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Abstract

Recently we published a meta-analyses of morbidity seen with the 
use of cow’s milk derived fortifier (CMDF) rather than human milk 
derived fortifier (HMDF) in very low birthweight (VLBW) infants.  
Here, we further analyse these data to estimate the annual popu-
lation risk of CMDF-related major morbidity in the United States 
and Canada.  The outcome used was a mortality/morbidity index 
which was positive if the infants had one or more of death, necro-
tising enterocolitis, sepsis retinopathy of prematurity or broncho-
pulmonary dysplasia. Using the risk difference (RD) between the 
CMDF and HMDF groups we estimated, provisionally, that 4150 
additional VLBW infants in the United States and Canada each 
year, or an additional infant approximately every 2 hours, may be 
expected to develop a positive mortality/morbidity index in relation 
to being fed CMDF – over and above the number of infants with a 
positive index if fed HMDF.  We provide an in-depth discussion of 
the limitations of our estimate.  This analysis provides preliminary 
evidence of the magnitude of population risk of major neonatal 
morbidity with use of CMDF versus HMDF in VLBW infants in 
current practice.
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Introduction

Recently we published our paper on “Safety of cow’s milk-derived 
fortifiers used with an all-human milk base diet in very low birth-
weight preterm infants” (1).  Here we seek to re-explore these 
data to quantify further the impact of cow’s milk-derived fortifiers 
(CMDF) on morbidity in very low birthweight preterm infants in the 
United States and Canada, where the underlying studies were 
conducted.

Our recent paper (1) included a meta-analysis of 3 studies in 
453 preterm infants all fed a base diet of human milk (HM) and 
comparing CMDF with human milk-derived fortifier (HMDF).  Con-
ventionally, we had expressed morbidity outcomes as a risk ratio 
(RR).  For example, the risk of developing necrotising enterocolitis 
(NEC) in the CMDF group was 3.3 times that in the HMDF group.   
However, expressing the morbidity data as a “risk difference” (RD) 

between the proportion of subjects that had adverse events in the 
CMDF versus HMDF groups has an important additional clinical 
application that we had not evaluated in the previous report.  For 
instance, when multiplied by a population size of interest, the risk 
difference provides an estimate of the number of subjects in that 
population that might be adversely affected by CMDF over and 
above that number in the HMDF group.  The reciprocal of the 
risk difference gives an estimate of the number needed to harm 
(NNH).

Here we have focussed on the risk difference for the most robust 
of the morbidity outcomes in our recent study: the meta-analysis 
of the mortality/morbidity index, which was positive if a subject 
had one or more of the following outcomes: Death, NEC, sepsis, 
retinopathy of prematurity (ROP), and bronchopulmonary dyspla-
sia (BPD).  Our objective has been to use the currently available 
data to define the number needed to harm and to derive an initial, 
provisional estimate of the number of VLBW preterm infants each 
year in the United States and Canada whose death or major neo-
natal morbidity may be linked to CMDF.

Methods

The three studies in our meta-analysis in the original recent pa-
per were: (1) the randomised controlled trial of O’Connor et al(2) 
(known as the OptiMoM trial) (2) a subgroup analyses of the RCT 
by Sullivan and co-workers (3.4) and (3) a subgroup analysis of 
a study by Assad and co-workers (1, 5) that provided a quasi-
experimental pre-post design using HM and a CMDF pre-2012 
and HM plus an HMDF post-2012.   Our recent paper and the 
studies, as originally published, provide data on the methods used 
in each study(1-5).  Within each individual study included in our 
meta-analysis, the CMDF and HMDF groups were well balanced 
for demographic factors(1); and in each of these three studies, 
the study design was conceptually similar: a base diet comprising 
only HM (either mother’s own milk [MOM]; or MOM plus donor 
milk [DM]) and comparing a CMDF versus HMDF.

In each of the studies, the HMDF group received Prolact+ H(2)
MF® human milk fortifier (manufactured by Prolacta Bioscience, 
California, USA) and the CMDF group received Enfamil or Similac 
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“When we re-analyzed the data for the 
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non-hydrolyzed human milk fortifier (manufactured respectively 
by Mead Johnson Nutrition or Abbott Nutrition). Feeding protocols 
in each study are described elsewhere (1-5). 

