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Abstract 

Background: Small for Gestational Age (SGA) neonates, characterized by birth weight and/or length 
below the 10th percentile for gestational age, face heightened risks of growth failure, or abnormal 
growth patterns along with and metabolic complications and developmental delays. Breastfeeding 
has been identified as a critical factor in promoting healthier growth and mitigating long-term health 
risks in both fullterm and preterm appropriate for gestational age (AGA) infants but similar studies 
in SGA infants are limited. Aim: This study reviewed the impact of breastfeeding on growth, and 
body composition in SGA neonates. Patients and methods: Using PubMed and Google Scholar 38 
relevant studies, were identified, with 13 included in the final analysis, encompassing systematic 
reviews, randomized controlled trials, observational studies, and narrative reviews. Results: In 
preterm SGA neonates, exclusive human milk-based diets demonstrated superior outcomes 
compared to formula-based diets. Human milk promoted healthier catch-up growth without 
excessive fat accumulation along with reduced neonatal morbidities such as necrotizing enterocolitis, 
sepsis, and bronchopulmonary dysplasia. Advanced body composition methods, such as dual-
energy X-ray absorptiometry (DXA), confirmed the protective metabolic benefits of human milk. 
Fortification strategies were found to enhance growth outcomes in donor milk-fed infants. For 
fullterm SGA neonates, exclusive breastfeeding for six months was associated with healthy catch-up 
growth without predisposing infants to obesity or excessive fat accumulation. Breastfed SGA infants 
exhibited normal or reduced adiposity, and favourable endocrine profiles. Conclusion: breastfeeding 
consistently emerged as a protective factor for SGA neonates, promoting healthier growth patterns. 
Further high-quality studies are needed to corroborate the observed patterns. 

Keywords : SGA; preterm infant; breastfeeding; human milk; growth; obesity 
 

Introduction 

Small for Gestational Age (SGA)  

Small for Gestational Age (SGA) is a term that refers to neonates born with a birth weight and/or 
birth length below -2 standard deviation scores (SDS) or the 10th percentile for gestational age and 
sex (1). The occurrence of SGA may result from a pathological process or may reflect constitutionally 
small fetuses (2). A term that should not be confused with SGA is IUGR (Intrauterine growth 
restriction) which refers to the state of fetus that is unable to achieve its growth potential due to an 
adverse intrauterine environment, based on serial fetal ultrasound measurements (1). Additionally, 
it is important to note that SGA neonates may be born either at term or preterm. Regardless of the 
gestational age, SGA infants represent a high-risk group for developmental delays and long-term 
adverse metabolic outcomes. Firstly, SGA newborns have a higher probability of complications such 
as sepsis and the need for mechanical ventilation, which are directly linked to poorer 
neurodevelopmental outcomes. Moreover, SGA newborns have a higher incidence of infections, 
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including gastroenteritis and respiratory infections (3). As far as the long-term outcomes pertain, 
SGAs are at a higher risk of developing chronic diseases such as diabetes, hypertension, obesity, and 
cardiovascular disease. Longitudinal studies following SGA individuals into adulthood indicate that 
cognitive developmental challenges primarily manifest as poor academic performance in childhood, 
though differences in cognitive function appear to diminish in adulthood. 

The outcomes described above are highly associated with catch-up growth in weight, length and 
head circumference during the first months of postnatal life which is also associated with lower 
insulin sensitivity, reduced HDL-cholesterol levels, elevated triglyceride concentrations, increased 
obesity risk, and early markers of atherosclerosis (4). Thus, postnatal growth patterns in these 
populations seems to be very important in short term and long-term.   

Human Milk and Breastfeeding 

Human milk is a complex biological fluid that contains all the essential nutrients and functional 
components that contribute to short-and long-term health positive outcomes. These include essential 
long-chain fatty acids, complex oligosaccharides, nucleotides, bioactive signaling proteins and 
hormones. Human milk provides the optimal nutrition for infants and is key to sustaining health and 
building the foundation for growth and cognitive development. The World Health Organization 
(WHO) recommends that infants should be exclusively breastfed for the first 6 months of life. (2)     

Breastfeeding has numerous benefits for term neonates. It is important to highlight that, 
breastfeeding is associated with a decreased risk of obesity in childhood and adolescence, as well as 
a lower incidence of hypertension and high cholesterol in adulthood.  Moreover, exclusive 
breastfeeding for a minimum duration of three months is associated with a reduced risk and severity 
of diarrhea and respiratory infections and when it is continued for at least six months it reduces 
additionally the likelihood of allergic diseases in infants who are genetically predisposed. Lastly, it 
is linked to a modest enhancement in cognitive development test performance (5) The protective 
mechanisms behind breastfeeding benefits stem from both milk composition and natural feeding 
patterns. Human milk provides balanced nutrients supporting optimal growth without excess weight 
gain, while delivering protective antibodies and immune factors (6). This slower, steadier growth 
reduces risks of early insulin resistance (7).  

