
limit life 
support 
have been 
made 

Major con-
genital 
anomalies 
  
BW < 3

rd
 

percentile 
for GA and 
sex on Fen-
ton curve 
  
Enteral 
feeds not 
initiated 
within 
24hours of 
birth 

Major con-
genital 
anomalies 
  
Hemody-
namically 
unstable 
neonates 
Surgical 
problems 

Intervention 

Type of 
Milk 
used 

Pasteurized Hu-
man Milk 

Breast Milk Breast Milk 
Breast Milk 
Donor milk 

Breast Milk 
Breast Milk 
Pasteurized 

DBM 

Fortifier 
used 

Prolact+ H
2
MF; 

Prolacta Biosci-
ence, Monrovia, 
California 
  
  
  
  
  
  
  
  
  
 
 
  
  
 
 (Donor HMBF) 

Aptamil 
FMS pow-
der 
Nutricia 
GmbH, Er-
langen, Ba-
varia, Ger-
many 
  
  
  
  
  
  
  
 
  
  

(Bovine) 

Enfamil; 
Mead Johnson, 
LLC, Evans-
ville, IN 
  
  
  
  
  
  
  
  
  
  
  
  
 
  

(Bovine) 

Prolact, 
Prolacta 
Bioscience, 
Inc, CA 
  

(Donor 
HMBF) 

  
  
Enfamil 
Liquid 
HMF, High 
protein 
Mead 
Johnson 
Nutrition, 
Evansville, 
IN  

(Bovine) 

Enfamil 
Liquid 
HMF, 
High pro-
tein 
Mead John-
son Nutri-
tion, Evans-
ville, IN 
  
  
  
  
  
  
  
  
  

(Bovine) 

Lactodex 
HMF 
Raptakos, 
Brett & Co, 
Ltd. 
  
  
  
  
  
  
  
  
  
  
 
  
  

(Bovine) 
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Form Liquid Powder Liquid Liquid Liquid Powder 

Early For-
tification 
(EHMF) 

TFR 
40ml/kg/ 

day 

1st 
feeds 

TFR 
20ml/kg/day 

TFR 
20-25ml/kg/day 

1st feed-
ing 

TFR 
30ml/kg/

day 

Late Forti-
fication 
(LHMF) 

TFR 
100ml/kg/

day 

TFR 
75ml/
kg/D 

TFR 
100ml/kg/day 

TFR 
>120ml/kg/day 

TFR 
80ml/kg/

day 

TFR 
80ml/kg/

day 

Outcome 

Primary 

Duration of 
TPN 

Differ-
ence in 
growth 
indices 
weight, 
Length, 
HC 

Number of days to 
reach full feeds 
>140ml/kg/D 

FFM for age,             
z score at 36 
weeks PMA or 
discharge 
  
Body composition 
measurements at 
36 weeks PMA or 
hospital dis-
charge converted 
to z score values 

Weight 
velocity 
in g/kg/
day at 
28

th
 DOL 

HC and 
length at 
28

th
 DOL 

Days to 
regain 
BW 
  
Days to 
reach full 
feeds 
  
FI 
  
BCS 
proven 
sepsis 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

  
Second-

ary 

Daily 
Weight 
  
Weekly 
recumbent 
length and 
HC 
  
Ventilator 
Days 
O2 Days 
  
ROP 
  
BPD 
  
LONS 
  
NEC 
  
FI 

NEC 
  
Neona-
tal Sep-
sis 
  
FI 

Daily weight 
  
NEC 
  
FI 
  
  
Length, HC and 
Weight velocity 4 wks 
after birth and 36 wks 
PMA 
  
Days till BW is re-
gained 
  
TPN Days 
Days of hospital stay 
  
Ventilator days 
  
Protein and Caloric 
intake for the 1

st
 4 

weeks of life 
  
Milk Intolerance 
  
LONS 
  
BPD 
  
PDA 
  
Severe IVH (Grade 3-
4) 
  
PVL 
  
ROP 

Weight gain ve-
locity in g/kg/d 
from birth to 36 
weeks PMA 
  
Declines in 
weight for age z 
score from birth 
to 36 weeks 
  
Length gain ve-
locity (cm/wk) 
from birth to 36 
weeks PMA 
measured with 
length boards 
Declines in length 
for age z score 
from birth to 36 
weeks 
  
HC gain velocity 
in cm/wk 
measured with a 
flexible tape 
measure 
  
Declines in HC 
for age z score 
from birth to 36 
weeks 
  
SIP 
  
NEC 
  
Death 

NEC 
  
Metabol-
ic acido-
sis 
  
ROP 
  
LONS 
  
NPO 
occur-
rences 

  

Weight 
gain ve-
locity in 
g/kg/d 
  
Length 
gain in 
cm/wk 
  
HC gain 
(cm/wk) 
  
Duration 
of hospi-
tal stay in 
days 
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Figure 2a: Risk of Bias 
Assessment Graph of 
included studies using 
the Cochrane GRADE 
Tool  

 

Risk of Bias in Individual Studies 

We assessed the methodological quality of six 

studies.63-68 (Figure 2a and 2b). Overall, the 

study level ROB was moderate. Despite low 

ROB in some areas, some uncertainties and 

potential sources of bias persists. Most studies 

adequately conducted random sequence               

generation and allocation concealment,                  

suggesting a low risk of selection bias.                 

However, unclear allocation concealment in 

some studies and the lack of blinding raises 

concerns about performance bias.                          

Unclear detection bias in most studies 63,65-68 

poses challenges in assessing reliability in 

their findings. Low risk for attrition bias due 

to short follow up periods and nature of study 

populations.  Low risk for reporting bias on all 

studies as they offer comprehensive results 

including both positive and negative findings.  

Unclear risk concerning other potential 

sources of bias in all studies63-68 due to                      

insufficient information to make a                        

comprehensive assessment beyond the                 

mentioned domains.   

Figure 2b: Risk of Bias              
Assessment Summary of             
included studies using the 
Cochrane Grade tool 
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1. Change in growth parameters 

1.1 Weight (g/kg/day) 

Data for analysis of this outcome were 

available from three trials,63,64,68 representing 

the average difference in weight gain between 

EHMF and LHMF groups. The combined  

 

mean difference between groups is 0.43 g/kg/

day (95% CI of -0.36 to 1.21 g/kg/day),               

indicating more weight gain for the EHMF 

group, but was not statistically significant             

between groups.  No significant heterogeneity 

between studies noted.  (Chi² = 1.51, df = 2, p 

= 0.47, I² = 0%) 

Results 

Figure 3. Forest plot of comparison: EHMF vs LHMF, outcome: Weight gain in g/kg/day 

1.2 Length (cm/week) 

Data for analysis of this outcome were 

available from three trials,63,64,68 representing 

the average difference in length gain between 

EHMF vs LHMF groups. The combined mean 

difference between groups is 0.02 cm/week 

(95% CI of -0.05 to 0.09 cm/week), indicating 

no statistically significant difference in length 

gain between groups.  The high precision of 

pooled effect indicates no difference between 

groups.  No significant heterogeneity between 

studies noted.  (Chi² = 2.27, df = 2, p = 0.32, I² = 

12%) 

Figure 4. Forest plot of comparison: EHMF vs LHMF, outcome: Length gain in cm/week 
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2. Days to reach full feeds 

Data for analysis of this outcome were 

available from four trials.63,64,67,68 The overall 

effect size between EHMF and LHMF groups 

(Mean Difference = 0.16, 95% CI: -0.23, 0.54) 

indicates no statistically significant difference 

in mean days to full feeds between groups.   