Morbidity outcomes studied here were death, NEC (Bell’s stage II 
or greater), sepsis, ROP, and BPD.  The criteria for the diagnosis 
of NEC and sepsis are described elsewhere (3).  These five out-
comes were combined in a dichotomous mortality/morbidity index, 
which was positive if one or more of these individual morbidities 
present.  This index was first used in the O’Connor trial (2), and 
since the other two studies provided data on the same outcomes, 
a meta-analysis of this mortality/morbidity index was possible.  
Our focus here on this overall index rather than on the individual 
morbidity outcomes reflected an attempt to use the most statisti-
cally robust outcome for our present analysis.

In our recent study(1), we justified, following the guidance of Bo-
renstein (6), using a fixed-effect model in our meta-analysis of 
morbidity indices because of the paucity of studies in the analysis, 
but we noted that a random-effects model gave a similar result.  
Our fixed effect model effectively treated the three studies as the 
only ones of interest, but this was not the objective here for a mod-
el that should ideally be representative of all studies.  Therefore, 
for this study, focusing on the mortality/morbidity index and using 
the same software (RevMan 5.3), we selected the now preferred 
random-effects model, using this to estimate “risk difference.” 

Results

When we re-analyzed the data for the mortality/morbidity index 
for the risk difference (RD), the chosen random-effects model pro-
vided a similar overall value for this as the fixed effect models 
(RD of 0.13 and 0.14 respectively) with similar significance.   The 
findings for the random-effects model were as follows: risk differ-
ence = 0.14 (95% CI: 0.05 to 0.23) P= 0.003 (see figure).  The risk 
difference of 0.14 reflects the fractions of subjects with a positive 
index in the CMDF group minus the fraction in the HMDF group.   

Number needed to harm (NNH)

The reciprocal of this risk difference (the estimated NNH) was 
7 (7.1), with a 95% confidence interval of 4 to 25.  Thus, from 
the point estimate, for every seven babies fed on CMDF versus 
HMDF, one of them would be predicted to die or have one or more 
of the four severe morbidities.

Provisional population estimates

Given an estimated risk difference of 0.14 or 14% as an absolute 
percentage, then if our meta-analysis were to comprise studies 
that are collectively representative of the population (USA plus 
Canada in this study),  this implies that 14% of preterm infants in 
that population is an estimate of the increased number of infants 
with a positive mortality/morbidity index in the CMDF group over 
and above the number with a positive index in the HMDF group.  

For instance, the data for the OptiMoM trial by O’Connor et al. in-
cluded in the figure shows that 30 of 64 (0.49) of the CMDF group 
had a positive mortality/morbidity index and 23 of 64 (0.36) had a 
positive index. Thus, the difference known as the “risk difference” 
(RD) is 0.13, as shown in the figure.  If O’Connor’s results were 
applied to a relevant population of, for example, 1000 preterm in-
fants, then 130 (1000 x 0.13) additional infants would be expected 
to have a positive index if fed CMDF as opposed to HMDF.  

Estimations for the USA.

The 12-center Sullivan study(3) indicated that many centers may 
use <1250g as a cut-off value for using HMDF.  However, babies 
up to 1500g birth weight were given HMDF in the Assad study(5)  
It is difficult to estimate precisely the number of preterm babies in 
the USA that might be eligible for the use of HMDF, but it is that 

Figure: Meta-analysis of morbidity indices in the O’Connor, Assad, and Sullivan studies, A positive index is defined as one or more of death, 
sepsis, NEC, ROP and BPD.  The index was based on the one published in the O’Connor corrigendum20, and equivalent indices (based on 
the same 5 outcomes) were derived from raw data in the Sullivan and Assad reanalysis.  Note that the O’Connor study is also known as the 
‘OptiMoM’ trial)
The meta-analysis is a random effects model for risk difference: CMDF v HMDF



“However, we were concerned that 
this analysis was not an accurate 
representation of the data.  Our own 
analysis utilized the authors' data on 
individual morbidities to calculate the 
average number of adverse events per 
subject.  There were 31 adverse events 
in 64 subjects fed HMDF (0.48 events per 
subject); yet, for CMDF there were 45 
adverse events among 61 subjects (0.74 
events per subject).”
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number that is required to estimate CMDF-related morbidity over 
and above that seen with HMDF.  From the National Vital Statis-
tics Report of Martin et al. (2018)(7), we note that all births in the 
United States approach 3.8 million/year and that 1.38% of these 
are below 1500g at birth (VLBW).  We have assumed that the eli-
gible population for receiving HMDF is close to 1% of all births in 
the United States – about 38,000 preterm infants based on current 
live birth rates.

