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Abstract

Background: The etiology of necrotizing enterocolitis (NEC) is controversially discussed. One of the most recently
proposed causes of NEC is an allergy to cow’s milk protein. This study was designed to evaluate the effect of a
maternal diet without bovine protein on the incidence of any NEC in very low birth weight (VLBW) infants.
Materials and Methods: A pilot randomized controlled clinical trial was performed at Akbarabadi Hospital,
Tehran, Iran, from December 2019 to July 2020, in women with VLBW infants. One hundred twenty mothers
with VLBW neonates were randomly assigned to the intervention or the control group (60 in each). In the
intervention group, mothers were given a dairy-free diet during the first 14 days after the newborn’s onset of
feeding. No special diet was given to the control group. The primary outcome of the study was the rate of any
NEC in neonates, which was compared between groups. Any NEC was defined as Bell stage I or greater.
Results: The minimum and maximum gestational ages were 26 and 33 weeks, respectively. The minimum birth
weight of neonates was 700 g. The two groups did not differ significantly in terms of demographic and preinterven-
tional clinical characteristics. Any NEC was reported in 0% and 10% (5/52) of neonates in the intervention and control
groups, respectively; the difference was statistically significant ( p = 0.028). The NEC symptoms began*34 days after
birth. Four cases of NEC were classified as Bell stage I, and one was classified as Bell stage II. No statistical association
was registered between sex, gestational age, birth weight, and the onset of feeding with the incidence of any NEC.
Conclusion: The use of a cow’s milk protein-free diet in mothers and exclusive breastfeeding in preterm
VLBW infants may reduce the incidence of NEC. We recommend further studies with larger sample sizes in a
multicenter setting. The study was registered at the Iranian Registry of Clinical Trials (IRCT20200415047086N1).
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Introduction

Necrotizing enterocolitis (NEC) is a serious gastro-
intestinal condition that occurs most frequently in preterm

infants.1 The incidence of NEC varies from 2% to 13% in preterm

and very low birth weight (VLBW) infants.2–5 According to the
research conducted so far, the best method of preventing NEC in
human infants is to feed the infant with the mother’s own milk
(MOM).6,7 Ongoing research to identify risk factors for NEC is
justified in view of the complications of the disease, long hospital
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stays, the consequent rise in health care costs, and the psycho-
logical burden of NEC for the family. A recent issue raised in this
context was the intolerance to cow’s milk protein.8–10

Allergic colitis usually appears within the first few months;
the most commonly involved antigens are cow’s milk protein
and soy protein.11 About 5–30% of infants with allergic co-
litis are allergic to cow’s milk proteins in human breast
milk.12 This disorder is a non-immunoglobulin E (IgE)-
mediated cellular delayed-type hypersensitivity and is lim-
ited to the gastrointestinal tract.12

Approximately 30–40% of patients with cow’s milk protein
allergy are unable to tolerate soy protein as well.13 The diagnosis
is confirmed by medical history, removing cow’s milk protein
and soy protein from the diet, and observing the clinical re-
sponse.13,14 The infants may have eosinophilia and, occasion-
ally, elevated serum IgE levels.14 The removal of cow’s milk
protein and soy protein from the mother’s diet is beneficial when
the infant is given MOM, but the mother should also be given
adequate quantities of calcium and vitamin D.15 When the infant
is formula-fed, the formula should be changed to hydrolyzed
proteins, which elicits a response rate of about 95%. Response
rates of 100% have been noted for the amino acid formula.11,15,16

The aim of this study was to evaluate the effect of a ma-
ternal diet without bovine protein on the incidence of any
NEC in VLBW neonates.

Materials and Methods

Study design and participants

A pilot randomized controlled clinical trial was performed
at Akbarabadi Hospital affiliated to the Iran University of

Medical Sciences, Tehran, Iran, from December 2019 to July
2020. The main aim of the study was to determine the effect
of maternal diet without bovine protein on the incidence of
any NEC in VLBW neonates. In view of the 50% reduction in
the incidence of NEC (P2-P1 = 50%) reported by Nandhini
et al.,17 the sample size was set to 52 neonates per group. An
additional 20% were added to compensate for the anticipated
loss to follow-up. The final estimated sample size was 60
patients in each group; the study power was 90% and the two-
sided alpha error 0.05.

