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ABSTRACT

Aim: Human milk-based fortifiers (HMBFs) have been adopted in neonatal care despite limited efficacy data. Our objective
was to conduct a Bayesian re-analysis of the current evidence on the protective effect of HMBF against necrotising enterocolitis
(NEC, stage II-III).

Methods: We searched for randomised controlled trials (RCTs) comparing HMBF versus bovine milk-based fortifier (BMBF)
in infants with gestational age <32weeks or birthweight <1500g. Bayesian model-averaged (BMA) meta-analysis was used to
calculate Bayes factors (BFs). The BF |, is the ratio of the probability of the data under the alternative hypothesis (H,, presence of
effect) over the probability of the data under the null hypothesis (H,, absence of effect).

Results: We included 3 RCTs (405 infants). The BMA analysis did not show conclusive evidence in favour of H; (BF,,> 3) or in
favour of H;, (BF,,<1/3) for NEC (BF,,=0.86), mortality (BF,,=1.07), late onset sepsis (BF,,=0.69), bronchopulmonary dyspla-
sia (BPD, BF,,=0.92), or severe retinopathy of prematurity (ROP, BF,;=0.75).

Conclusions: The extant corpus of RCTs does not provide sufficient evidence to either confirm or exclude a potential effect of
HMBF compared with BMBF on the risk of NEC, mortality, sepsis, BPD, or severe ROP.

1 | Introduction be used [1-3]. However, neither mother's own milk nor donor

Mother's own milk is the first choice for feeding preterm infants,
according to the recommendations of the European Society for
Paediatric Gastroenterology Hepatology and Nutrition and the
American Academy of Paediatrics [1-3]. When mother's own
milk is not available, pasteurised donor human milk should

human milk provides sufficient amounts of nutrients for very
preterm and very low birth weight infants when fed at usual
feeding volumes. Therefore, nutrient fortification of mother's
own milk and donor human milk is necessary to prevent post-
natal growth retardation. This condition has been associated
with the risk of neurocognitive impairment and other adverse

Abbreviations: BF, Bayes factor; Bovine MBF, Bovine milk-based fortifier; H, Null hypothesis; H,, Alternative hypothesis; Human MBF, Human milk-based fortifier;

NEC, necrotising enterocolitis; RR, Risk ratio.
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Summary

« Human milk-based fortifiers have been adopted in ne-
onatal care despite their high cost and limited efficacy
data.

» Bayesian statistical inference allows one to distin-
guish between the presence of an effect, the absence
of an effect (evidence of absence), or insufficient data
(absence of evidence).

« This Bayesian meta-analysis of three randomised con-
trolled trials showed an absence of evidence of bene-
ficial effects of human milk-based fortifiers compared
with bovine milk-based fortifiers.

outcomes such as retinopathy of prematurity and bronchopul-
monary dysplasia [4-6].

Current formulations of human milk fortifiers are predomi-
nantly derived from bovine milk and based on estimates of the
nutrient content of human milk and the recommended intake of
macro and micronutrients for the preterm infant [4, 5, 7]. The
increasing use of donor human milk as the preferred alterna-
tive to preterm formula has led to the consideration of avoiding
bovine milk-based products completely in the most vulnerable
preterm infants. Human milk-based fortifiers (human MBFs)
are commercially available and have been adopted in neonatal
care despite their high cost and limited efficacy data [4, 7-10].

The main theoretical advantage of human MBF over bovine
MBF has been extrapolated from the studies demonstrating the
association between preterm formula and increased incidence of
necrotising enterocolitis (NEC) [11]. However, the evidence sup-
porting the use of human MBF in preterm infants has been lim-
ited. Several meta-analyses have been conducted in recent years
that have attempted to synthesise this evidence [12-14]. Some of
these meta-analyses have shown positive results for the use of
human MBF in outcomes such as NEC, bronchopulmonary dys-
plasia, or mortality [13, 14]. Nevertheless, these meta-analyses
differed in the inclusion criteria of studies, and some of them
included trials with formula-fed infants in the control group, or
studies that were not randomised controlled trials.

The aim of the present study was to update previous meta-
analyses of randomised controlled trials on the potential protec-
tive effect of human MBF against NEC compared with bovine
MBEF. In addition, the results were reanalyzed using a Bayesian
approach. Meta-analyses are frequently based on a very small
number of randomised controlled trials, which may also have
modest sample sizes [15, 16]. Consequently, the reported ef-
fects are frequently deemed non-significant, as defined by a
p-value above 0.05 in frequentist null hypothesis significance
testing. However, it is challenging to discern whether these non-
significant results support the null hypothesis (H), yielding ev-
idence for the absence of an effect, or are simply not informative
[17-21]. In contrast to frequentist H significance testing, which
focuses exclusively on H, Bayesian hypothesis testing aims to
quantify the relative plausibility of the alternative hypothesis
(H,) and H,, [17-21]. Bayes factors (BFs) are values that indicate
the strength of evidence in the data that favour one hypothesis

over another, by comparing the probability of one hypothesis
being true over the probability of the other being true, given the
observed data [17-21]. This allows for more nuanced conclu-
sions rather than all-or-none, significant versus non-significant,
conclusions and can help distinguish between evidence of ab-
sence and absence of evidence [17, 18, 22].

