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Abstract

Background: The first six months of life are a critical period for infant feeding and healthy growth, immune
maturation and early neurodevelopment. Comparative data on infants who are fed exclusively with breastmilk,
donor human milk or mixed feeding in routine postnatal care, however, are still limited.

Methods: A prospective cohort study of 170 clinically stable term and late-preterm infants followed from birth
to six months in a tertiary-care maternal-child health unit. Infants were categorized into three groups: exclusive
breastmilk (EBM; n=62), pasteurized donor human milk when maternal milk was not enough (DHM; n=48),
and mixed feeding (MF; n=60) with breastmilk and formula. Anthropometry was measured monthly and
analysed using WHO growth standards. Structured age-appropriate developmental screening was used to
measure development at 6 months of age.

Results: There were no differences in baseline gestational age and anthropometry of the children. At six
months, mean weight was 7.424+0.74 kg in the EBM group, 7.1840.68 kg in the DHM group and 7.55+0.79 kg
in the MF group (p=0.041). There was no significant difference between length and head circumference. Mean
cognitive scores were highest in EBM infants (101.6+7.4), followed by DHM (100.4+7.2) and MF (98.248.1;
p=0.032). The rate of any developmental concern was 3.2%, 4.2% and 11.7% of infants, respectively (p=0.046).
Diarrhoeal episodes were more frequent in the MF group (23.3%) than in the EBM (8.1%) and DHM (10.4%)
groups (p=0.018).

Conclusion: Exclusive breastmilk and donor human milk-supported feeding was correlated with satisfactory
growth and marginally better early developmental and morbidity profile than mixed feeding. Enhanced lactation
support and controlled access to donor milk could have a positive impact on early life outcomes.
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Introduction

Human milk is recognized as the biological
reference standard for infant nutrition due to its
energy, macronutrient, micronutrient and bioactive
content tailored to the infant's developmental stage.
Breastfeeding has been shown to reduce infectious
morbidity and mortality in the world and could
provide longer-term cognitive and metabolic
benefits [1]. The American Academy of Pediatrics
suggests exclusive breastfeeding for about the first
6 months of life, and then breastfeeding with
appropriate complementary feeding for 2 years or
longer, as long as both parties desire to continue
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[2]. The nutritional superiority of breastmilk is not
only due to its digestible protein, lipid and
carbohydrate composition, but also to its changing
composition of immunoglobulins, lactoferrin,
lysozyme, oligosaccharides, hormones, growth
factors, enzymes and living cells. These
constituents contribute to the development of
mucosal immunity, maturation of the gut,
development of the microbiome, and appetite
regulation [3,4]. Therefore, growth assessment of
infants should be compared to standards from
healthy breastfed infants, not formula-fed infants
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[5]. The first six months are also a critical time for
brain development, sensory-motor integration and
caregiver-infant interaction. Longer and exclusive
breastfeeding has been linked to small
improvements in cognitive, language and
intelligence development, after controlling for
socioeconomic and maternal factors, in both
randomized and longitudinal studies [6,7].
Breastfeeding has been shown to be associated with
better performance in intelligence tests by a meta-
analysis, but there are residual confounding and
variation in the definitions of exposure [8]. A large
prospective birth cohort from Brazil also found that
breastfeeding duration was correlated with
intelligence, schooling and income at 30 years,
suggesting that early nutrition could have a life-
long impact on human capital [9].

In the absence of mother's milk or when it is not
available, pasteurized donor human milk is
increasingly being utilized, especially in neonatal
units and human milk-bank networks. Donor
human milk has many human milk-specific
bioactive properties, with some immunological and
enzymatic  activity possibly lost due to
pasteurization and donor-pool variability. In
preterm or low birth weight infants, donor human
milk has been shown to reduce the risk of NEC
when compared to formula, but may be correlated
with slower early weight gain if not fortified
appropriately [10-12].

Although milk-bank services have increased, there
is little prospective evidence that can be used to
compare early growth and developmental outcomes
for stable infants who are exclusively breastfed, fed
donor human milk, and fed mixed feeds during the
first 6 months of life. Previous studies in very
preterm infants have shown that exposure to human
milk is important for later neurodevelopment, but
these studies cannot be directly applied to term and
late-preterm infants in the community setting of
routine follow-up [13].

The purpose of the present study was thus to
compare anthropometric growth, early
developmental performance and selected morbidity
outcomes between infants who were exclusively
breastfed, exclusively fed donor human milk and
infants who were fed mixed feeding in the first 6
months of life.