 

The high precision of the pooled effect 

indicates no difference between groups.                 

Neither group consistently reached full feeds 

significantly faster or slower than the other.  

No significant heterogeneity between studies 

noted.  (Chi² = 1.74, df = 3, p = 0.63, I² = 0%) 

Figure 5. Forest plot of comparison: EHMF vs LHMF, outcome: Head circumference gain in cm/week   

1.3. Head Circumference (cm/week) 

Data for analysis of this outcome were 

available from three trials,63,64,68 representing 

the average difference in head circumference 

gain between EHMF and LHMF groups.                  

The combined mean difference between 

groups is 0.005 cm/week (95% CI of -0.001 to  

 

0.011 cm/week), indicating no statistically              

significant difference in HC gain between the 

EHMF and LHMF groups. The high precision 

of the pooled effect indicates no difference 

between groups.  No significant heterogeneity 

between studies noted.  (Chi² = 1.38, df = 2, p 

= 0.50, I² = 0%) 

Figure 6.  Forest plot of comparison: EHMF vs LHMF, Outcome: Days to reach full feeds 
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3. Days of TPN 

 Data for analysis of this outcome were 

available from three trials.63,64,67 The overall 

effect size between EHMF and LHMF groups  

 

(Mean Difference = -0.03, 95% CI: -1.92, 

1.87) indicates no statistically significant dif-

ference in mean days of TPN between groups.   

No significant heterogeneity between studies noted. (Chi² = 0.77, df = 2, p = 0.68, I² = 0%)  

Figure 7.  Forest plot of comparison: EHMF vs LHMF, Outcome:  Days on TPN  

4. Days of Hospital Stay 

Data for analysis of this outcome were 

available from four trials.64,64,67,68 The individ-

ual studies show varying mean differences in 

days of hospital stay, with some favoring the 

EHMF and others favoring the LHMF group. 

However, there needs to be a consistent                

pattern across studies.  The overall effect size 

between groups (Mean Difference = 0.36, 

95% CI: -3.68, 4.39) indicates no statistically 

significant difference in mean days of TPN 

between the EHMF and LHMF groups.  No 

significant heterogeneity between studies              

noted. (Chi² = 0.40, df = 3, p = 0.94, I² = 0%)  

Figure 8.  Forest plot of comparison: EHMF vs LHMF, Outcome: Days of Hospital Stay 
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5. Days to Regain BW 

Data for analysis of this outcome were 

available from three trials with 180                       

newborns.63,64,68 It is evident in the forest plot 

that the EHMF group has faster time to regain 

BW, (Mean Difference = -0.68, 95% CI: -

1.50, 0.13) but, the overall effect size between  

 

groups indicates no statistically significant 

difference in mean days to regain BW                  

between the EHMF and LHMF groups.  No 

significant heterogeneity between studies              

noted. (Chi² = 2.48, df = 2, p = 0.29, I² = 

19%)   

Figure 9.  Forest plot of comparison: EHMF vs LHMF, Outcome: Days to regain BW 

Adverse events 

1. NEC 

Data for analysis of this outcome were 

available from six trials.63-68, The estimated 

risk ratio 1.35 (95% CI 0.85 to 2.14) indicates  

 

a slightly higher risk for the EHMF group but 

was no statistical significance in NEC                  

incidence between EHMF and LHMF groups.  

No evidence of heterogenicity across studies 

noted.  (Chi² = 2.61, df = 5, p = 0.76, I² = 0%)   

Figure 10.  Forest plot of comparison: EHMF vs LHMF, Outcome: NEC 
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2. Neonatal sepsis 

Data for analysis of this outcome were 

available from five trials.63-65,67,68 The pooled 

effect for neonatal sepsis suggests a potentia-

tion benefit of EHMF, however the estimated 

risk ratio 0.81 (95% CI 0.51 to 1.30) indicates  

 

no significant difference in the incidence of 

neonatal sepsis between EHMF and LHMF 

groups. No evidence of heterogenicity across 

studies noted.   (Chi² = 1.57, df = 3, p = 0.67, 

I² = 0%)   

Figure 11.  Forest plot of comparison: EHMF vs LHMF, Outcome: Neonatal sepsis 

3. BPD 

Data for analysis of this outcome were 

available from three trials.63,64,67 Though the 

forest plot would suggest a possible increased 

risk for BPD with the EHMF group, the               

estimated risk ratio of 1.19 (95% CI 0.82 to  

 

1.74) indicates no significant difference in the 

incidence of BPD between EHMF and LHMF 

groups. No evidence of heterogenicity across 

studies noted (Chi² = 0.33, df = 2, p = 0.85, I² 

= 0%)   

Figure 12.  Forest plot of comparison: EHMF vs LHMF, Outcome: BPD 
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4. ROP 

Data for analysis of this outcome were 

available from three trials.63,64,67 The pooled 

effect shows a potential decrease in the                    

incidence of ROP with the EHMF group, but 

the estimated risk ratio of 0.79 (95% CI 0.53  

 

to 1.17) indicates no significant difference in 

the incidence of ROP between EHMF and 

LHMF groups.  No evidence of heterogenicity 

across studies noted (Chi² = 0.17, df = 1, p = 

0.68, I² = 0%)   

Figure 13.  Forest plot of comparison: EHMF vs LHMF, Outcome: ROP 

5. FI 

Data for analysis of feeding tolerance 

were available from six trials.63-68 The forest 

plot indicates a potential increase in FI in the 

LHMF group, however, the estimated risk          

ratio of 1.11 (95% CI 0.87 to 1.43) indicates  

 

no significant difference in the incidence of FI 

between EHMF and LHMF groups.                           