2 | Methods
2.1 | Research Question and Literature Search

This study was an update and reanalysis of previous meta-
analyses on the use of human MBF in infants with gestational
age below 32weeks and/or birth weight below 1500g. The pro-
tocol was registered in PROSPERO international prospective
register of systematic reviews (CRD42023490856). The primary
outcome was NEC (Bell stage II-IIT). Secondary outcomes were
mortality, late-onset sepsis (>72h), moderate-to-severe bron-
chopulmonary dysplasia, defined as supplemental oxygen or
respiratory support at 36 weeks of postmenstrual age, and reti-
nopathy of prematurity. The research question was constructed
based on the Population Intervention Control Outcome (PICO)
principle: in very preterm (gestational age < 32weeks) or very
low birth weight (birth weight <1500g) infants, does human
MBEF reduce the risk of developing NEC compared to bovine
MBF? We conducted a search using the terms (human milk
fort*) AND (meta-analysis) in PubMed, Web of Science, Google
Scholar and the Cochrane Database of Systematic Reviews.
The search was conducted from the inception of the databases
to May 30, 2024. We selected the meta-analyses that answered
our research question and reviewed the original studies that
had been included in each meta-analysis. Each study was re-
evaluated for inclusion in the updated analysis. The inclusion
criteria were as follows: (1) Only randomised controlled trials,
(2) gestational age <32weeks and/or birth weight <1500g, (3)
the intervention group received mothers' own milk and/or donor
human milk fortified with commercially available human MBF,
(4) the control group received mothers' own milk and/or donor
human milk fortified with bovine MBF, and (5) NEC or any of
the secondary outcomes were reported. Randomised controlled
trials in which the infants in the control group received any
amount of preterm formula were excluded.

In order to include randomised controlled trials published after
the publication date of the meta-analyses, we conducted an ad-
ditional search in the above databases using the search terms
((“human milk-based”) OR (“human milk-derived”)) AND (ran-
domised controlled trial). The search was complemented by the
so-called snowballing technique, whereby the reference lists
(backward snowballing) and/or citations (forward snowballing)
of meta-analyses and randomised controlled trials already in-
cluded in the review were examined [23].

2.2 | Data Extraction and Risk of Bias Assessment

Two authors (E.V., M.J.H.) screened all the potential studies,
identified and included the articles that met the inclusion cri-
teria, conducted the data extraction, and undertook risk of
bias assessment, using the revised Cochrane risk of bias tool
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for randomised trials (RoB-2) [24]. Two authors (G.V., M.L.G.)
reviewed the included and excluded articles, the data for ac-
curacy and completeness, and the risk of bias assessment.
Disagreements on any of these items were resolved by consensus
among the reviewers.

2.3 | Statistical Analysis

The logarithm of the risk ratio (RR) and the corresponding
standard errors of each individual study were calculated using
Comprehensive Meta-analysis V4.0 software (Biostat Inc., New
Jersey, USA). The results were further pooled and analysed by a
Bayesian model-averaged meta-analysis [17, 18]. We performed
the Bayesian model-averaged meta-analysis in JASP, which uti-
lises the freely available metaBMA R package (https://CRAN.
R-project.org/package=metaBMA) [25, 26]. Bayesian model-
averaged analysis employs BFs and Bayesian model-averaging
to evaluate the likelihood of the data under the combination
of models assuming the presence vs. the absence of the meta-
analytic effect and heterogeneity [17, 18]. The BF, is the ratio of
the probability of the data under H, over the probability of the
data under H. The BF,, was interpreted using the evidence cat-
egories suggested by Lee and Wagenmakers [27]. The evidence
in favour of H, (BF,,> 1) was categorised as weak/inconclusive
(1<BF,,<3), moderate (3<BF,;<10), strong (10 <BF,,<30),
very strong (30<BF,,<100), and extreme (BF,>100). The
evidence in favour of H (BF,;< 1) was categorised as weak/in-
conclusive (1/3 <BF,;,<1), moderate (1/10<BF,,<1/3), strong
(1/30<BF,,<1/10), very strong (1/100<BF,,<1/30), and ex-
treme (BF,,<1/100). The BF ; (random/fixed) is the ratio of the
probability of the data under the random effects model over the
probability of the data under the fixed effect model. We used
robust Bayesian meta-analysis to assess the robustness of the
results to the potential presence of publication bias, which was
expressed as BF,; . [28]. The categories of strength of the evi-
dence in favour of the random effects (BF ;> 1) or the fixed effect
(BF,;<1), and for presence vs. absence of publication bias (BF,
>1vs. BF,,, . <1) were similar to those described above for the
BF,,. We also calculated the BF, for each individual study with
approximate normal BFs for logRR [29, 30].

For all the calculations, we used the empirical prior distribu-
tions based on the Cochrane Database of Systematic Reviews
for logRR; logRR-Student-t (u=0, 0=0.32, v=3), tau =Inverse-
Gamma (k=1.51, 6=0.23) [18, 31].

3 | Results

We found five meta-analyses [12, 13, 32-34] that investigated
the use of human MBF and these included seven randomised
controlled trials [35-41]. When we applied our inclusion and ex-
clusion criteria to these trials, only two studies met the criteria
[37, 41]. The reason for exclusion of two studies was the use of
preterm formula in the control group [35, 36]. Three other stud-
ies were excluded because they used a human MBF that was not
commercially available [38-40].