On this basis, a tentatively estimated 5300 (0.14 x 38,000) CMDF-
fed babies annually in the USA would have a positive mortality/
morbidity index over and above the incidence in the HMDF group 
but with a 95% confidence interval of 1900 to 8700 babies.  

Nevertheless, 30% of this morbidity has already been addressed 
in the USA, where close to 11,000 VLBW babies are fed annually 
on HMDF to provide an exclusive HM (EHM) diet (data on the 
number of babies fed HMDF obtained by courtesy of the manu-
facturer).  Our analysis thus provides a point estimate of 3,700 
babies in the United States each year (70% of 5300) who may 
die or develop one of more major morbidities in relation to use of 
CMDF rather than HMDF.

Estimations for Canada

The annual number of births in Canada is approximately 
373,000(8).   Assuming again that the target population of preterm 
infants represents 1% of births, this would amount to 3730 infants.  
Our provisional estimate based on the risk difference of 0.14, 522 
babies would have a positive mortality/morbidity index related to 
the use of CMDF over and above the number with a positive index 
if fed HMDF.  However, in 2019, 75 Canadian preterm infants were 
fed on HMDF (manufacturer’s data), leaving a point estimate of 
around 450 babies in Canada each year who may die or develop 
major morbidity in relation to the use of CMDF,

Combined data

Combining the figures for the United States and Canada, an es-
timated total of 4150 (95% CI 1480, 6800) additional babies in 
the two countries would have a positive mortality/morbidity index 
related to the use of a CMDF rather than HMDF.  

Discussion

Our provisional analysis for the USA and Canada indicates that 
with the use of CMDF rather than HMDF, an additional 4150 
VLBW preterm infants per year - or on average one additional 
infant every 2 hours -  would develop a positive mortality/morbid-
ity index comprising one or more of the following major adverse 
outcomes: death, NEC, proven sepsis, ROP or BPD.  Such raised 
morbidity rates in the population in those fed CMDF might not 
have been intuitively predicted from the risk ratio we reported in 
the original study that showed an estimated 40% increase in the 
risk of a positive index in the CMDF group.(1)   In terms of number 
needed to harm (NNH), for every seven babies in our analysis that 
were fed CMDF rather than HMDF, one of them is estimated to 
develop one of more of these adverse outcomes. However, these 
preliminary and tentative figures are based on the few studies of 
suitable design available, and in this discussion, we examine both 
the plausibility and limitations of our estimates.

In terms of plausibility, decades of prior research have linked the 
feeding of cow’s milk-derived products with the outcomes that 
comprise the mortality/morbidity index used here (1-3,5,9-16).  In-
deed, O’Connor and colleagues (2) conceived this index for their 
own fortifier trial, included in our meta-analysis, precisely because 
these were the major neonatal morbidities described with CM 
products in the past. 

Over the past 7-8 years, the recommended practice (17,18) for 
VLBW preterm infants is to use DM if there is insufficient MOM; 
and then most commonly to use a CMDF.  Given the preponder-
ance of HM in the modern preterm infant diet, it might be ques-
tioned whether there was sufficient CM in the diet to cause so 
many cases of major morbidity.  The preterm infant feeding trials 
of Lucas et al.(11) date back to the pre-fortifier era when babies 
were fed on HM and quite often a standard infant formula with 
much lower CM protein content than a preterm formula (PTF), 
yet NEC and sepsis were recognized CM-related problems at the 
time.  Current use of CMDF may provide around 50% of the pro-
tein in the diet – and more than this if significant volumes of DM 
are used - comparable with the CM intake in past practice.

That CMDF may cause significant morbidity was also shown in an 
RCT on 276 subjects published in 1996 (19).  Both randomized 
groups received MOM and PTF, but at that time, it was ethical 
to randomize the infants to a CMDF or not.  With a quite modest 
level of fortification, simply adding a CMDF resulted in a 2.3-fold 
increased risk of NEC or sepsis

The analysis here raises a broader issue of how the results of 
meta-analyses may best be presented in different circumstances.  
The risk ratio (RR) provides a way of capturing the relative impact 

of two interventions on the outcome. But it provides little insight 
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“As data have emerged, it has become 
clearer that these safety aspects are 
important to address and quantify.  For 
this reason, we have released these 
data at an early stage to encourage both 
further research and discussion on the 
implications for practice.”