No evidence of heterogenicity across studies 

noted.  (Chi² = 1.5, df = 4, p = 0.83, I² = 0%)   

Figure 14.  Forest plot of comparison: EHMF vs LHMF, Outcome: FI 



 

 
Page 65  The PCMC Journal, Vol. 21 No. 2 

6. EUGR    

Data for analysis of this outcome were 

available from three trials.63,64,66 The forest 

plot indicates a slightly lower risk in the                 

incidence of EHMF group, however, the               

estimated risk ratio of 0.93 (95% CI 0.75 to 

1.15) indicates no significant difference in the  

 

incidence of EUGR between EHMF and 

LHMF groups. The high precision of the 

pooled effect indicates no difference between 

groups.  No evidence of heterogenicity across 

studies noted.  (Chi² = 2.14, df = 2, p = 0.34, 

I² = 7%)  

Figure 15.  Forest plot of comparison: EHMF vs LHMF, Outcome: EUGR 

7. Death 

 Data for analysis of this outcome were                

available from four trials.63,64,66,68 The forest 

plot indicates an increased risk of death 

against the LMHF group, however, the               

estimated risk ratio of was 1.30 (95% CI 0.58  

 

to 2.89) indicates no significant difference in 

the incidence of death between EHMF and 

LHMF groups. No evidence of heterogenicity 

across studies noted.  (Chi² = 1.20, df = 3, p = 

0.98, I² = 0%)   

Figure 16.  Forest plot of comparison: EHMF vs LHMF, Outcome: Death 
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 Summary of results 

 No significant differences were found                     

between groups regarding growth parameters, 

average TPN days or mean length of                   

hospital stay, aligning with previous                  

meta-analyses.34,35,62    A comprehensive              

systemic review and meta-analysis identified 

six studies63-68 assessing 599 low and very low 

birth weight (500-2000g) preterm infants.  All 

the data was combined into one comparison, 

specifically looking at the effects of EHMF (< 

40 ml/kg/day) and LHMF (> 75 ml/kg/day), 

revealing that only one study63 utilized donor 

HMBF.  While the others-68 employed CMBF, 

all at 24 kcal/oz.  Feeding commenced as             

early as the first day of life and as late as the 

96th hour. The studies conducted in various 

economic settings also differed in their                 

approaches in feeding increments and timing 

of nutritional fortification, showing a range of 

strategies available for managing nutrition in 

LBW preterm infants.   

 The study found that EHMF is generally 

safe and well tolerated in preterm infants. The 

EHMF group revealed a potential reduction in 

the incidence of ROP and neonatal sepsis, 

with faster BW recovery.  Conversely, there 

might be an increased risk of BPD and the 

effects on NEC and FI incidences are unclear.  

The study also hinted at a potentially higher 

mortality risk for the EHMF group, though all 

results were not statistically significant.   

 Interestingly, due to the high precision 

of the pooled effects on growth parameters 

(length cm/week and HC cm/week), hospital                  

outcomes (day to reach full feeds) and adverse 

effects (EUGR), indicates that even if there 

were larger sample sizes, there would                

probably be no difference noted for these               

outcomes.  

 Our study had notable strength,               

including a meticulous methods involving an 

exhaustive search, precise data extraction, use 

of local database, thorough appraisal and             

in-depth analysis, the low heterogenicity rate 

between studies and the inclusion of three   

additional studies for analysis, have                  

significantly minimized biases.  Our compre-

hensive literature search leaves little room for 

the possibility of missing other relevant              

completed studies.  The adequately powered 

analysis made this study identify meaningful 

differences between groups, even if the                   

differences are relatively small, thus providing 

strong evidence for the robustness and                

reliability of the findings.  Additionally, we 

have uncovered several potential future data 

sources.   

 The study had notable limitations,                

including the exclusion of non-English and 

unpublished studies, a small and limited             

number of trials, an imbalanced study ratio 

Discussion 
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favoring the CMBF group, challenges in using 

some RCTs due to communication issues with 

authors, the inclusion of some underpowered 

trials and an insufficient number of RCTs to 

adequately assess publication or reporting bias 

through funnel plot symmetry.  These factors 

contributed to the low quality of evidence for 

all outcomes, which were further downgraded 

due to the lack of blinding and small sample 

sizes.   

 

Agreements and disagreements with other 

studies and reviews  

 Recent systemic reviews and                      

meta-analyses34,35,59 compared EHMF vs. 

LHMF in preterm infants, evaluating out-

comes like growth, hospital stay, adverse            

effects and long-term development.  A 2021 

study62 which combined data from three 

RCTs63-65 defined EHMF at < 40 and LHMF 

at >75ml/kg/day.  Like our study, it did not 

find significant evidence for EHMF in growth 

parameters, length of hospital stays or                  

incidence of NEC, FI and sepsis.  However, it 

lacked data on other outcomes like hospital 

course (days to full feeds, days on TPN, days 

to regain BW) and other adverse outcomes 

(ROP, BPD, EUGR).  A 2020 Cochrane               

review35 involving two RCTs63,64, used              

different volume thresholds from ours at < 

100ml/kg/day and > 100ml/kg/day; four stud-

ies65-68 included in our studies were not yet 

included in the Cochrane review.  Like our 

study, this review also concluded that EHMF 

may have some or no effect in improving 

growth or reducing hospital stay, calling for 

larger RCTs.  Unique to this review was the 

inclusion of neurodevelopmental outcomes 

after 12 months corrected age.  Another 2020 

review34 including the same three RCTs,63-65 

without specific volume thresholds but with a 

unique data conversion method,79 which could 

have affected the interpretation of results that 

EHMF was associated with a significant              

increase in days of hospital stay, which, in 

turn, led to an inferred increased risk of FI and 

NEC.  However, this was contradictory to the 

results for FI with pooled data noting no              

significant difference (RR 1.27; 95% CI 0.72, 

2.24) and for NEC with a pooled estimate of 

RR (1.68; 95% CI 0.6,4.70), which was not 

significant.  This highlights the importance to 

adhering to clear and supportive informative 

statements to accurately report findings in             

reviews, maintaining the research’s integrity.  

In contrast, our study provided an appropriate 

methodology.  The reviews collectively               

indicate insufficient evidence to conclusively 

recommend one over the other, highlighting 

the need for further research to guide clinical 

nutrition strategies for preterm infants                 

effectively. 

 Two similar systemic reviews74,75 have 

compared EHMF vs LHMF in preterm                

infants, highlighting their safety, tolerability 

and potential benefits.  The first review75               

analyzed two RCTs63,64 focusing on                 
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short-term growth parameters, FI, length of 

hospital stay and PMA on discharge, also          

noting NEC and sepsis. The second review76 

examining three RCTs63-65 and two                      

retrospective studies,77,78 concluded that 

EHMF is safe and well-tolerated and              

potentially beneficial for preterm infants, 

found no significant impact on growth           

outcomes and hospital stay duration.   

 Like our study, both reviews highlight 

the need for additional RCTs to further              

explore these findings.  However, it is critical 

to note that the absence of GRADE analysis 

and meta-analysis in both reviews, suggesting 

a gap in assessment of the quality of evidence 

and the strength of recommendations.  Given 

this context, the conclusion is that while 

EHMF shows promise for use in preterm         

infants, particularly in terms of safety and  

tolerance, definitive claims regarding its           

benefits over LHMF cannot be made without 

further high-quality research.  Like the                 

conclusions with the meta-analysis above, 

again underscore the importance of                     

conducting more robust studies, to provide 

clearer guidance on the use of fortifiers in 

clinical practice. 

 Five retrospective studies76,77,79-81                  

compared EHMF and LHMF in preterm in-

fants. A 2022 study79 (n= 90, BW < 1,500g) 

found that EHMF (< 100ml/kg/day) reduced 

EUGR before discharge (p = 0.03), while 

LHMF (> 100ml/kg/day) shortened the time 

to regain BW. (p = 0.03). Like our study, TPN 

duration and time to regain BW were not              

statistically significant in this study.                 