Our additional search for randomised controlled trials not in-
cluded in the meta-analyses yielded four trials [42-45]. One of

these trials [42] met our inclusion criteria, and three [43-45] were
excluded because the control group also received preterm for-
mula. Therefore, three randomised controlled trials were finally
included in the Bayesian meta-analysis [37, 41, 42]. Although the
study by Sullivan et al. [35] was excluded, the meta-analysis by
Galis et al. included a subset of this study in which infants who
had received preterm formula were excluded [14]. This subset
did not meet the criteria of a randomised controlled trial and
therefore was not included in our meta-analysis. However, we
conducted a complementary analysis in order to assess the im-
pact of including this subset in the meta-analysis (Table S1).

The characteristics of the included trials are shown in Table 1.
The characteristics of the five studies that employed commer-
cially available human MBF but were excluded from the analysis
are shown in Table S2. The assessment of risk of bias is shown in
Table S3. The intervention was not blinded in two trials [41, 42].
Therefore, the studies of Jensen et al. [41] and Kotha et al. [42]
were rated as having some concerns in the domain of bias due
to deviations from intended interventions. The study of Kotha
et al. [42] was also rated as having some concerns in the domain
of bias in measurement of the outcome.

The results of the Bayesian model-averaged analysis are shown
in Figures 1 and 2. Results are expressed as RR and 95% credible
interval. For both the primary outcome (NEC, Figure 1A) and
the secondary outcomes (Figures 1B and 2), the Bayesian model-
averaged analysis did not show conclusive evidence in favour of
H, (BF,,<1/3) or in favour of H, (BF,,> 3). In addition, none of
the individual studies provided conclusive evidence in favour of
H, or H, (Figures 1 and 2). The evidence in favour of high or low
heterogeneity was also inconclusive (1/3<BF; <3). Detailed
heterogeneity data are provided in Table S4. Robust Bayesian
meta-analysis found no conclusive evidence for publication bias
(BF,;, <3, Table S5). The study of Jensen et al. [41] was the only
one that reported on surgical NEC. The evidence for this out-
come was also inconclusive (RR 0.98, 95% credible interval 0.25
to 3.83, BF,,=0.99).

Although the Kotha et al. study [42] met the criterion of includ-
ing infants with birth weight <1500g, it included infants with
a higher gestational age than the other two trials. Therefore, a
subgroup analysis was performed combining the O'Connor et al.
[37] and Jensen et al. [41] studies separately from the Kotha et al.
study. As shown in Figures 1 and 2, the BF values were also in-
conclusive when only these two trials were analysed.

4 | Discussion

Randomised controlled trials and meta-analyses that evalu-
ate interventions in neonatology are generally analysed using
frequentist statistics. However, interpretations of frequentist
analyses might conflate indeterminate and truly negative re-
sults. This can lead to the abandonment of therapies for which
clinical benefit has not been ruled out [46]. By estimating the
probability of intervention effect rather than the probability
of obtaining the observed effect or greater under H,, Bayesian
analysis provides a more direct assessment of the strength of
the evidence for or against an intervention [46]. None of the 4
randomised controlled trials s included in this meta-analysis
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Characteristics of the included studies.

TABLE 1

Mean GA
and mean

Sample size

End of the
intervention

Fortification

Formulation HMBF

(HMBF vs.

Inclusion

and BMBF started at

Primary outcomes

BW

BMBF)

criteria

Study (Country)

34weeks PMA

100mL/kg/day

Humavant +6 (Prolacta,
USA) vs. BBMF of the

Composite of NEC
stage II-I11, Culture

115vs. 113 25.8 weeks

GA <28 weeks

Jensen, 2024 (Sweden)

and 790g

responsible unit

proven sepsis

and mortality

Discharge

Neolact MMF (Neolacta, Not specified

Growth

25vs. 25 30.6weeks
and 1500¢g

GA < 34weeks
and BW <1500

Kotha, 2022 (India)

India) vs. Lactodex
HMF (Raptakos, Brett

& Co Ltd., India) MMF”

(Neolacta, India)

84 days of age,

discharge,
complete oral feeds

100mL/kg/day

Prolact +4/Prolact +6/

Feeding interruption

64 vs. 63 27.7weeks

BW<1250g

O'Connor, 2018
(Canada)

or>2

Prolact +8 (Prolacta,
USA) vs. Similac Human

and 888¢g

daily over 3days

Milk Fortifier Powder,

(Abbott Nutrition, USA)

Abbreviations: BMBF, bovine milk-based fortifier; BW, birth weight; GA, gestational age; HMBF, human milk-based fortifier; PMA, postmenstrual age.

found a statistically significant effect (p < 0.05) of human MBF
for any of the outcomes analysed. Furthermore, no statisti-
cally significant results were observed when the trials were
pooled in the meta-analysis. The Bayesian approach enables
the assessment of whether these non-significant results indi-
cate evidence of no effect or absence of evidence. In the first
case, the null hypothesis of no effect should be accepted. In
the second case, evidence is insufficient to accept or exclude
the effect of the intervention. In the present Bayesian meta-
analysis, the BF, values for both NEC and the other outcomes
analysed have been around 1. This allowed us to state that
the current evidence on the protective effect of human MBF
is inconclusive. Therefore, the extant corpus of research did
not provide sufficient evidence to either confirm or exclude
a potential effect of human MBF compared to bovine MBF
on the risk of NEC, mortality, late onset sepsis, moderate-to-
severe bronchopulmonary dysplasia, or severe retinopathy of
prematurity.