Mothers and neonates who fulfilled the following inclusion
criteria were eligible for the study: (1) Iranian nationality, (2)
VLBW neonates (birth weight <1,500 g), (3) no intrauterine
growth restriction, and (4) no congenital disease. Neonates
who needed a blood transfusion or umbilical vein catheteri-
zation were excluded from the study. Mothers who did not
fully adhere to the protocol in terms of the dairy-free diet or
were unwilling to continue their participation were excluded
from the study (Fig. 1).

Intervention, randomization, and blinding
of study participants

The main investigator, pediatrician, nurse, radiologist,
statistician, and outcome assessor were blinded to the group
allocation. The enrolled mothers (n = 120) were randomly
assigned to one of the two groups through a computer-
generated random table using a block size of 4 (i.e., AABB,
ABAB, BAAB, BABA, BBAA, and ABBA). A nurse who
was not involved in the research project was asked to pre-
pare the coded envelopes using sequential numbers, and the

FIG. 1. Flowchart of the study.

648 KHALESI ET AL.



researcher allocated the patients to one of the two groups on
the basis of the envelopes. Mothers in the intervention group
had a dairy-free diet for 14 days (n = 60) (the 14 days started
from the infant’s birth or from the first day of feeding),
whereas the control group ingested a normal diet (n = 60).

The diet for the intervention group met the mother’s daily
requirement of protein without dairy protein, and was pre-
pared by a nutritionist from the beginning of the infant’s
feeding to the time of discharge. Mothers of the second group
had a normal and unrestricted diet. For the first 14 days,
neonates in the intervention group were exclusively given
MOM. Infants in the second group, whose mothers were on
an unrestricted diet, were given pasteurized donor milk. To
prevent nonadherence to the dairy-free diet, mothers were
given the necessary instructions as well as prescriptions for
calcium supplements. After the first 14 days, neonates in both
groups were exclusively given human milk (MOM or pas-
teurized donor milk that none of the milk was fortified) until
discharge from the hospital.

Outcomes, measurements, and follow up

The primary endpoint of the study was the rate of any NEC
in neonates in the two groups. Based on the study by Bell
et al., NEC is divided into three stages to provide appropriate
treatment.18 For the purposes of this study, any NEC was
defined as Bell stage I or higher.

General parameters, including sex, gestational age (week),
birth weight in grams, Apgar score at 1 and 5 minutes after
birth, age at the onset of feeding (days), mechanical venti-
lation, duration of mechanical ventilation (days), duration of
continuous positive airway pressure and noninvasive venti-
lation (days), resuscitation, the occurrence of any NEC, and
the stage of NEC, were entered in a questionnaire specifically
designed for the study. The data were either obtained directly
from the parents or extracted from their medical records.

Neonates were monitored in regard of NEC from the onset
of feeding until discharge from the hospital. The diagnosis of

NEC and its severity were established according to Bell’s
staging criteria.19 NEC was diagnosed by a clinical team at
the hospital, whose members were not involved in the re-
search project.

Ethical statement

All steps of the study were performed in accordance with
the Declaration of Helsinki (ethical principles for medical
research involving human subjects), and the regulations of
the ethics committee of Iran University of Medical Sciences
(IR.IUMS.FMD.REC.1398.504). Informed consent was ob-
tained from parents after explaining the study protocol. The
members were free to discontinue their participation at any
time. All personal data were treated confidentially and only
reported in collective form.