However, this study noted a significant             

reduction of EUGR (p = 0.03) before dis-

charge, favoring the EHMF group and a sig-

nificant reduction in days to regain BW (p = 

0.03), favoring the LHMF group, in contrast 

to our study, which suggested no significant 

differences between groups.  A 2020 study80 

(n = 215, 31 to 36 weeks, BW < 2500g).  

EHMF (80ml/kg/day) vs LHMF (160ml/kg/

day).   This study reported EHMF group has a 

reduced time to regain BW (p < 0.0001), 

shorter length of stay (p = 0.03) and a lower 

incidence of FI (p = 0.007), in contrast to our 

study, which suggested a potential increased 

incidence of FI, no difference in length of stay 

and faster days to regain BW, favoring the 

EHMF group.  What was unique to this study 

was the association of EHMF with reduced 

maximum weight loss as % BW (p = 0.03), 

decrease in weight z score at 10 days (p 

=0.01) and multiple improvements of jaundice 

outcomes: serum bilirubin levels (p < 0.001), 

phototherapy (p < 0.0001) and % conjugated 

serum bilirubin/total serum bilirubin were 

similar between groups.  In a 201981 (n = 394, 

BW 500-1250g), conducted across multiple 

centers. EHMF (< 60ml/kg/day) and LHMF 

(> 60ml/kg/day).  This study shares many 

similarities with our own, which revealed that 

EHMF led to better growth outcomes and a 

reduction in CLD without increasing NEC 
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risk, contrasting our study’s observations of a 

non-significant risk of CLD in the EHMF 

group; this study noted that CLD was higher 

in the LHMF group (p = 0.008).  Additionally, 

growth velocity improvements with EHMF 

were significant in this study.  No difference 

in other clinical outcomes like NEC was               

noted, aligning with our results.  A 2016 

study,77 (n = 271, BW < 1300g). EHMF 

(25ml) and LHMF (100ml/kg/day).  While 

adverse clinical outcomes (NEC and EUGR) 

remained consistent between groups, the 

EHMF group showed a significant                   

improvement in BW and HC at discharge (p < 

0.01), a finding that was contrary to our                

results, which showed no significant                  

difference between groups.  Lastly, a 2012 

study76 (n = 95, < 31 weeks gestational age).  

EHMF (initiated at first feeds) and LHMF (50

-80ml/kg/day).  In line with our study, results 

showed no significant difference in weight 

gain and FI between groups.  Notably, this 

study also looked at bone mineral status and 

found that the EHMF group had a lower               

incidence of elevated alkaline phosphatase 

levels.   

 Across the multiple retrospective studies 

comparing EHMF and LHMF in preterm               

infants, results indicates that EHMF can lead 

to improved outcomes such as reduced EUGR, 

faster recover of BW and improved growth 

metrics including HC at discharge.  EHMF 

has also been associated with shorter hospital 

stays, lower incidence of FI and better bone 

mineral status.  However, findings also                

suggested variability in outcomes such as the 

incidence of CLD and NEC, with some               

studies noting no difference between EHMF 

and LHMF in these areas.  Overall, EHMF 

appears to offer several benefits in the care 

and development of preterm infants, although 

outcomes can vary depending on specific              

infant characteristics and study designs. 

 One RCT involving three arms                 

compared different fortification commence-

ment times. In a 2022 study,82 conducted in 

Hajar Hospital in Shahrekord, Iran, (n =  90, 

28-32 weeks and BW < 2,000g).  The study 

consisted of three fortifications = 90: Group A 

at 30cc/kg/day, Group B at 70cc/kg/day and 

Group C at 100ml/kg/day.  The study’s               

objectives was to investigate and compare the 

effects of early and late breast milk                    

fortification on growth parameters in preterm 

infants.   

 Despite being excluded from final               

analysis due to data incompatibility and lack 

of results for adverse outcomes (NEC, sepsis 

and nutritional intolerance).  Like our study, 

found no significant difference in growth                

parameters (length and HC) and clinical                

outcomes across groups.  Interestingly, Group 

B p < 0.05), showed significantly better 

weight gains than Groups A and C.  

 One multi-center survey study involving 

four arms compared no HMF, early, middle 

and late fortification groups.  In a 2022 
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study,83 conducted in China, 985 preterm              

infants with BW < 1,800g were involved.  

The study had three fortification groups               

comprising early started at < 80ml/kg/day, 

middle at 80-100ml/kg/day and late at > 

100ml/kg/day.  Like our study, no significant 

differences in the incidence of FI, NEC and 

late-onset sepsis.  However, our study              

identified some key differences, such as the 

middle fortification group considered LHMF 

in ours, exhibited the fastest growth velocity, 

the least dramatic decrease in z scores of 

weights and length and the lowest incidence 

of EUGR.  The no HMF group exhibited the 

slowest growth velocity, the most significant 

decline in z scores and the highest incidence 

of EUGR (61.6%).  This study also noted no 

significant difference in metabolic bone             

diseases in all groups (p > 0.05). 

 This study found that the timing HMF 

introduction, whether early or late, does not 

significantly impact preterm infants’ growth 

parameters, length of hospital course or               

adverse clinical outcomes.  This study aligns 

with a recent 2021 meta-analysis on the            

topic,59 reinforcing the understanding that              

addition of HMF to breast milk is a beneficial 

practice regardless of the specific timing of its 

introduction.  Moreover, it offers flexibility in 

clinical practice, allowing for a varied feeding 

fortification timings to suit the unique needs 

of preterm infants, making it a promising               

approach in neonatal care. Further research 

with larger sample sizes and stronger study 

designs is needed to provide more definitive 

evidence on the optimal timing of                         

fortification. 

 Our comprehensive systemic review and 

meta-analysis, which confirmed and               

strengthened the findings of most previous 

studies.  This has significant implications for 

future research and clinical practice.  Our 

findings support the conclusion that there is 

no difference in growth parameters, hospital 

outcomes and adverse clinical outcomes             

between EHMF and LHMF groups.  This is 

an important finding with the potential to 

guide future research and practice, leading to 

more informed and effective clinical                  

management of preterm infants. 

 It is imperative to highlight that the low 

certainty of evidence for most outcomes,              

indicating the urgent need for further research 

to confirm these findings. The low quality of 

evidence for most outcomes was due to a lack 

of blinding and small sample sizes.  However, 

this also presents an exciting opportunity for 

future trials to provide data on outcomes like 

post-discharge growth and long-term                     

outcomes, especially neurodevelopmental                

outcomes.   

 Future research with multi-centered 

RCTs with larger sample sizes, uniform              

Conclusion 
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definition, structured feeding and fortification 

approach and various fortifiers (HMBF and 

CMBF) could lead to significant                     

advancements in the field. We identified             

several studies useful for future research. 

(Appendix H) 

 We would like to express our gratitude 

to Drs. Ariel Salas, Richard Schanler, Gaurav 

Gupta and Brian Stansfield for generously 

sharing their insights and data from their             

trials.   

 Our heartfelt thanks also go to Drs. 