It is often the case that studies are adequately powered for
their own primary outcomes but are underpowered for the
outcome of the meta-analysis [47]. Studies on NEC require
large sample sizes to achieve adequate power [48]. If we take
as an example the study of Jensen et al., which is the included
trial with the largest sample size, the incidence of NEC stage
II-IIT in the control group that received bovine MBF was 8%
[41]. If the primary outcome had been NEC, the sample size
required to demonstrate a risk reduction from 8% to 4%, with
80% power and alpha of 0.05, would be 552 infants in each
group. It is noteworthy that the sample size of the present
meta-analysis, 405 infants, was far less than the sample size
required to demonstrate an effect of human MBF on NEC. It
is therefore not surprising that the evidence from this meta-
analysis was inconclusive.

Jensen's sample size was calculated for a composite outcome
of NEC, sepsis, or mortality [41]. Composite outcomes are
frequently utilised in randomised controlled trials involving
extreme preterm infants to ascertain clinically meaningful
outcomes while increasing the statistical power of the study
[49]. For this adequately powered composite outcome, Jensen
et al. found no statistically significant effect of the intervention
(p=0.860). Interestingly, Bayesian analysis showed that the ev-
idence for this composite outcome was inconclusive for both H;,
and H, (BF,,=0.64). Therefore, there is an absence of evidence
for this composite outcome as well as for each of the individual
components of the outcome.

Two previous meta-analyses employing a frequentist approach
have found a protective effect of human MBF against NEC [13]
and mortality [14]. Grace et al. [13] pooled O'Connor's study
[37], which was included in our meta-analysis, and Sullivan's
study [37], which was excluded from our meta-analysis. The
reason for excluding Sullivan's trial was that part of the bo-
vine MBF group also received bovine milk-based preterm
formula. Therefore, the increased risk of NEC stage II-III
in the bovine MBF group could be related to this factor. In
another meta-analysis, Galis et al. used a subset of Sullivan's
study that excluded infants who received preterm formula
[14]. When this subset was combined with the O'Connor et al.
and Jensen et al. studies, the RR for NEC stage II-IIT was not
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(A) Study name Events / Total Risk ratio and 95% Crl
Risk Lower UFper
Human Bovine ratio  limit imit BF,, p-Value BF ¢
[ Kotha 1/25 3/25 0.33 0.04 2.99 ] 0.92 0.326
GA228 weeks
Pooled 0.33 0.04 2.99 — 0.92 0.326
[ Jensen 8/115 9/113 0.87 0.35 2.18 0.89 0.772
GA<28 weeks < O’Connor 3/64 3/61 0.95 0.20 4.54 0.95 0.952
Pooled 0.97 0.63 1.44 0.87 0.779 0.82
Pooled 0.94 0.61 134 0.88 0.551 0.82
0.01 0.1 1 10 100
Favours Favours
Human MBF Bovine MBF
(B) Study name Events / Total Risk ratio and 95% Crl
Risk Lower UFper
Human Bovine ratio  limit imit BF,, p-Value BF¢
Jensen 7/115 13/113 0.53 0.22 1.28 1.08 0.157
GA<28 weeks O’Connor 3/64 4/61 0.71 0.17 3.06 0.95 0.651
Pooled 0.87 0.51 1.27 1.07 0.148 0.96
0.01 0.1 1 10 100
Favours Favours
Human MBF Bovine MBF
FIGURE1 | Bayesian model average meta-analysis of randomised controlled trials comparing the effect of human milk-based fortifier vs. bovine

milk-based fortifier on the risk of necrotising enterocolitis (A) and mortality (B). BF

ty of the data under H,; BF

10> Ratio of the probability of the data under H, over the probabili-

.p Ratio of the probability of the data under the random effects model over the probability of the data under the fixed effect

model; Crl, Credible interval; GA, Gestational age. RR <1 denotes decreased risk of the outcome in infants receiving human milk-based fortifier.

statistically significant (RR 0.50, 95% confidence interval 0.25
to 0.97, p=0.250). However, they found a statistically signifi-
cant reduction in mortality risk in the group receiving human
MBF (RR 0.50, 95% confidence interval 0.25 to 0.97, p=0.04)
[14]. Notably, when we performed a Bayesian reanalysis of the
mortality results of Galis et al., we obtained a RR of 0.79 (95%
credible interval 0.44 to 1.74, BF,;=0.89) (Table S1). Thus,
even after including the subset of Sullivan's study in the meta-
analysis, the evidence for a beneficial effect of human MBF
remains inconclusive.

In addition to the use of composite outcomes, several strat-
egies have been proposed to address the unique challenges of
studying interventions in extremely preterm infants, for whom
the number of eligible patients is limited, and the incidence of
outcomes is low [50-53]. One approach is to use bundle-of-care
randomised controlled trials. This technique investigates com-
binations of interventions that target a common outcome rather
than single interventions [50]. This increases effect sizes and
statistical power, which can reduce the required sample size.
Another alternative is cluster or crossover cluster randomised
controlled trials, which enable the evaluation of interventions at
the clinical center level [51]. Although before-and-after studies
may be utilised when randomised controlled trials are not fea-
sible, their findings should be interpreted with caution because
they are highly susceptible to multiple sources of bias. These
biases include confounding by secular trends, regression to the
mean, and other time-related factors that may coincide with the
intervention but are unrelated to it [52, 53].