Materials and Methods

Study design and setting: This was a prospective
observational cohort study carried out in the
postnatal ward, the newborn follow-up clinic and
the lactation support unit of a tertiary care hospital
for 18 months. Infants were recruited within 72
hours after birth and followed monthly until 6
months chronological age.
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Study population: Singleton infants born at 34-42
completed weeks of gestation and with birth
weights of 1800 g or more were eligible. Infants
were excluded if they had major congenital
anomalies, chromosomal disorders, congenital
infections, inborn errors of metabolism, severe
birth asphyxia, gastrointestinal malformations, or
failed to have complete follow-up data, or if they
required more than 7 days of neonatal intensive
care. Mothers who had contraindications to
breastfeeding were also excluded.

Grouping of participants: Feeding exposure was
categorized based on the main pattern in the first
six months. The exclusive breastmilk group was
fed exclusively mother's milk (excluding prescribed
medicines or vitamin drops). Breastfeeding support
was provided and pasteurized donor human milk
was provided as the main supplement when
mothers own milk was not adequate. Mixed-
feeding group were fed breastmilk and commercial
infant formula for at least four weeks or more
consecutive feeds. Maternal diaries were used to
obtain feeding histories, and confirmed at monthly
visits.

Sample size: With a clinically relevant difference
of 0.35 in weight-for-age z-score between any two
groups, a standard deviation of 0.60, 80% power
and alpha error of 0.05, a minimum of 45 infants
per group was needed. 190 infants were enrolled,
with 180 completing the follow-up. Of the 200
infants, 170 infants were included in the analysis
(62 infants in the EBM group, 48 infants in the
DHM group, and 60 infants in the MF group).

Data collection: Maternal age, parity, education,
mode of delivery, gestational age, birth weight,
length, head circumference and early neonatal
morbidity were included as baseline data.
Anthropometry was taken by trained nurses using
calibrated infant weighing scales, infantometers
and non-stretchable measuring tapes. Weight,
length and head circumference z-scores were
calculated using WHO standards. Structured
screening was used to evaluate development at 6
months, including cognitive, language and motor
domains. Any score below 85 or failure on two
age-appropriate  milestones were considered
developmental concern. Data on morbidity
comprised  diarrhoeal  episodes, respiratory
infections, hospitalizations and antibiotic exposure.

Data analysis: SPSS 28.0 software was used for
statistical analysis. All continuous variables were
presented as mean + SD and all categorical
variables were presented as frequency and
percentage. One-way ANOVA with Tukey post-
hoc testing was used for normally distributed
continuous variables, while the Kruskal-Wallis test
was used for skewed variables. Chi-square or
Fisher’s exact test was applied for categorical
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variables. A multivariable linear regression model
adjusted for gestational age, birth weight, maternal
education, parity and mode of delivery was used to
examine the association between feeding group and
six-month developmental scores. The p value <
0.05 was regarded as statistically significant.

Results

A total of 170 infants were followed up for 6
months. The cohort included 88 male infants
(51.8%) and 82 female infants (48.2%). The
baseline maternal and neonatal characteristics were
generally similar between the feeding groups,
except that the mean gestational age and birth
weight were slightly lower in the DHM group, but
not significantly (Table 1). The rate of cesarean
delivery was 43.5% of EBM infants, 47.9% of
DHM infants and 45.0% of MF infants (p=0.891).

All groups had satisfactory mean anthropometric
progression at six months. The mean weight was
significantly different between groups, with the
highest mean weight in the MF group and the
lowest in the DHM group (p=0.041). After post-
hoc comparison, however, differences in length,
head circumference and weight-for-age z-scores
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were not statistically significant (Table 2). The
percentage of infants whose weight-for-age was
below —2 SD was 3.2% in EBM group, 6.3% in
DHM group and 5.0% in MF group (p=0.728).

There were slight but statistically significant
differences in cognitive and motor scores at
developmental screening at 6 months. The infants
fed with EBM had the highest mean cognitive and
motor scores, and the infants fed with mixed
feeding had the lowest scores. Any developmental
concern was identified in 2 infants (3.2%) in the
EBM group, 2 infants (4.2%) in the DHM group
and 7 infants (11.7%) in the MF group (p=0.046).
The rate of diarrhoeal morbidity was significantly
higher in the MF group compared to the two human
milk-dominant groups (p=0.018) and there were
non-significant trends for respiratory infections and
hospitalization rates (Table 3). In adjusted
regression analysis, EBM exposure was associated
with a 3.1-point higher cognitive score than MF
exposure (95% CI: 0.6 to 5.6; p=0.016), while
DHM exposure was not significantly associated
with a higher cognitive score (95% CI: —0.5 to 4.6;
p=0.112).