Charito D. Corpuz, Christine M. Guzman, 

Sharlene S. Seng and Ma. Lucilla M. Perez, 

for their unwavering encouragement and      

support, which made this paper possible. 

1. Ohuma EO, Moller AB, Bradley E, et 

al. National, regional, and global esti-

mates of preterm birth in 2020, with 

trends from 2010: a systematic analysis. 

Lancet. 2023 Oct 7;402(10409):1261-

1271 

2. CME Info - Child Mortality Estimates. 

childmortality.org.  Available from: 

https://childmortality.org/all-

causemortality/data?

indicator=MRM0&refArea=PHL 

3. What to make of the 2022 Philippine 

Birth Statistics? . UP Population Insti-

tute. 2024. Available from: https://

www.uppi.upd.edu.ph/news/2024/what-

to-make-of-the-2022-philippine-birth-

statistics 

4. American Academy of Pediatrics (AAP) 

The rapidity of advan. Available from: 

https://publications.aap.org/neoreviews/

article-abstract/19/11/e675/91950/The-

Rapidity-of-Advancement-of-Feedings-

in?redirectedFrom=fulltext 

5. Agostoni C, Buonocore G, Carnielli VP, 

et al. Enteral nutrient supply for preterm 

infants: commentary from the European 

Society of Paediatric Gastroenterology, 

Hepatology and Nutrition Committee on 

Nutrition. J Pediatr Gastroenterol Nutr. 

2010;50(1):85-91. doi:10.1097/

MPG.0b013e3181adaee0 

6. Fenton TR, Griffin IJ, Groh-Wargo S, et 

al. Very Low Birthweight Preterm In-

fants: A 2020 Evidence Analysis Center 

Evidence-Based Nutrition Practice 

Guideline. J Acad Nutr Diet. 2022;122

(1):182-206. doi:10.1016/

j.jand.2021.02.027 

7. Rustico SE, Calabria AC, Garber SJ. 

Metabolic bone disease of prematuri-

ty. J Clin Transl Endocrinol. 2014;1

(3):85-91. Published 2014 Jul 4. 

doi:10.1016/j.jcte.2014.06.004 

Acknowledgements 

References 

https://childmortality.org/all-causemortality/data?indicator=MRM0&refArea=PHL
https://childmortality.org/all-causemortality/data?indicator=MRM0&refArea=PHL
https://childmortality.org/all-causemortality/data?indicator=MRM0&refArea=PHL
https://www.uppi.upd.edu.ph/news/2024/what-to-make-of-the-2022-philippine-birth-statistics
https://www.uppi.upd.edu.ph/news/2024/what-to-make-of-the-2022-philippine-birth-statistics
https://www.uppi.upd.edu.ph/news/2024/what-to-make-of-the-2022-philippine-birth-statistics
https://www.uppi.upd.edu.ph/news/2024/what-to-make-of-the-2022-philippine-birth-statistics
https://publications.aap.org/neoreviews/article-abstract/19/11/e675/91950/The-Rapidity-of-Advancement-of-Feedings-in?redirectedFrom=fulltext
https://publications.aap.org/neoreviews/article-abstract/19/11/e675/91950/The-Rapidity-of-Advancement-of-Feedings-in?redirectedFrom=fulltext
https://publications.aap.org/neoreviews/article-abstract/19/11/e675/91950/The-Rapidity-of-Advancement-of-Feedings-in?redirectedFrom=fulltext
https://publications.aap.org/neoreviews/article-abstract/19/11/e675/91950/The-Rapidity-of-Advancement-of-Feedings-in?redirectedFrom=fulltext


 

Page 72  The PCMC Journal, Vol. 21 No. 2 

8. Faienza MF, D'Amato E, Natale MP, et 

al. Metabolic Bone Disease of Prema-

turity: Diagnosis and Manage-

ment. Front Pediatr. 2019;7:143. Pub-

lished 2019 Apr 12. doi:10.3389/

fped.2019.00143 

9. Embleton NE, Pang N, Cooke RJ. Post-

natal malnutrition and growth retarda-

tion: an inevitable consequence of cur-

rent recommendations in preterm in-

fants?. Pediatrics. 2001;107(2):270-

273. doi:10.1542/peds.107.2.270 

10. Torrazza RM, Neu J. The altered gut 

microbiome and necrotizing enterocol-

itis. Clin Perinatol. 2013;40(1):93-108. 

doi:10.1016/j.clp.2012.12.009 

11. Ehrenkranz RA, Younes N, Lemons JA, 

et al. Longitudinal growth of hospital-

ized very low birth weight in-

fants. Pediatrics. 1999;104(2 Pt 1):280-

289. doi:10.1542/peds.104.2.280 

12. Hay WW Jr. Aggressive Nutrition of 

the Preterm Infant. Curr Pediatr Rep. 

2013;1(4):10.1007/s40124-013-0026-4. 

doi:10.1007/s40124-013-0026-4 

13. Hay WW Jr, Lucas A, Heird WC, et al. 

Workshop summary: nutrition of the 

extremely low birth weight in-

fant. Pediatrics. 1999;104(6):1360-

1368. doi:10.1542/peds.104.6.1360 

14. Squires RH, Duggan C, Teitelbaum DH, 

et al. Natural history of pediatric intesti-

nal failure: initial report from the Pedi-

atric Intestinal Failure Consortium. J 

Pediatr. 2012;161(4):723-8.e2. 

doi:10.1016/j.jpeds.2012.03.062 

15.  Freitas BAC de, Priore SE, Lima LM, , 

et al. Extrauterine growth restriction: 

Universal problem among premature 

infants. Revista de Nutrição. 2016 

Feb;29(1):53–64. 

16. Dusick AM, Poindexter BB, Ehrenkranz 

RA, et al. Growth failure in the preterm 

infant: can we catch up?. Semin Perina-

tol. 2003;27(4):302-310. doi:10.1016/

s0146-0005(03)00044-2 

17. Gregory KE, Samuel BS, Houghteling 

P, et al. Influence of maternal breast 

milk ingestion on acquisition of the in-

testinal microbiome in preterm in-

fants. Microbiome. 2016;4(1):68. Pub-

lished 2016 Dec 30. doi:10.1186/s40168

-016-0214-x 

18. Grier A, Qiu X, Bandyopadhyay S, et 

al. Impact of prematurity and nutrition 

on the developing gut microbiome and 

preterm infant growth. Microbiome. 

2017 Dec 11;5(1):158. 

19. American Academy of Pediatrics. 

Breastfeeding and the Use of Human 

Milk. Section on Breastfeeding. Breast-

feeding and the use of human milk. Pe-

diatrics. 2012 Mar;129(3):e827-41.  



 

 
Page 73  The PCMC Journal, Vol. 21 No. 2 

20. ESPGHAN Committee on Nutrition, 

Arslanoglu S, Corpeleijn W, et al. Donor 

human milk for preterm infants: current 

evidence and research directions. J Pedi-

atr Gastroenterol Nutr. 2013;57(4):535-

542. doi:10.1097/

MPG.0b013e3182a3af0a 

21. Committee on Nutrition AAP; Abrams 

S, Landers S, Noble L, et al. Human 

Milk for the High-Risk Infant: Prepara-

tion, Safety, and Usage Options in the 

United States. Pediatrics. 2016 Dec 

19;139(1):e20163440. Available from: 

https://pediatrics.aappublications.org/

content/139/1/e20163440  

22. Quigley M, Embleton ND, McGuire W. 

Formula versus donor breast milk for 

feeding preterm or low birth weight in-

fants. Cochrane Database Syst Rev. 