Non-inferiority trials can serve as an alternative to traditional
superiority randomised controlled trials [54]. However, they do
not inherently reduce the number of patients required for inclu-
sion unless the non-inferiority margin is set wide, which may
compromise clinical relevance. In addition, non-inferiority tri-
als are valuable when the intervention is expected to be equally
effective as the standard treatment and offers a significant re-
duction in adverse effects, procedural complications, or cost
[54]. The claim of lower cost is not applicable to human MBFs, as
they are significantly more expensive than bovine MBFs [10, 55].
Consequently, the cost-effectiveness of human MBFs is con-
tingent upon conclusive evidence that they provide protection
against high-cost conditions, such as NEC [56]. Furthermore,
there are ethical concerns regarding the potential harms as-
sociated with the commercialization of products derived from
human milk. One major concern is that babies of disadvan-
taged mothers may be deprived of their own mother's milk.
Additionally, the significant volumes of human milk used in
the production of fortifiers by for-profit companies could result
in a reduced supply of milk donors for non-profit milk banks.
This, in turn, could hinder equitable access to pasteurised donor
human milk [55, 57-59].

5 | Strengths and Limitations
As thoroughly discussed in the preceding sections, the primary

strength of our study was the utilisation of Bayesian inference.
This approach enabled us to differentiate between evidence of
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(A) Study name Events / Total Risk ratio and 95% Crl
Risk Lower UPper
Human Bovine ratio  limit imit BF,, p-Value BF;
Kotha 3/25 5/25 0.60 0.16 2.25 0.96 0.448
GA228 weeks
Pooled 0.60 0.16 2.25 0.91 0.943 0.99
Jensen 33/115 28/113 1.16 0.75 1.78 0.77 0.505
GA<28 weeks O’Connor 8/64 14 /61 0.54 0.25 1.21 1.13 0.134
Pooled 0.98 0.72 1.30 0.87 0.897 0.87
Pooled 0.96 0.71 1.27 0.70 0.921 0.84
0.01 0.1 1 10 100
Favours Favours
Human MBF Bovine MBF
(B) Study name Events / Total Risk ratio and 95% Crl
Risk Lower Urper
Human Bovine ratio  limit imit BF,, p-Value BF ¢
Jensen 60/108 66/102 0.86 0.69 1.07 0.91 0.177
GA<28 weeks O’Connor 16/64 18/61 0.85 0.48 1.51 0.80 0.572
Pooled 0.90 0.73 111 0.92 0.143 0.68
0.01 0.1 10 100
Favours Favours
Human MBF Bovine MBF
©) Study name Events / Total Risk ratio and 95% Crl
Risk Lower Upper
Human Bovine ratio  limit limit BFy, p-Value BF;
Jensen 29/113 25/110 1.13 0.71 1.80 0.89 0.609
GA<28 weeks O’Connor 1/62 6/59 0.16 0.02 1.28 1.06 0.084
Pooled 1.00 0.72 1.39 0.75 0.903 0.82
0.01 0.1 10 100
Favours Favours
Human MBF Bovine MBF
FIGURE2 | Bayesian model average meta-analysis of randomised controlled trials comparing the effect of human milk-based fortifier vs. bovine

milk-based fortifier on the risk of late-onset sepsis (A), moderate to severe bronchopulmonary dysplasia (B), and severe retinopathy of prematurity
(C). BF,,, Ratio of the probability of the data under H, over the probability of the data under H; BF ,, Ratio of the probability of the data under the
random effects model over the probability of the data under the fixed effect model; CrI, Credible interval; GA, Gestational age. RR <1 denotes de-
creased risk of the outcome in infants receiving human milk-based fortifier.

absence and absence of evidence. The main limitation was the
modest sample size, which precluded the attainment of conclu-
sive evidence.

6 | Conclusion

In conclusion, while fortification of human milk is essential
for meeting the nutritional needs of preterm infants, current
evidence does not support the advantage of human MBF over
bovine MBF in the prevention of adverse outcomes, including
NEC, mortality, late-onset sepsis, moderate-to-severe broncho-
pulmonary dysplasia, and severe retinopathy of prematurity.
A definitive conclusion regarding the clinical effectiveness of

human MBF can only be ascertained through the execution of
adequately powered randomised controlled trials.

Author Contributions

E.V. conceived and designed the study, with input from the other au-
thors. M.J.LH. and E.V. executed the literature search, screened and
reviewed the search results, and abstracted the data. G.V. and M.L.G.
checked data extraction for accuracy and completeness. F.B. designed
and conducted the Bayesian analysis with input from E.V. All authors
contributed to the interpretation of analyses. M.J.H. and E.V. made the
figures and tables. M.J.H. and E.V. drafted the manuscript with input
from the other authors. All authors reviewed the manuscript and pro-
vided important intellectual content. E.V. and M.J.H. take responsibility

3314

Acta Paediatrica, 2025



for the article as a whole. All authors have read and agreed to the pub-
lished version of the manuscript.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

Data and materials can be found in the article and the Supporting
Informaton. Additional information can be requested from the corre-
sponding author.

References

1. G. Moro, S. Arslanoglu, E. Bertino, et al., “Human Milk in Feeding
Premature Infants: Consensus Statement,” Journal of Pediatric Gastro-
enterology and Nutrition 61 (2015): S16-S19.