This evidence about the benefits of breastfeeding especially in regard growth is valid for full 
term normal weight newborns. As far as the SGA pertain, evidence about feeding practices’ 
consequences is not well established because they are less likely to initiate and continue breastfeeding 
than other newborns. Especially the nutritional management of preterm small-for-gestational-age 
(SGA) neonates in regards their immediate and latter growth represents one of the most complex 
challenges in neonatal care. These infants, already compromised by intrauterine growth restriction 
and premature birth, present a unique dilemma where immediate nutritional interventions must 
balance short-term growth requirements against long-term developmental optimization. 

A deeper understanding of the role of breastfeeding in SGAs in regard their early and later 
growth patterns will help to enhance outcomes in vulnerable populations, including term and 
premature SGA infants, which thus the low birthweight may have special dietary needs. 

Methods 

We searched Pubmed and Google Scholar for relevant studies on implementation of 
breastfeeding on both term and preterm SGA neonates in regard their growth. The following terms 
when used: “breastfeeding” or “human milk”, and “SGA” or “IUGR” or “in utero growth 
restriction”, or “in utero growth retardation” combined with the terms body weight, body 
composition, obesity up to June 2025.The initial literature search identified 38 relevant studies. The 
titles, and then abstracts of the retrieved articles, were scanned for relevance. We also reviewed the 
reference lists of the retrieved articles in search of other relevant articles that could have been missed 
in the initial search. Finally, 13 articles were included in this narrative review.  
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Preterm SGA Neonates and Breastfeeding 

Fleig et al (8), have conducted a multicenter, retrospective cohort study in the US to compare 
the growth and neonatal outcomes of small for gestational age preterm infants who were fed either 
a cow’s milk-based diet or an exclusive human milk-based diet. The study included 197 infants in the 
cow’s milk-based diet group and 223 infants in the exclusive human milk-based diet group, with data 
collected from electronic medical records over approximately two years before and after the 
introduction of the exclusive human milk-based diet. Growth velocities and neonatal morbidities 
were compared between the cow’s milk-based diet and human milk-based diet groups. The results 
indicated that SGA preterm infants who received a human milk-based diet showed improved length 
Z-scores at discharge compared to those fed a cow’s milk-based diet. Despite initial concerns 
regarding growth in infants fed a human milk-based diet, SGA infants on this regimen achieved 
comparable growth outcomes to those in the cow’s milk-based diet group, with some parameters 
indicating a trend toward improvement. Similarly, a single-center, longitudinal cohort study from 
US (9) evaluated the benefits of an exclusive human milk-based diet for premature infants (<37 weeks 
gestation). This study included 51 preterm neonates, comprising both 33 AGA and 18 SGA neonates, 
all of whom were fed exclusively with human milk. Assessments were conducted at 12–15 months 
corrected gestational age (visit 1) for anthropometric measurements, serum glucose, and non-fasting 
insulin, as well as at 18–22 months corrected gestational age (visit 2) for body composition analysis 
using dual-energy X-ray absorptiometry. This study indicated that premature infants fed exclusively 
with human milk exhibited improved long-term body composition and metabolic outcomes, with 
SGA infants demonstrating greater catch-up growth without increased adiposity or insulin resistance 
compared to appropriate for gestational age (AGA) infants at two years of age. Furthermore, very 
low birth weight infants who received an exclusive human milk-based diet indicated superior growth 
outcomes and a lower rate of postnatal growth failure at discharge.  