2019;7(7):CD002971. Published 2019 

Jul 19. 

doi:10.1002/14651858.CD002971.pub5 

23. Meier P, Patel A, Esquerra-Zwiers A. 

Donor Human Milk Update: Evidence, 

Mechanisms, and Priorities for Research 

and Practice. J Pediatr. 2017;180:15-21. 

doi:10.1016/j.jpeds.2016.09.027 

24. Friend LL, Perrin MT. Fat and Protein 

Variability in Donor Human Milk and 

Associations with Milk Banking Pro-

cesses. Breastfeed Med. 2020;15(6):370-

376. doi:10.1089/bfm.2020.0046 

25. Gidrewicz DA, Fenton TR. A systematic 

review and meta-analysis of the nutrient 

content of preterm and term breast 

milk. BMC Pediatr. 2014;14:216. Pub-

lished 2014 Aug 30. doi:10.1186/1471-

2431-14-216 

26. Simpson JH, McKerracher L, Cooper A, 

et al. Optimal Distribution and Utiliza-

tion of Donated Human Breast Milk. J 

Hum Lact. 2016;32(4):730-734. 

doi:10.1177/0890334416653738 

27. Ballard O, Morrow AL. Human milk 

composition: nutrients and bioactive fac-

tors. Pediatr Clin North Am. 2013;60

(1):49-74. doi:10.1016/j.pcl.2012.10.002 

28. Hawthorne KM, Abrams SA. Safety and 

efficacy of human milk fortification for 

very-low-birthweight infants. Nutr Rev. 

2004;62(12):482-485. doi:10.1111/

j.1753-4887.2004.tb00020.x 

29. American Academy of Pediatrics. Pedi-

atric Nutrition Handbook. 6th ed. Wash-

ington, DC: American Academy of Pedi-

atrics; 2009  

30. Care for preterm or Low birthweight 

infants group: Darmstadt GL, Jaifi A, 

Arif S, et al. New World Health Organi-

zation recommendations for care of pre-

term or low birth weight infants: health 

policy. EClinicalMedicine. 2023 Aug 

16;63:102155.  

https://pediatrics.aappublications.org/content/139/1/e20163440
https://pediatrics.aappublications.org/content/139/1/e20163440


 

Page 74  The PCMC Journal, Vol. 21 No. 2 

31. Embleton ND, Moltu S, Lapillonne A, 

et al. Enteral Nutrition in Preterm In-

fants (2022): A Position Paper From 

the ESPGHAN Committee on Nutri-

tion and Invited Experts. J Pediatr Gas-

troenterol Nutr. 2023 Feb 1;76(2):248-

268. Available from: https://

journals.lww.com/jpgn/abstract/9900/

enter-

al_nutrition_in_preterm_infants__2022

___a.204.aspx 

32. Tsang RC, Uauy R, Koletzko B, et al. 

Nutrition of the Preterm Infant: Scien-

tific Basis and Practical Guidelines. 

researchonline.lshtm.ac.uk. Cincinnati, 

Ohio, USA: Digital Educational Pub-

lishing, Inc.; 2005. Available from: 

https://researchonline.lshtm.ac.uk/id/

eprint/12598/ 

33. Koo W, Tice H. Human Milk Fortifi-

ers Do Not Meet the Current Recom-

mendation for Nutrients in Very Low 

Birth Weight Infants. JPEN J Parenter 

Enteral Nutr. 2018;42(4):813-820. 

doi:10.1177/0148607117713202 

34. Basu S, Upadhyay J, Singh P, et al. 

Early versus late fortification of breast 

milk in preterm infants: a systematic 

review and meta-analysis. Eur J Pedi-

atr. 2020;179(7):1057-1068. 

doi:10.1007/s00431-020-03677-6 

35. Thanigainathan S, Abiramalatha T. 

Early fortification of human milk ver-

sus late fortification to promote growth 

in preterm infants. Cochrane Database 

Syst Rev. 2020;7(7):CD013392. Pub-

lished 2020 Jul 29. 

doi:10.1002/14651858.CD013392.pub

2 

36. Brown JV, Lin L, Embleton ND, et al. 

Multi-nutrient fortification of human 

milk for preterm infants. Cochrane 

Database Syst Rev. 2020;6

(6):CD000343. Published 2020 Jun 3. 

doi:10.1002/14651858.CD000343.pub

4 

37. Maggio L, Costa S, Gallini F. Human 

milk fortifiers in very low birth weight 

infants. Early Hum Dev. 2009;85(10 

Suppl):S59-S61. doi:10.1016/

j.earlhumdev.2009.08.018 

38. Kuschel CA, Harding JE. Multicompo-

nent fortified human milk for promot-

ing growth in preterm infants. 

Cochrane Database Syst Rev. 2004;

(1):CD000343. doi: 

10.1002/14651858.CD000343.pub2. 

Update in: Cochrane Database Syst 

Rev. 2016 May 08;(5):CD000343.  

39. Ewer AK, Yu VY. Gastric emptying in 

pre-term infants: the effect of breast 

milk fortifier. Acta Paediatr. 1996;85

(9):1112-1115. doi:10.1111/j.1651-

2227.1996.tb14227.x 

https://journals.lww.com/jpgn/abstract/9900/enteral_nutrition_in_preterm_infants__2022___a.204.aspx
https://journals.lww.com/jpgn/abstract/9900/enteral_nutrition_in_preterm_infants__2022___a.204.aspx
https://journals.lww.com/jpgn/abstract/9900/enteral_nutrition_in_preterm_infants__2022___a.204.aspx
https://journals.lww.com/jpgn/abstract/9900/enteral_nutrition_in_preterm_infants__2022___a.204.aspx
https://journals.lww.com/jpgn/abstract/9900/enteral_nutrition_in_preterm_infants__2022___a.204.aspx
https://researchonline.lshtm.ac.uk/id/eprint/12598/
https://researchonline.lshtm.ac.uk/id/eprint/12598/


 

 
Page 75  The PCMC Journal, Vol. 21 No. 2 

40. Armand M, Hamosh M, Mehta NR, et 

al. Effect of human milk or formula on 

gastric function and fat digestion in the 

premature infant. Pediatr Res. 1996;40

(3):429-437. doi:10.1203/00006450-

199609000-00011 

41. Takahashi K.; Mizuno K.; Itabashi 

K., The freeze-thaw process and long 

intervals after fortification denature hu-

man milk fat globules. Am J Perinatol 

y2012, 29 (4), 283–8. doi: 10.1055/s-

0031-1295659  

42. Zou XQ, Guo Z, Huang JH, et al. Hu-

man milk fat globules from different 

stages of lactation: a lipid composition 

analysis and microstructure characteri-

zation. J Agric Food Chem. 2012;60

(29):7158-7167. doi:10.1021/jf3013597 

43.  Jensen R. G., Fat-soluble vitamins in 

bovine milk. In Handbook of milk com-

position, Elsevier: 1995; pp 718–725. 