2.S. Arslanoglu, W. Corpeleijn, G. Moro, et al., “Donor Human Milk for
Preterm Infants: Current Evidence and Research Directions,” Journal of
Pediatric Gastroenterology and Nutrition 57 (2013): 535-542.

3.J.Y. Meek, L. Noble, and Section on Breastfeeding, “Policy Statement:
Breastfeeding and the Use of Human Milk,” Pediatrics 150 (2022):
e57988.

4.8S. Arslanoglu, C.-Y. Boquien, C. King, et al., “Fortification of Human
Milk for Preterm Infants: Update and Recommendations of the Euro-
pean Milk Bank Association (EMBA) Working Group on Human Milk
Fortification,” Frontiers in Pediatrics 7 (2019): 76.

5. L. Morlacchi, D. Mallardi, M. L. Gianni, et al., “Is Targeted Fortifica-
tion of Human Breast Milk an Optimal Nutrition Strategy for Preterm
Infants? An Interventional Study,” Journal of Translational Medicine 14
(2016): 1-8.

6.C. Agostoni and M. L. Gianni, “Supplementing Human Milk for
Preterm Infants: A Nutritional Challenge?,” Pediatric Research 95
(2024): 1404-1405.

7.T. T. Fu and B. Poindexter, “Human Milk Fortification Strategies in
the Neonatal Intensive Care Unit,” Clinics in Perinatology 50 (2023):
643-652.

8.J. R. Swanson, A. Becker, J. Fox, et al., “Implementing an Exclusive
Human Milk Diet for Preterm Infants: Real-World Experience in Di-
verse NICUs,” BMC Pediatrics 23 (2023): 237.

9. M. J. Elliott and S. G. Golombek, “Evolution of Preterm Infant Nutri-
tion From Breastfeeding to an Exclusive Human Milk Diet: A Review,”
NeoReviews 23 (2022): €558-e571.

10. J. Muts, B. J. van Keulen, J. B. van Goudoever, and C. H. van den
Akker, “Formula Protein Versus Human Milk Protein and the Effects
on Growth in Preterm Born Infants,” Current Opinion in Clinical Nutri-
tion and Metabolic Care 28 (2025): 33-38.

11. C. A. Boyd, M. A. Quigley, and P. Brocklehurst, “Donor Breast Milk
Versus Infant Formula for Preterm Infants: Systematic Review and
Meta-Analysis,” Archives of Disease in Childhood. Fetal and Neonatal
Edition 92 (2007): F169-F175.

12. M. H. Premkumar, M. Pammi, and G. Suresh, “Human Milk-
Derived Fortifier Versus Bovine Milk-Derived Fortifier for Prevention
of Mortality and Morbidity in Preterm Neonates,” Cochrane Database of
Systematic Reviews 2019 (2019): CD13145.

13. E. Grace, C. Hilditch, J. Gomersall, C. T. Collins, A. Rumbold, and
A. K. Keir, “Safety and Efficacy of Human Milk-Based Fortifier in En-
terally Fed Preterm and/or Low Birthweight Infants: A Systematic Re-
view and Meta-Analysis,” Archives of Disease in Childhood. Fetal and
Neonatal Edition 106 (2021): 137-142.

14. R. Galis, P. Trif, D. Mudura, et al., “Association of Fortification
With Human Milk Versus Bovine Milk-Based Fortifiers on Short-Term

Outcomes in Preterm Infants—A Meta-Analysis,” Nutrients 16 (2024):
910.

15. I. Shrier, J.-F. Boivin, R. J. Steele, et al., “Should Meta-Analyses of In-
terventions Include Observational Studies in Addition to Randomized
Controlled Trials? A Critical Examination of Underlying Principles,”
American Journal of Epidemiology 166 (2007): 1203-1209.

16. T. Mathes and O. Kuss, “A Comparison of Methods for Meta-Analysis
of a Small Number of Studies With Binary Outcomes,” Research Synthe-
sis Methods 9 (2018): 366-381.

17. Q. F. Gronau, D. W. Heck, S. W. Berkhout, J. M. Haaf, and E.-J. Wa-
genmakers, “A Primer on Bayesian Model-Averaged Meta-Analysis,” Ad-
vances in Methods and Practices in Psychological Science 4 (2021): 31256.

18. F. Bartos, Q. F. Gronau, B. Timmers, W. M. Otte, A. Ly, and E. J.
Wagenmakers, “Bayesian Model-Averaged Meta-Analysis in Medicine,”
Statistics in Medicine 40 (2021): 6743-6761.

19. C. Keysers, V. Gazzola, and E.-J. Wagenmakers, “Using Bayes Factor
Hypothesis Testing in Neuroscience to Establish Evidence of Absence,”
Nature Neuroscience 23 (2020): 788-799.

20. C. R. Brydges and A. A. Bielak, “A Bayesian Analysis of Evidence in
Support of the Null Hypothesis in Gerontological Psychology (Or Lack
Thereof),” Journals of Gerontology. Series B, Psychological Sciences and
Social Sciences 75 (2020): 58-66.

21. K. Van Mechelen, T. M. Hundscheid, E. van Westering-Kroon, F.
Barto$, and E. Villamor, “Association Between Antenatal Antibiotic
Exposure and Bronchopulmonary Dysplasia: A Systematic Review and
Bayesian Model-Averaged Meta-Analysis,” Neonatology 121 (2024):
378-387.