Table 1: Baseline maternal and neonatal characteristics of the study cohort

Variable EBM (n=62) DHM (n=48) MF (n=60) p-value
Maternal age (years) 279+4.1 28.4+4.6 27642 0.614
Primiparous mothers, n (%) 34 (54.8) 28 (58.3) 32 (53.3) 0.866
Maternal education > secondary, n (%) 47 (75.8) 34 (70.8) 41 (68.3) 0.642
Cesarean delivery, n (%) 27 (43.5) 23 (47.9) 27 (45.0) 0.891
Gestational age (weeks) 38.1+1.2 375+ 1.5 378+ 1.3 0.067
Male sex, n (%) 32 (51.6) 24 (50.0) 32 (53.3) 0.940
Birth weight (kg) 2.93+£0.37 2.78 £0.42 2.86 +0.39 0.082
Birth length (cm) 49.1+1.8 48.6 £2.0 48.8+1.9 0.346
Birth head circumference (cm) 33.8+1.1 33.5+£1.2 33.7+£1.1 0.421

EBM: exclusive breastmilk; DHM: donor human milk; MF: mixed feeding. Values are mean = SD unless

otherwise stated.

Table 2: Anthropometric outcomes at six months according to feeding pattern

Qutcome at 6 months EBM (n=62) DHM (n=48) MF (n=60) p-value
Weight (kg) 7.42 £0.74 7.18 £0.68 7.55+£0.79 0.041
Mean weight gain (g/day) 25.0+4.1 243+£39 25643 0.048
Length (cm) 65.8+23 652+2.1 65.6+£24 0.210
Head circumference (cm) 427+13 424+12 425+14 0.370
Weight-for-age z-score —0.04 £ 0.71 —0.18 £ 0.66 0.09£0.75 0.058
Length-for-age z-score —0.02 £ 0.63 —0.13+£0.59 —0.06 £ 0.65 0.652
Weight-for-length z-score 0.06 + 0.69 —0.05 + 0.64 0.18 +0.72 0.143
Weight-for-age <—2 SD, n (%) 2(3.2) 3(6.3) 3(5.0) 0.728

Z-scores were calculated using WHO child growth standards.
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Values are mean £+ SD unless otherwise stated.
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Table 3: Developmental and morbidity outcomes at six months

e-ISSN: 0976-822X, p-ISSN: 2961-6042

Outcome EBM (n=62) DHM (n=48) MF (n=60) p-value
Cognitive score 101.6+74 1004+ 7.2 98.2+8.1 0.032
Language score 100.8+7.1 99.6+7.5 97.9+£8.0 0.074
Motor score 101.9£6.8 100.2+7.0 98.6+74 0.028
Any developmental concern, n (%) 2(3.2) 2(4.2) 711.7) 0.046
At least one diarrhoeal episode, n (%) 5(8.1) 5104 14 (23.3) 0.018
Respiratory infection, n (%) 9 (14.5) 8 (16.7) 15 (25.0) 0.142
Hospitalization, n (%) 2(3.2) 2(4.2) 6 (10.0) 0.181
Antibiotic exposure, n (%) 6 (9.7 6 (12.5) 13 (21.7) 0.167

Developmental scores are standardized domain
scores with mean 100 and SD 15. Values are mean
+ SD unless otherwise stated.

Discussion

In the present prospective cohort study, infants who
were exclusively breastfed, those who were fed
donor human milk-supported feeding and those
who were fed mixed feeding had acceptable mean
growth at 6 months. The mean weight and daily
weight gain were slightly higher in the mixed-fed
infants, while cognitive and motor scores were
marginally better in exclusive breastmilk infants
and diarrhoeal illness rates were lower. Infants fed
donor human milk had growth and developmental
outcomes similar to infants fed exclusively with
breastmilk but better than infants fed mixed feeds,
indicating that human milk exposure may continue
to be beneficial in infants fed partially with
pasteurized donor milk.

The increase in mean weight in the mixed-feeding
group should be interpreted with caution. Formula
supplementation may increase energy and protein
intake, leading to greater early weight gain. But fast
infant weight gain does not necessarily equal good
growth, especially if linear growth and head
circumference are comparable for all feeding
groups. The WHO standards were specifically
designed from healthy breastfed populations and
focus on physiological growth, not maximum
weight gain [5]. Our findings thus suggest that
ongoing monitoring should be encouraged instead
of routine formula feeding for weight gain.