According to the large study conducted by Belfort et al (10), in US which included 138,703 infants 
for diet-growth analysis and examined surviving infants born between 23 and 29 weeks of gestation 
or with a birth weight of 401–1500 grams from 2007 to 2016, human milk provided notable benefits 
for preterm neonates. The primary exposure variable was the enteral diet administered within 24 
hours of discharge or transfer from the neonatal intensive care unit, categorized into three groups: 
exclusive human milk (8977), mixed feeding (65706), and exclusive formula feeding (64020). The main 
outcomes measured were weight gain and head growth, assessed through z-score changes from birth 
to discharge. Linear regression models were employed to estimate growth parameters while 
adjusting for confounders and clustering within hospitals. The study found that very preterm infants 
fed human milk (either unfortified or fortified) had slower weight gain and head growth compared 
to those fed infant formula. Among the SGA infants that was included in this study, absolute weight 
gain and head growth were faster than in AGA infants (for bottle fed infants, weight gain velocity 
was found to be 14.4 g/kg/d in SGA infants compared with 12.8 g/kg/d in AGA infants while in 
human milk fed infants, they were 13.9 and 12.43 in SGA and AGA respectively). The difference in 
growth between diet groups was similar. 

A retrospective cohort study by Hofi et al (11), in Israel utilizing medical records from the Kaplan 
Medical Center NICU (2012–2018), examined the impact of breastfeeding on SGA preterm infants. 
The study included 80 infants, divided into two cohorts: those receiving fortified mother’s own milk 
and those fed preterm formula. Anthropometric data including weight, length/height and head 
circumference at a corrected age of two years, were analyzed using statistical methods to compare 
growth outcomes. The measurements were converted to z-scores according to standardized age and 
sex, and changes in z-scores (Δ z-scores) were calculated from birth to discharge and from birth to 
the 2-year follow-up. The study found notable differences in growth outcomes between preterm 
formula and fortified mother’s own milk for small for gestational age (SGA) preterm infants. At 
Discharge preterm formula -fed infants had smaller decreases in weight and length z-scores 
compared to mother’s own milk -fed infants.  mother’s own milk -fed infants experienced a larger 
negative change in weight z-score (−0.47 vs. −0.25, P = 0.01) and length z-score (−0.63 vs. −0.27, P = 
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0.03). Moreover, preterm formula -fed infants showed a greater positive change in HC z-score (0.41 
vs. 0.13, P = 0.04). Nearly half (47%) of mother’s own milk -fed infants experienced poor length 
growth, compared to 22% of preterm formula-fed infants (P = 0.03). At 2-Year Corrected Age (CA): 
preterm formula -fed infants achieved significantly greater height catch-up growth (68% vs. 40%, P = 
0.02) and a larger increase in height z-score (1.33 vs. 0.64, P = 0.02). Both groups showed similar 
increases in weight and HC z-scores, though preterm formula -fed infants had a higher proportion 
achieving HC catch-up growth (71% vs. 43%, P = 0.05). Overall, preterm formula-fed infants 
demonstrated better growth outcomes in weight, length, and HC at discharge and faster height catch-
up growth at 2-year CA compared to mother’s own milk -fed infants. The study indicates that 
mother’s own milk -fed infants may require additional nutritional support to achieve optimal growth.  

Bushati et al. (12) conducted a study in a 52-bed Level III Neonatal Intensive Care Unit in the 
USA to enhance feeding tolerance in 64 extremely low birth weight infants by implementing an 
exclusive human milk diet. Prior to exclusive human milk diet implementation, extremely low 
birthweight infants received human milk supplemented with bovine milk-based fortifiers. The 
historical cohort (n=49) received human milk with BOV-f, whereas the exclusive human milk diet 
cohort (n=15) was exclusively fed with human milk. Milk preparation and storage were centralized 
in a designated milk room, adhering to strict fortification protocols. Weight was measured daily and 
recorded in grams and weight percentiles and z-scores were calculated using the Fenton growth 
curves (13). Length was measured weekly, typically starting at 1 week of life, using a measuring tape 
or ideally a length board and linear growth was recorded in centimeters, growth velocities 
(centimeters per week), length percentiles, and z-scores based on the Fenton growth curves. 
Occipitofrontal Circumference (OFC) was measured at birth and weekly thereafter using a paper 
measuring tape. Head growth was recorded in centimeters, growth velocities (centimeters per week), 
and z-scores according to the Fenton growth curves. Z-scores were used to measure deviations from 
the mean growth parameter specific to gestational age and sex, based on the Fenton growth charts. 
According to those measuring methods, small-for-gestational-age (SGA) neonates receiving an 
exclusive human milk diet (EHMD) experienced slower weight gain and linear growth during 
hospitalization but a greater catch-up growth at 2 years of age without increased adiposity or insulin 
resistance compared to average-for-gestational-age infants.  This suggests potential long-term 
metabolic benefits for SGA neonates. Regarding head growth, the study found no significant 
difference in occipitofrontal circumference parameters or OFC z-score changes between the EHMD 
cohort and the historical cohort during hospitalization.  This indicates that head growth in SGA 
neonates may not be adversely affected by an EHMD. 