22.D.G. Altman and J. M. Bland, “Statistics Notes: Absence of Evidence
Is Not Evidence of Absence,” BMJ 311 (1995): 485.

23. M. K. Choong, F. Galgani, A. G. Dunn, and G. Tsafnat, “Automatic
Evidence Retrieval for Systematic Reviews,” Journal of Medical Internet
Research 16 (2014): e223, https://doi.org/10.2196/jmir.3369.

24.]. A. Sterne, J. Savovi¢, M. J. Page, et al., “RoB 2: A Revised Tool for
Assessing Risk of Bias in Randomised Trials,” BMJ 366 (2019): 14898.

25.D. Heck, F. Gronau, and E. Wagenmakers, “metaBMA: Bayesian
Model Averaging for Random and Fixed Effects Meta-Analysis (Version
0.6.7),” (2019), https://CRAN.R-project.org/package=metaBMA.

26. JASP Team, “JASP (Version 0.19.3).” (2024), https://jasp-stats.org/.

27. M. Lee and E.-J. Wagenmakers, Bayesian Data Analysis for Cognitive
Science: A Practical Course (Cambridge University Press, 2013), https://
bayesmodels.com/.

28. F. Barto§, M. Maier, E. J. Wagenmakers, H. Doucouliagos, and T.
Stanley, “Robust Bayesian Meta-Analysis: Model-Averaging Across
Complementary Publication Bias Adjustment Methods,” Research Syn-
thesis Methods 14 (2023): 99-116.

29.D. J. Spiegelhalter, K. R. Abrams, and J. P. Myles, Bayesian Ap-
proaches to Clinical Trials and Health-Care Evaluation, vol. 13 (John
Wiley & Sons, 2004).

30. F. Barto§ and E. J. Wagenmakers, “A General Approximation to
Nested Bayes Factors With Informed Priors,” Stat 12 (2023): €600.

31. F. Barto§, W. M. Otte, Q. F. Gronau, B. Timmers, A. Ly, and E.-J.
Wagenmakers, “Empirical Prior Distributions for Bayesian Meta-
Analyses of Binary and Time to Event Outcomes. arXiv Preprint
arXiv:2306.11468,” (2023).

32. A. Ananthan, H. Balasubramanian, S. Rao, and S. Patole, “Human
Milk-Derived Fortifiers Compared With Bovine Milk-Derived Fortifi-
ers in Preterm Infants: A Systematic Review and Meta-Analysis,” Ad-
vances in Nutrition 11 (2020): 1325-1333.

33. A. Lucas, M. Assad, J. Sherman, J. Boscardin, and S. Abrams,
“Safety of Cow's Milk-Derived Fortifiers Used With an All Human Milk

Acta Paediatrica, 2025

3315


https://doi.org/10.2196/jmir.3369
https://cran.r-project.org/package=metaBMA
https://jasp-stats.org/
https://bayesmodels.com/
https://bayesmodels.com/

Base Diet in Very Low Birthweight Preterm Infants: Part II. Neonatol-
ogy Today,” (2020).

34.S. M. Reyes, J. R. Strott-Moore, S. L. Brooker, et al., “Associations
of an Exclusive Human Milk Diet With Morbidity and Mortality in
ELBW Infants Born <750 Grams: An Individual Participant Data Meta-
Analysis,” Neonatology Today 18 (2023): 4.

35. S. Sullivan, R. J. Schanler, J. H. Kim, et al., “An Exclusively Human
Milk-Based Diet Is Associated With a Lower Rate of Necrotizing En-
terocolitis Than a Diet of Human Milk and Bovine Milk-Based Prod-
ucts,” Journal of Pediatrics 156 (2010): 562-567.

36. E. A. Cristofalo, R. J. Schanler, C. L. Blanco, et al., “Randomized
Trial of Exclusive Human Milk Versus Preterm Formula Diets in Ex-
tremely Premature Infants,” Journal of Pediatrics 163 (2013): 1592-1595.

37.D. L. O'Connor, A. Kiss, C. Tomlinson, et al., “Nutrient Enrichment
of Human Milk With Human and Bovine Milk-Based Fortifiers for In-
fants Born Weighing <1250 g: A Randomized Clinical Trial,” American
Journal of Clinical Nutrition 108 (2018): 108-116.

38.S. Polberger, N. C. Riihi, P. Juvonen, G. E. Moro, 1. Minoli, and
A. Warm, “Individualized Protein Fortification of Human Milk for
Preterm Infants: Comparison of Ultrafiltrated Human Milk Protein and
a Bovine Whey Fortifier,” Journal of Pediatric Gastroenterology and Nu-
trition 29 (1999): 332-338.

39. S. Hagelberg, B. Lindblad, and B. Persson, “Amino Acid Levels in the
Critically Ill Preterm Infant Given Mother's Milk Fortified With Protein
From Human or Cow's Milk,” Acta Paediatrica 79 (1990): 1163-1174.

40. G. Boehm, D. Miiller, H. Senger, M. Borte, and G. Moro, “Nitrogen
and Fat Balances in Very Low Birth Weight Infants Fed Human Milk
Fortified With Human Milk or Bovine Milk Protein,” European Journal
of Pediatrics 152 (1993): 236-239.

41. G. B. Jensen, M. Domellof, F. Ahlsson, A. Elfvin, L. Navér, and T.
Abrahamsson, “Effect of Human Milk-Based Fortification in Extremely
Preterm Infants Fed Exclusively With Breast Milk: A Randomised Con-
trolled Trial,” EClinicalMedicine 68 (2024): 102375.