The lower diarrhoeal morbidity rates in the EBM
and DHM groups are biologically plausible.
Pathogen exclusion and immune maturation is
provided by human milk oligosaccharides,
secretory IgA, lactoferrin and other antimicrobial
factors [3,4]. The pattern of NEC and morbidity has
been consistently lower in infants fed human milk
than in infants fed formula in systematic reviews in
the preterm and low-birth-weight populations [10-
12]. Our cohort was not made up of very-low-birth-
weight infants, but the direction of association is
consistent with the overall protective effect of
human milk on early gastrointestinal health.
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There were small but clinically significant
developmental differences at six months. After
adjustment, exclusive breastmilk exposure was
correlated with about three more score points on
the cognitive scale. This size is comparable to the
cognitive benefits found in earlier studies for
breastfeeding length and exclusivity [6-9] that were
small but significant. These may involve long-
chain polyunsaturated fatty acids, choline,
sphingomyelin, hormones, microbiome-mediated
immune signaling and increased mother-infant
interaction. Human milk exposure has been linked
to better brain development and neurocognitive
outcomes in preterm cohorts, further highlighting
the significance of human milk during critical
windows of neural maturation [14].

The DHM group was not identical to the EBM
group, which may be due to differences in
maternal-infant dyadic interaction, donor milk
processing, nutrient variability and Dbaseline
neonatal vulnerability. However, recent studies in
low-risk or moderate to late preterm infants have
shown that donor milk supplementation does not
necessarily demonstrate superiority over formula
for all short-term outcomes, especially when given
for a short duration [15,16]. However, donor milk
is still a valuable option when maternal milk is not
available, particularly when paired with intensive
lactation support and personalized nutrition
monitoring.

Our results are consistent with previous
randomized studies that found that mother's milk
was linked to fewer infection-related outcomes than
donor milk or preterm formula in extremely
premature infants [17]. They also corroborate the
overall finding of the Cochrane review on
exclusive breastfeeding duration, which did not
provide consistent evidence of growth deficit with
exclusive breastfeeding up to 6 months, but did
provide evidence of protection  against
gastrointestinal infection [18]. The clinical teams
should not consider donor human milk as a
substitute for mother's milk, but rather as a
complementary milk in the context of a hierarchy
that prioritizes mother's milk, followed by donor
milk when clinically indicated, and finally by
formula when human milk is not available, not
enough or not suitable.
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The strengths of this study are that it is prospective,
is followed up monthly, and uses a standard
anthropometric measurement and simultaneous
evaluation of growth, development and morbidity.
Some restrictions should be noted, however.
Exposure to feeding was not randomized and
residual confounding due to maternal motivation,
socioeconomic factors and health-seeking behavior
is possible. Assessment of development was done
at six months using a screening instrument instead
of a full diagnostic battery of neurodevelopmental
tests. No biochemically analysis of donor milk
composition or exact volumes were performed.
Lastly, the follow-up period was six months only,
and a longer period of follow-up is required to see
if early developmental differences continue through
later infancy and childhood.

Conclusion

Infants fed exclusively with breastmilk and donor
human milk had satisfactory growth in the first 6
months, and had lower diarrhoeal morbidity and
modestly higher early developmental scores than
those fed with mixed feeding. There were no
benefits of mixed feeding for length, head
circumference or developmental screening results,
but slightly higher weight gain was seen. In
environments where mothers' milk supply is
delayed or inadequate, strengthening breastfeeding
counselling, early lactation support and safe access
to donor human milk may help optimize infant
growth and developmental health.

References

1. Victora CG, Bahl R, Barros AJD, Franca
GVA, Horton S, Krasevec J, et al
Breastfeeding in the 21st century: epidemio
logy, mechanisms, and lifelong effect. Lancet.
2016;387(10017):475-490. doi: 10.1016/S0
140-6736(15)01024-7. PMID:26869575.

2. Meek JY, Noble L; Section on Breastfeeding.
Policy statement: breastfeeding and the use of
human milk. Pediatrics. 2022;150(1):e20
22057988. doi:10.1542/peds.2022-057988.
PMID: 35921640.

3. Martin CR, Ling PR, Blackburn GL. Review
of infant feeding: key features of breast milk
and infant formula. Nutrients. 2016;8(5):279.
doi:10.3390/nu8050279. PMID:27187450.

4. Ballard O, Morrow AL. Human milk compos
ition: nutrients and bioactive factors. Pediatr
Clin North Am. 2013;60(1):49-74. doi:10.
1016/j.pcl.2012.10.002. PMID:23178060.