Vesel et al. (14) conducted a multisite, prospective observational cohort study between 
September 2019 - January 2021, across 12 secondary and tertiary healthcare facilities in India, Malawi, 
and Tanzania. The study evaluated stable, 1114 moderately low-birth-weight infants (1.50 to <2.50 
kg) enrolled at birth, with follow-up visits conducted over six months. Key variables included birth 
weight, type of low-birth-weight infants, lactation practices, feeding profiles, and growth outcomes 
at six months. Data were collected via maternal interviews, medical chart reviews, and 
anthropometric measurements. Weight was measured at birth and at each of the nine study visits 
with standard methods. Linear mixed-effects models and quasi-likelihood estimation approaches 
were employed for statistical analyses. The study reported that exclusive breastfeeding provided 
optimal nutrition and supported growth and development, with 43.8% of infants exclusively 
breastfed for six months. Human milk feeding was the predominant feeding method, with most 
infants fed directly from the breast. Lactation support was provided to 77.1% of mother-infant dyads, 
including guidance on proper latching, positioning, and human milk expression, highlighting the 
importance of structured lactation management in optimizing growth outcomes. Preterm SGA 
neonates of this study had 1.89 (95% CI 1.37 to 2.62) and 2.32 (95% CI 1.48 to 3.62) times higher risk 
of being underweight at 6 months in comparison with AGA neonates. Term-SGA infants had 2.33 
(95% CI 1.77 to 3.08), 2.89 (95% CI 1.97 to 4.24) and 1.99 (95% CI 1.13 to 3.51) times higher risk of being 
underweight compared with preterm-AGA neonates. 
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A retrospective analysis by Vizzari et al (15) examined late preterm infants (gestational age 34–
36 weeks) born between 2009 and 2015. The study included 175 preterm infants with birth weights 
below the 10th percentile and excluded those with congenital abnormalities or severe medical 
conditions affecting growth. Data were collected from computerized medical charts and post 
discharge follow-up programs at 3, 6, 12, 24, and 36 months of corrected age. Logistic regression 
analysis identified variables associated with growth failure. The results indicated that infants 
receiving any human milk at discharge had a lower risk of failing to achieve catch-up growth in 
weight and length at 36 months. According to the study, breastfeeding was associated with improved 
metabolic and neurodevelopmental outcomes, with breastfed infants demonstrating a slower but 
more favourable growth trajectory compared to those receiving formula.  

Fullterm SGA Neonates and Breastfeeding 

A prospective study from Santiago et al (16) in Brazil, employing anthropometric measurements, 
body composition assessments, and cardiometabolic profiling in 20 term-born small-for-gestational-
age (SGA) and 12 AGA children, tracked until preschool age, indicates that exclusive breastfeeding 
for the first six months may provide protective benefits against cardiometabolic risks in SGA children. 
The mean duration of exclusive breastfeeding was 180 days for both SGA and AGA groups. The 
findings indicate that exclusive breastfeeding during the initial six months promotes healthy and 
accelerated weight gain in SGA children, enabling them to achieve catch-up growth without 
predisposing them to overweight or obesity by preschool age. Specifically, exclusive breastfeeding 
for six months was significantly associated with catch-up growth in SGA children. The study revealed 
that SGA children who were exclusively breastfed exhibited a greater velocity of weight gain 
compared to their AGA counterparts. Notably, the maximum weight gain delta was 1.43 in the SGA 
cohort, compared to 0.55 in the AGA group (p < 0.001). Furthermore, 85% of SGA children 
successfully attained recovery in anthropometric parameters for age within the first six months, with 
catch-up growth being defined as an increase in z-score of ≥ 0.67. Despite experiencing initial 
accelerated weight gain, SGA children remained thinner and smaller than AGA children at preschool 
age, indicating that while exclusive breastfeeding facilitates early catch-up growth, it does not 
contribute to excessive weight gain or obesity in later childhood. In terms of body composition at 
preschool age, exclusively breastfed SGA children exhibited normal or reduced adiposity compared 
to AGA children, indicating that exclusive breastfeeding does not contribute to excessive fat 
accumulation and is thus favourable for long-term health. Additionally, the study found no 
significant differences in cardiometabolic risk factors, including fasting blood glucose, insulin levels, 
homeostasis model assessment of insulin resistance (HOMA-IR), and blood pressure, between SGA 
and AGA children at preschool age. The authors speculate that exclusive breastfeeding may mitigate 
the heightened risk of cardiometabolic diseases typically associated with SGA births. Importantly, 
none of the SGA children in this study were diagnosed with overweight or obesity at preschool age, 
implying that exclusive breastfeeding may exert a protective effect against these conditions. 