Statistical analysis

The data were computerized and analyzed using the
Statistical Package of Social Sciences (SPSS), version 21.0
(SPSS, Inc., Chicago, IL, USA). Qualitative variables were
described by frequency (percentage), and comparison be-
tween groups was performed with the chi-square test.
Quantitative variables were expressed as mean (standard
deviation) and median (interquartile range [IQR]). The
one-sample Kolmogorov–Smirnov test was used to test for
normal distribution of quantitative data. Student’s t-test was
used for data comparison between groups. The relationship
between variables and the incidence of any NEC was in-
vestigated by logistic regression. The level of significance
was set to 0.05.

Results

Of 147 VLBW neonates, 120 were deemed eligible for
the study (60 each in the intervention and the control group).

FIG. 2. Comparison of
gestational age in the inter-
vention and control groups.
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Of the eligible cases, eight each were excluded from the
intervention and control groups. Finally, 52 cases were ana-
lyzed in each group (Fig. 1).

The minimum and maximum gestational age of the neo-
nates was 26 and 33 weeks, respectively. The comparison of
gestational age in the two groups is shown in Figure 2.

The minimum and maximum neonatal birth weight was
700 and 1,500 g, respectively. Nearly 32% of the neonates
included in the study weighed >1,400 g. A comparison of
neonatal birth weight in two groups is shown in Figure 3.

Baseline variables, including sex, gestational age, birth
weight, birth Apgar, and 5-minute Apgar scores, did not
differ significantly between the two groups (Table 1).

The duration of mechanical ventilation was 2.21 days
longer in the control group than in the intervention group, but
the difference was not statistically significant. Feeding was
started 4.9 – 2.7 and 6.7 – 8.5 days after birth in the inter-
vention and control groups, respectively. Overall, 68.3% (71/
104) of the neonates included in this study needed resusci-
tation. The resuscitation rate did not differ significantly
between groups. By day 90, 36.54% (19/52) and 65.38% (34/
52) of neonates were discharged in the intervention and
control groups, respectively.

Any NEC was reported in 0% and 10% (5/52) of patients in
the intervention and control groups, respectively; the differ-
ence was significant ( p = 0.028). Symptoms of any NEC
started nearly 34 days after birth. Four cases of NEC were
classified as Bell stage I, and one was classified as Bell stage
II. Three cases of any NEC were male (60%). The median
(IQR) gestational age was 29 (29, 30) weeks, the median birth
weight 1,250 g, and the median Apgar score at birth 5. The
chi-square test revealed no statistical relationship between
sex and the incidence of any NEC ( p = 0.777). The logistic
regression test showed that gestational age, birth weight, and
the onset of feeding did not affect the incidence of any NEC
( p = 0.362, p = 0.827, and p = 0.974, respectively). Clinical
characteristics of the two groups are shown in Table 1.

Discussion

Despite numerous publications on the etiology of NEC, the
role of cow’s milk protein in the incidence of NEC has been
scarcely investigated.6,10,20 This randomized double-blind
study was designed to evaluate the effect of maternal diet
without bovine protein on the incidence of NEC in VLBW
neonates.

The incidence of NEC in this study in general, without
considering the study arms, was 4.8%. The incidence of NEC
has been reported to vary from 2% to 13% in preterm and
VLBW infants.2–5 A maternal diet devoid of bovine protein
for 14 days was shown to affect the incidence of NEC (0%
versus 10% in the intervention and control groups, respec-
tively). Our data support previous studies which reported that
bovine protein has an effect on NEC in VLBW neonates.21,22

FIG. 3. Comparison of birth
weight in the intervention and
control groups.

Table 1. Demographic and Clinical

Characteristics of the Two Groups

Variables

Intervention
group

(n = 52)

Control
group

(n = 52) pa

Sex (male) 21 (40.4%) 28 (53.9%) 0.169
Gestational age, weeks 29.9 – 1.5 30.05 – 1.7 0.736
Birth weight, grams 1210 – 221 1,234 – 199 0.574
Birth Apgar 6.2 – 1.8 5.9 – 1.9 0.371
5-Minute Apgar 8.4 – 0.93 8.1 – 1.07 0.116
Mechanical

ventilation (yes)
33 (63.5) 34 (65.4) 0.51

Duration of mechanical
ventilation, days

3.84 – 3.85 6.05 – 9.05 0.201

CPAP/NIV
duration, days

3.04 – 1.7 4.3 – 5.05 0.113

Day of onset of feeding 4.9 – 2.7 6.7 – 8.5 0.143
Resuscitation (yes) 33 (63.5%) 38 (73.1%) 0.292
Discharge from hospital 55.5 – 31.6 67.5 – 32.2 0.057
Any NEC (yes) 0 5 (10.0%) 0.028