5. WHO Multicentre Growth Reference Study
Group. WHO Child Growth Standards based
on length/height, weight and age. Acta Paediatr
Suppl. 2006;450:76-85. doi:10.1111/j.1651-
2227.2006.tb02378.x. PMID:16817681.

6. Kramer MS, Aboud F, Mironova E,
Vanilovich I, Platt RW, Matush L, et al

Mistry et al.

10.

11.

12.

13.

14.

15.

e-ISSN: 0976-822X, p-ISSN: 2961-6042

Breastfeeding and child cognitive
development: new evidence from a large
randomized trial. Arch Gen Psychiatry. 2008;
65(5):578-584. doi:10.1001/archpsyc.65.5.578.
PMID:18458209.

Belfort MB, Rifas-Shiman SL, Kleinman KP,
Guthrie LB, Bellinger DC, Taveras EM, et al.
Infant feeding and childhood cognition at ages
3 and 7 years. JAMA Pediatr. 2013;167(9):
836-844.d0i:10.1001/jamapediatrics.2013.455.
PMID: 23896931.

Horta BL, Loret de Mola C, Victora CG.
Breastfeeding and intelligence: a systematic
review and meta-analysis. Acta Paediatr. 2015;
104(S467):14-19. doi:10.1111/apa.13139.
PMID:26211556.

Victora CG, Horta BL, de Mola CL, Quevedo
L, Pinheiro RT, Gigante DP, et al. Association
between breastfeeding and intelligence,
educational attainment, and income at 30 years
of age: a prospective birth cohort study from
Brazil. Lancet Glob Health. 2015;3(4):e199-
€205. doi:10.1016/S2214-109X(15)70002-1.
PMID: 25794674.

Quigley M, Embleton ND, McGuire W.
Formula versus donor breast milk for feeding
preterm or low birth weight infants. Cochrane
Database Syst Rev. 2019;7(7):CD002971.
doi:10.1002/14651858.CD002971.pubs.
PMID: 31322731.

Boyd CA, Quigley MA, Brocklehurst P. Donor
breast milk versus infant formula for preterm
infants: systematic review and meta-analysis.
Arch Dis Child Fetal Neonatal Ed. 2007,
92(3):F169-F175. doi:10.1136/adc.2005.08949
0. PMID:16556615.

Miller J, Tonkin E, Damarell RA, McPhee AlJ,
Suganuma M, Suganuma H, et al. A systematic
review and meta-analysis of human milk
feeding and morbidity in very low birth weight
infants. Nutrients. 2018;10(6):707. doi:10.33
90/nu10060707. PMID:29857593.

Lucas A, Morley R, Cole TJ, Lister G, Leeson-
Payne C. Randomised trial of early diet in
preterm babies and later intelligence quotient.
BMJ. 1998;317(7171):1481-1487. doi:10.113
6/bmj.317.7171.1481. PMID:9831573.

Belfort MB, Anderson PJ, Nowak VA, Lee KJ,
Molesworth C, Thompson DK, et al. Breast
milk feeding, brain development, and
neurocognitive outcomes: a 7-year longitudinal
study in infants born at less than 30 weeks'
gestation. J Pediatr. 2016;177:133-139.e1. doi:
10.1016/j.jpeds.2016.06.045. PMID:27566881.
McClintock T, Keir A, Collins CT, Makrides
M, Miller J. Donor human milk versus infant
formula for low-risk infants: a systematic
review. Pediatr Res. 2025;97(2):338-347.
doi:10.1038/541390-024-03309-x.

International Journal of Current Pharmaceutical Review and Research

635



International Journal of Current Pharmaceutical Review and Research

16.

17.

Mistry et al.

Rumbold AR, Lai MM, August D, Koorts P,
Donovan T, Yelland L, et al. Supplemental
donor milk vs infant formula in moderate to
late preterm infants: a randomized clinical
trial. JAMA Pediatr. 2025;179(10):1065-1073.
doi:10.1001/jamapediatrics.2025.2365.PMID:4
0758360.

Schanler RJ, Lau C, Hurst NM, Smith EO.
Randomized trial of donor human milk versus

18.

e-ISSN: 0976-822X, p-ISSN: 2961-6042

preterm formula as substitutes for mothers' ow
n milk in the feeding of extremely premature
infants. Pediatrics. 2005; 116(2):400-406.
doi:10.1542/peds.2004-1974.PMID:16061595.
Kramer MS, Kakuma R. Optimal duration of
exclusive breastfeeding. Cochrane Database
Syst Rev. 2012;2012(8):CD003517. doi:10.10
02/14651858.CD003517.pub2.
PMID:22895934.

International Journal of Current Pharmaceutical Review and Research

636