44. Yoshida Y, Azuma M, Kuwabara H, et 

al. Human milk-based fortifier is associ-

ated with less alteration of milk fat 

globule size than cow milk-based forti-

fier. PLoS One. 2021;16(12):e0257491. 

Published 2021 Dec 7. doi:10.1371/

journal.pone.0257491 

45. De Curtis M, Candusso M, Pieltain C, et 

al. Effect of fortification on the osmo-

lality of human milk. Arch Dis Child 

Fetal Neonatal Ed. 1999;81(2):F141-

F143. doi:10.1136/fn.81.2.f141 

46. Jocson MA, Mason EO, Schanler RJ. 

The effects of nutrient fortification and 

varying storage conditions on host de-

fense properties of human 

milk. Pediatrics. 1997;100(2 Pt 1):240-

243. doi:10.1542/peds.100.2.240 

47. Premkumar MH, Pammi M, Suresh G. 

Human milk-derived fortifier versus 

bovine milk-derived fortifier for preven-

tion of mortality and morbidity in pre-

term neonates. Cochrane Database Syst 

Rev. 2019;2019(11):CD013145. Pub-

lished 2019 Nov 7. 

doi:10.1002/14651858.CD013145.pub2 

48. Ginglen JG, Butki N. Necrotizing En-

terocolitis. In: StatPearls. Treasure Is-

land (FL): StatPearls Publishing; Au-

gust 8, 2023. 

49. Afzal B, Elberson V, McLaughlin C, et 

al. Early onset necrotizing enterocolitis 

(NEC) in premature twins. J Neonatal 

Perinatal Med. 2017;10(1):109-112. 

doi:10.3233/NPM-1616 

50. Cuna A, George L, Sampath V. Genetic 

predisposition to necrotizing enterocol-

itis in premature infants: Current 

knowledge, challenges, and future di-

rections. Semin Fetal Neonatal Med. 

2018;23(6):387-393. doi:10.1016/

j.siny.2018.08.006 



 

Page 76  The PCMC Journal, Vol. 21 No. 2 

51. Battersby C, Santhalingam T, Costeloe 

K, et al. Incidence of neonatal necrot-

ising enterocolitis in high-income 

countries: a systematic review. Arch 

Dis Child Fetal Neonatal Ed. 

2018;103(2):F182-F189. doi:10.1136/

archdischild-2017-313880 

52. Fell JM. Neonatal inflammatory intes-

tinal diseases: necrotising enterocolitis 

and allergic colitis. Early Hum Dev. 

2005;81(1):117-122. doi:10.1016/

j.earlhumdev.2004.10.001 

53. Weaver LT, Laker MF, Nelson R. In-

testinal permeability in the new-

born. Arch Dis Child. 1984;59(3):236-

241. doi:10.1136/adc.59.3.236 

54. Mihi B, Good M. Impact of Toll-Like 

Receptor 4 Signaling in Necrotizing 

Enterocolitis: The State of the Sci-

ence. Clin Perinatol. 2019;46(1):145-

157. doi:10.1016/j.clp.2018.09.007 

55. Firmal P, Shah VK, Chattopadhyay S. 

Insight Into TLR4-Mediated Immuno-

modulation in Normal Pregnancy and 

Related Disorders. Front Immunol. 

2020;11:807. Published 2020 May 19. 

doi:10.3389/fimmu.2020.00807 

56. Berrington JE, Hearn RI, Bythell M, et 

al. Deaths in preterm infants: changing 

pathology over 2 decades. J Pediatr. 

2012;160(1):49-53.e1. doi:10.1016/

j.jpeds.2011.06.046 

57. Hickey M, Georgieff M, Ramel S. 

Neurodevelopmental outcomes follow-

ing necrotizing enterocolitis. Semin 

Fetal Neonatal Med. 2018;23(6):426-

432. doi:10.1016/j.siny.2018.08.005 

58. Abdelhamid AE, Chuang SL, Hayes P, 

Fell JM. Evolution of in vitro cow's 

milk protein-specific inflammatory 

and regulatory cytokine responses in 

preterm infants with necrotising enter-

ocolitis. J Pediatr Gastroenterol Nutr. 

2013;56(1):5-11. doi:10.1097/

MPG.0b013e31826ee9ec.  

59. Swanson JR, Becker A, Fox J, et al. 

Implementing an exclusive human 

milk diet for preterm infants: real-

world experience in diverse NI-

CUs. BMC Pediatr. 2023;23(1):237. 

Published 2023 May 12. doi:10.1186/

s12887-023-04047-5 

60. Hair AB, Hawthorne KM, Chetta KE, 

et al. Human milk feeding supports 

adequate growth in infants ≤ 1250 

grams birth weight. BMC Res Notes. 

2013;6:459. Published 2013 Nov 13. 

doi:10.1186/1756-0500-6-459 

61. Fleig L, Hagan J, Lee ML, et al. 

Growth outcomes of small for gesta-

tional age preterm infants before and 

after implementation of an exclusive 

human milk-based diet. J Perinatol. 



 

 
Page 77  The PCMC Journal, Vol. 21 No. 2 

 2021;41(8):1859-1864. doi:10.1038/

s41372-021-01082-x 

62. Hilditch C, Keir A, Collins CT, et al. 

Early versus delayed introduction of 

human milk fortification in enterally fed 

preterm infants: A systematic review 

and meta-analysis. J Paediatr Child 

Health. 2022;58(1):30-38. doi:10.1111/

jpc.15810 

63. Sullivan S, Schanler RJ, Kim JH, et al. 

An exclusively human milk-based diet 

is associated with a lower rate of ne-

crotizing enterocolitis than a diet of hu-

man milk and bovine milk-based prod-

ucts. J Pediatr. 2010 Apr;156(4):562-

7.e1. doi: 10.1016/j.jpeds.2009.10.040. 

Epub 2009 Dec 29.  

64. Shah SD, Dereddy N, Jones TL, et al. 

Early versus Delayed Human Milk For-

tification in Very Low Birth Weight In-

fants-A Randomized Controlled Trial. J 

Pediatr. 2016;174:126-131.e1. 

doi:10.1016/j.jpeds.2016.03.056 

65. Alizadeh Taheri P, Sajjadian N, Asghar-

yan Fargi M, et al. Is early breast milk 

fortification more effective in preterm 

infants?: a clinical trial. J Perinat Med. 