42.R. Kotha, K. C. Konda, P. Pandala, and A. Maddireddi, “Effect of
Human Milk Enriched With Human Milk-Based Fortifier (HMBF)
Versus Bovine Milk-Based Fortifier (BMBF) on Growth and Morbidity
Among Very Low Birth Weight (VLBW) Infants-A Randomized Con-
trolled Trial,” Journal of Pediatric, Neonatal and Individualized Medi-
cine 11 (2022): €110104.

43.S. Uthaya, S. Jeffries, I. Andrzejewska, V. Vasu, N. D. Embleton, and
N. Modi, “Randomised Controlled Trial of Human Derived Breast Milk
Fortifier Versus Bovine Milk Fortifier on Body Composition in Very
Preterm Babies,” Early Human Development 171 (2022): 105619.

44.N. D. Embleton, T. Sproat, S. Uthaya, et al., “Effect of an Exclusive
Human Milk Diet on the Gut Microbiome in Preterm Infants: A Ran-
domized Clinical Trial,” JAMA Network Open 6 (2023): €231165.

45.]. Berrington, M. Johnson, S. Garg, et al., “Powdered Human Milk-
Derived Versus Bovine Milk-Derived Breastmilk Fortification: A Multi-
Centre Preterm Randomised Controlled Trial,” Journal of Pediatric
Gastroenterology and Nutrition 80 (2025): 336-344.

46. C. J. Yarnell, D. Abrams, M. R. Baldwin, et al., “Clinical Trials in
Critical Care: Can a Bayesian Approach Enhance Clinical and Scientific
Decision Making?,” Lancet Respiratory Medicine 9 (2021): 207-216.

47.R. M. Turner, S. M. Bird, and J. P. Higgins, “The Impact of Study Size
on Meta-Analyses: Examination of Underpowered Studies in Cochrane
Reviews,” PLoS One 8 (2013): €59202.

48.T. Xiong, A. Maheshwari, J. Neu, A. Ei-Saie, and M. Pammi, “An
Overview of Systematic Reviews of Randomized-Controlled Trials for
Preventing Necrotizing Enterocolitis in Preterm Infants,” Neonatology
117 (2020): 46-56.

49.N. M. Lai, A. Q. Y. Yap, H. C. Ong, et al., “Use of Composite Out-
comes in Neonatal Trials: An Analysis of the Cochrane Reviews,” Neo-
natology 118 (2021): 259-263.

50. S. Meyer, M. Poryo, A. R. Franz, and C. F. Poets, “Bundle-Of-Care
vs. Single-Intervention RCTs in Neonatology: Clinical Research in
Neonatology—Quo Vadis?,” Acta Paediatrica 114 (2025): 1550-1552,
https://doi.org/10.1111/apa.70057.

51.J. C. Hurley, “How the Cluster-Randomized Trial “Works”,” Clinical
Infectious Diseases 70 (2020): 341-346.

52.S. E. Welty, “Critical Issues With Clinical Research in Children: The
Example of Premature Infants,” Toxicology and Applied Pharmacology
207 (2005): 673-678.

53. A. Das, J. Tyson, C. Pedroza, et al., “Methodological Issues in the
Design and Analyses of Neonatal Research Studies: Experience of the
NICHD Neonatal Research Network,” Seminars in Perinatology 40
(2016): 374-384.

54. L. Mauri and R. B. D’Agostino, “Challenges in the Design and In-
terpretation of Noninferiority Trials,” New England Journal of Medicine
377 (2017): 1357-1367.

55.N. Shenker, J. Linden, B. Wang, et al., “Comparison Between the
For-Profit Human Milk Industry and Nonprofit Human Milk Banking:
Time for Regulation?,” Maternal & Child Nutrition 20 (2024): €13570.

56. M. E. Mowitz, D. Dukhovny, and J. A. Zupancic, “The Cost of Nec-
rotizing Enterocolitis in Premature Infants,” Seminars in Fetal and Neo-
natal Medicine 23 (2018): 416-419.

57. D.H. Adamkin, “Use of Human Milk and Fortification in the NICU,”
Journal of Perinatology 43 (2023): 551-559.

58. N. Modi, “Repeating the Errors of the Past: The Hazards of a Com-
mercial Human Milk Industry,” Pediatric Research 95(2024): 1480-1482.

59. A. Coutsoudis, R. Ascherl, E. Bertino, et al., “Response to “Repeat-
ing the Errors of the Past: The Hazards of a Commercial Human Milk
Industry” Modi (2024) From the Global Alliance of Milk Banks and As-
sociations,” Pediatric Research 96 (2024): 1-3.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section. Appendix S1: apa70260-sup-0001-
AppendixS1.docx.

3316

Acta Paediatrica, 2025


https://doi.org/10.1111/apa.70057

	Absence of Evidence of Beneficial Effects of Human Milk-Based Fortifier: A Bayesian Model-Averaged Meta-Analysis
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	2.1   |   Research Question and Literature Search
	2.2   |   Data Extraction and Risk of Bias Assessment
	2.3   |   Statistical Analysis

	3   |   Results
	4   |   Discussion
	5   |   Strengths and Limitations
	6   |   Conclusion
	Author Contributions
	Conflicts of Interest
	Data Availability Statement
	References