Continuous values are presented as mean – SD, and categorical
variables as numbers (%).

aThe p-value was calculated by the chi-square test (for categorical
variables) or the Student’s t-test (for continuous variables) to
determine differences between groups.

CPAP, continuous positive airway pressure; NEC, necrotizing
enterocolitis; NIV, noninvasive ventilation; SD, standard deviation.
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Abrams et al. divided preterm infants into the two groups of
MOM and formula feeding with cow’s milk protein, and
reported an NEC incidence of 5% in the MOM group and
17% in the cow’s milk group; the between-group difference
was significant.23

In a study performed by Cordova et al., 9 of 14 infants with
an intolerance to cow’s milk developed NEC after an average
of 22 days and the mothers had a history of consuming a
bovine protein diet,10 which is consistent with our data. In a
multicenter study comparing MOM and cow’s milk in regard
of neonatal complications in 1,587 neonates, significantly
fewer cases of NEC were observed in infants fed on human
milk (6.9%) than in those fed on cow’s milk protein (16.7%).
Mortality rates, sepsis, retinopathy of prematurity, broncho-
pulmonary dysplasia,6 nutritional intolerance, the incidence
of NEC, and hospitalization costs per infant were lower in
infants who were fed with MOM.7,24

In 2020, a retrospective study was performed on 319 in-
fants, of whom one group was fed with breast milk plus
formula and another with breast milk and donated breast
milk. The NEC rate was lower in exclusively breastfed in-
fants (8% versus 6%), although the breastfed/formula-fed
group was less expensive in terms of hospitalization and
feeding costs.25

In this study, the symptoms of NEC started nearly 34 days
after birth, and the length of the hospital stay was shorter in
the intervention group than in the control group (67.5 – 32.2
days versus 55.5 – 31.6 days). The data of this study revealed
that an exclusively human milk-based diet in preterm infants
is associated with better recovery of body composition
through the promotion of fat-free mass deposition, which
may ultimately lead to better metabolic and neurodevelop-
mental outcomes.26,27

In this study, logistic regression showed no statistical re-
lationship between sex, gestational age, birth weight, and the
onset of feeding with the incidence of NEC. Contrary to our
data, a previous study reported an inverse relationship be-
tween gestational age, birth weight and the incidence of NEC,
and a slightly higher prevalence of NEC in male neonates.28

Preterm birth has been described as the most important risk
factor for NEC, since >90% of neonates with NEC are pre-
term infants.19,29 An allergy to cow’s milk protein may cause
milk intolerance and play a role in the pathogenesis of the
disease.30,31

Strengths and limitations

The main strength of this study was the randomized blind
assessment of patients while considering several criteria to
reduce the effect of confounders on the study outcomes.
Although the present investigations yielded important data,
its limitations are worthy of note. One of these was the small
sample size. A second limitation was the short follow-up
period until discharge. A third limitation was that we included
any stage of NEC. Stage 1, or suspected NEC, includes pa-
tients who present with the mildest of symptoms. It has been
proven that the majority of patients with stage 1 NEC never
develop intestinal necrosis. Thus, these may have been cases of
nonspecific feeding intolerance and not NEC. The preliminary
data obtained in this study should be confirmed in high-quality
clinical trials with large sample sizes and a long follow-up
period, including the various stages of NEC.

Conclusion

This study showed that a 2-week bovine protein-free
diet for mothers of VLBW infants with similar demographics
and health conditions is able to reduce the incidence of NEC
in neonates. The data need to be confirmed in multicenter
studies with larger sample sizes and staging of NEC.
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