2017;45(8):953-957. doi:10.1515/jpm-

2015-0375 

66. Salas AA, Gunawan E, Nguyen K, et al. 

Early Human Milk Fortification in In-

fants Born Extremely Preterm: A Ran-

domized Trial. Pediatrics. 2023;152

(3):e2023061603. doi:10.1542/

peds.2023-061603 

67. Wynter Z, Gorham JA, Thompson AB, 

et al. Immediate fortification of human 

milk with a bovine milk-derived human 

milk fortifier in very low birth weight 

infants: a randomized clinical trial. J 

Perinatol. Published online May 9, 

2024. doi:10.1038/s41372-024-01998-0 

68. Gupta G, Murugesan A, Thanigainathan 

S, et al. Does Early Fortification of Hu-

man Milk Decrease Time to Regain 

Birth Weight as Compared to Late For-

tification Among Preterm Infants? - A 

Randomized Controlled Trial. Indian J 

Pediatr. Published online February 28, 

2024. doi:10.1007/s12098-024-05066-5 

69. Nutricia Human Milk Fortifier 2023. 

Available from: https://nutricia.com.au/

paediatrics/wp-content/uploads/

sites/6/2023/09/

Nutri-

cia_Human_Milk_Fortifier_Fact_Sheet

_July_2024.pdf 

70. Enfamil Human Milk Fortifier Liquid.  

Available from: https://

hcp.meadjohnson.com/s/product/

a4R4J000000PpQRUA0/enfamil-liquid-

human-milk-fortifier-high-protein  

71. Abbott Nutrition, Similac Human milk 

https://nutricia.com.au/paediatrics/wp-content/uploads/sites/6/2023/09/Nutricia_Human_Milk_Fortifier_Fact_Sheet_July_2024.pdf
https://nutricia.com.au/paediatrics/wp-content/uploads/sites/6/2023/09/Nutricia_Human_Milk_Fortifier_Fact_Sheet_July_2024.pdf
https://nutricia.com.au/paediatrics/wp-content/uploads/sites/6/2023/09/Nutricia_Human_Milk_Fortifier_Fact_Sheet_July_2024.pdf
https://nutricia.com.au/paediatrics/wp-content/uploads/sites/6/2023/09/Nutricia_Human_Milk_Fortifier_Fact_Sheet_July_2024.pdf
https://nutricia.com.au/paediatrics/wp-content/uploads/sites/6/2023/09/Nutricia_Human_Milk_Fortifier_Fact_Sheet_July_2024.pdf
https://nutricia.com.au/paediatrics/wp-content/uploads/sites/6/2023/09/Nutricia_Human_Milk_Fortifier_Fact_Sheet_July_2024.pdf
https://hcp.meadjohnson.com/s/product/a4R4J000000PpQRUA0/enfamil-liquid-human-milk-fortifier-high-protein
https://hcp.meadjohnson.com/s/product/a4R4J000000PpQRUA0/enfamil-liquid-human-milk-fortifier-high-protein
https://hcp.meadjohnson.com/s/product/a4R4J000000PpQRUA0/enfamil-liquid-human-milk-fortifier-high-protein
https://hcp.meadjohnson.com/s/product/a4R4J000000PpQRUA0/enfamil-liquid-human-milk-fortifier-high-protein


 

Page 78  The PCMC Journal, Vol. 21 No. 2 

fortifier.  Available from: https://

www.abbottnutrition.com/our-

products/similac-human-milk-fortifier-

concentrated-liquid  

72. Lactodex HMF powder.  Available 

from: https://www.1mg.com/otc/

lactodex-hmf-powder 

73. Prolacta Bioscience.  Available from: 

https://www.prolacta.com/en/resource-

library/nutrition-information/ 

74. Alyahya, W, Simpson J, Garcia A, et 

al. Early versus Delayed Fortification 

of Human Milk in Preterm Infants: A 

Systematic Review. Neonatology, 117

(1), 24–32. https://

doi.org/10.1159/000501279 

75. Godden B, Collins CT, Hilditch C, et 

al.  Does early compared to late fortifi-

cation of human milk for preterm in-

fants improve clinical out-

comes?. Journal of paediatrics and 

child health, 55(7), 867–872. https://

doi.org/10.1111/jpc.14499 

76. Tillman S, Brandon DH, Silva SG. 

Evaluation of human milk fortification 

from the time of the first feeding: ef-

fects on infants of less than 31 weeks 

gestational age. J Perinatol. 2012;32

(7):525-531. doi:10.1038/jp.2011.140 

77. Lapointe M, Barrington KJ, Savaria 

M, et al. Preventing postnatal growth 

restriction in infants with birthweight 

less than 1300 g. Acta Paediatr. 

2016;105(2):e54-e59. doi:10.1111/

apa.13237 

78. Wan X, Wang W, Liu J, et al. Estimat-

ing the sample mean and standard de-

viation from the sample size, median, 

range and/or interquartile range. BMC 

Med Res Methodol. 2014;14:135. Pub-

lished 2014 Dec 19. doi:10.1186/1471-

2288-14-135 

79. Daniel J, Jung RD, Hiatt M, et al. Ear-

ly human milk fortification of growth 

outcomes in infants < 1500g: a retro-

spective study.  Available from: 

https://njaap.org/wp-content/

uploads/2022/06/Poster_Josh-Daniel-

002.pdf 

80. Ma XW, Fan WQ. Earlier Nutrient 

Fortification of Breastmilk Fed LBW 

Infants Improves Jaundice Related 

Outcomes. Nutrients. 2020;12

(7):2116. Published 2020 Jul 17. 

doi:10.3390/nu12072116 

81. Huston R, Lee M, Rider E, et al. Early 

fortification of enteral feedings for in-

fants <1250 grams birth weight receiv-

ing a human milk diet including hu-

man milk based fortifier. J Neonatal 

Perinatal Med. 2020;13(2):215-221. 

doi:10.3233/NPM-190300 

https://www.abbottnutrition.com/our-products/similac-human-milk-fortifier-concentrated-liquid
https://www.abbottnutrition.com/our-products/similac-human-milk-fortifier-concentrated-liquid
https://www.abbottnutrition.com/our-products/similac-human-milk-fortifier-concentrated-liquid
https://www.abbottnutrition.com/our-products/similac-human-milk-fortifier-concentrated-liquid
https://www.1mg.com/otc/lactodex-hmf-powder
https://www.1mg.com/otc/lactodex-hmf-powder
https://www.prolacta.com/en/resource-library/nutrition-information/
https://www.prolacta.com/en/resource-library/nutrition-information/
https://doi.org/10.1111/jpc.14499
https://doi.org/10.1111/jpc.14499
https://njaap.org/wp-content/uploads/2022/06/Poster_Josh-Daniel-002.pdf
https://njaap.org/wp-content/uploads/2022/06/Poster_Josh-Daniel-002.pdf
https://njaap.org/wp-content/uploads/2022/06/Poster_Josh-Daniel-002.pdf


 

 
Page 79  The PCMC Journal, Vol. 21 No. 2 

82. Hamidi M, Asadpour N, Choopani R.  

Investigation of the effect of early and 

late breastmilk enrichment on growth 

parameters in preterm infants: A ran-

domized clinical trial. J Shahrekord 

Univ of Med Sci.   

83. Lin R, Shen W, Wu F, et al. Human 

Milk Fortification in Very Preterm In-

fants in China: A Multicenter Sur-

vey. Front Pediatr. 2022;10:795222. 

Published 2022 Feb 23. doi:10.3389/

fped.2022.795222 