“Our preliminary estimates presented 
here suggest that although about 30% of 
smaller VLBW babies in the USA are fed 
with HMDF, more than 4000 VLBW preterm 
infants in the United States and Canada 
each year may either die or develop major 
morbidity in relation to the use of CMDF.  ”
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on how this relates to population incidence of, say, an adverse 
outcome using one of the interventions rather than the other – 
and for this, the risk difference (RD) is a most valuable measure.  
However, extrapolating from limited data to population health may 
result in more speculative conclusions as noted in the Limitations 
and Conclusions sections below.  

Limitations

Our recently published meta-analysis only had three studies that 
represented the data available to compare fortifier type and hence 
to explore the safety of current feeding recommendations in terms 
of mortality or major morbidity.  We recognize that as more stud-
ies of this type are done, our estimate of the number of preterm 
VLBW that may be adversely impacted by CMDF may be refined, 
and the large confidence intervals we are currently seeing may 
contract.

Although we have used our meta-analytic data to estimate CMDF-
related morbidity and mortality both in the United States and Can-
ada, only one of our three studies, the OptiMoM trial of O’Connor 
et al.(2), was from Canada where the practice may be different. 
However, the risk difference in this trial alone for the morbidity in-
dex (RD=0.13) was very similar to the value for the 3 study meta-
analysis as a whole (RD=0.14).

The estimated magnitude of the adverse impact of CMDF could 
have been inflated by the inclusion of milder cases of ROP in the 
Assad study, though by studying five outcomes collectively in our 
mortality/morbidity index and having only one of the three centers 
collecting data on milder ROP cases, such confounding was mini-
mized.  In contrast, we have assumed that in modern care, DM 
would be used in preference to PTF (as in our three studies here); 
but that is not always the case, and because in those babies who 
receive both CMDF and PTF, the adverse impact of CM may be 
somewhat increased, our model may have under-estimated the 
impact of CMDF.  Again, in the Assad study(5), the largest of our 
studies, bigger babies (up to 1500g birth weight) than those most 
commonly fed HMDF, were included – and because of the lower 
morbidity in larger preterm infants, this also would be expected 
generate a more conservative population estimate of the adverse 
impact of CMDF. It might be argued that as more modern studies 
are included, CMDF-related morbidity may decrease.  This is not 
supported by the limited data we have, which indicates that the 
oldest study data we included (from the Sullivan trial published 
in 2010 (3) showed the least impact of CMDF on the mortality/
morbidity index with a much smaller impact on this index than the 
most recent study of O’Connor published in 2018 (2).  This could 
relate to a secular trend to increasing accuracy in defining the 
morbidities studied here.  

Conclusions

Our preliminary estimates presented here suggest that although 
about 30% of smaller VLBW babies in the USA are fed with HMDF, 
more than 4000 VLBW preterm infants in the United States and 
Canada each year may either die or develop major morbidity in 
relation to the use of CMDF.  The estimated NNH of only 7 is also 
a concern.  However, these estimates have a broad confidence 
interval and are based on the surprisingly small number of safety 
studies of this type.  Our provisional analysis has several limi-
tations, and we recognize it is difficult to extrapolate from small 
studies to large populations.  Nevertheless, this field has become 
important to pursue – and these types of estimation will also need 
to be done on other populations, where the recommended neona-
tal feeding practices are similar.

Our study illustrates a larger issue.  Because of the broad ad-
verse and beneficial impacts of preterm infant feeding on mor-
bidity, feeding regimes in this sensitive period are helpfully seen 
as therapeutic interventions where both efficacy and safety are, 
in general, important metrics.  The current recommendations for 
preterm infant feeding – notably to use DM if MOM is insufficient 
– were introduced over 20 years ago and have become globally 
common in the last ten years in part based on key position papers 
of relevant societies.(17,18) Yet, at the time this guidance was 
given, there was an absence of randomized trials appropriately 
designed to address safety in terms of the morbidities examined 
here, when using CMDF as the sole source of CM – an integral 
component of this new practice.  As data have emerged, it has be-
come clearer that these safety aspects are important to address 
and quantify.  For this reason, we have released these data at an 
early stage to encourage both further research and discussion on 
the implications for practice.
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