Additionally, a study by Diaz et al in Spain (17) involving 117 term infants, including 63 AGA 
breastfed infants, 28 SGA breastfed infants, and 26 SGA formula-fed infants, explored the influence 
of breastfeeding versus formula feeding on circulating glucagon-like peptide-1 levels in SGA infants. 
The findings indicate that breastfeeding provides significant metabolic and endocrine advantages for 
SGA infants, potentially lowering their long-term risk of diabetes and other metabolic disorders. 
Anthropometric measurements, including weight and length, were recorded at birth and at four 
months, while body composition was evaluated using absorptiometry. According to the findings of 
the study, breastfeeding positively affects weight and length in SGA neonates. At four months SGA 
breastfed infants had an average weight of 6.3 kg, while SGA formula fed infants also had 6.3 kg but 
showed less favourable changes in BMI and ponderal index. At the same age additionally, SGA 
breastfed infants had an average length of 61.4 cm, which was slightly higher than the 61.1 cm 
observed in SGA-formula fed infants. Furthermore, a study, conducted at Queen Charlotte’s & 
Chelsea Maternity Hospital in UK, employed magnetic resonance imaging (MRI) to assess adipose 
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tissue content and distribution (18) and investigate the determinants of adiposity during preweaning 
postnatal growth in AGA and growth-restricted term infants.  A total of 35 singleton infants were 
scanned within the first five days after birth, including 25 appropriate-for-gestational-age and 10 
growth-restricted infants. Among them, 29 infants (21 AGA, 8 GR)—16 boys and 13 girls—underwent 
a second imaging session at six weeks old. Regarding feeding methods, 12 infants (9 AGA, 3 GR) 
were exclusively breastfed, 9 (6 AGA, 3 GR) were solely formula-fed, and 8 (6 AGA, 2 GR) received 
a combination of both breast milk and formula. According to the study, SGA infants exhibited 
complete catch-up in head growth and adiposity by six weeks, despite remaining lighter and shorter 
than AGA infants. The highest adiposity at six weeks that was observed in exclusively breastfed GR 
infants, indicated that breastfeeding supports improved fat deposition and metabolic health, 
potentially reducing the risk of obesity and related disorders later in life.  

A cohort study of term SGA infants born between January 2006 and November 2015 in China 
(19), further substantiates the advantages of breastfeeding for term neonates. The study collected data 
on gestational age, birth weight, sex, gravidity, and parity at birth, as well as feeding patterns from 0 
to 4 months. Parental characteristics, including weight, height, BMI, and educational background, 
were also recorded. The weight was measured using an electronic scale to the nearest 100 grams, the 
length in the supine position using a measurement bed to the nearest 0.1 cm and the height for 
children up to 3 years in a standing position using a measurement stadiometer. The author speculates 
that breastfeeding promotes optimal growth and development, including weight gain, by providing 
tailored nutrients and fostering better metabolic programming.  However, the extremely rapid 
weight gain pattern of term SGA infants in the first 2 years of life may increase the risk of 
overweight/obesity at 2 to 5 years of age.  

A cohort study in Spain investigating the impact of breastfeeding on body composition (by 
absorptiometry) and endocrine function in term SGA infants has further indicated the crucial role of 
human milk in fostering healthier growth patterns while mitigating the risk of future health 
complications (20).This study has  followed infants who were exclusively breastfed or formula-fed 
for the first four months, with body composition assessments conducted at two weeks and four 
months of age. (72 AGA,46 BRF SGA,56 FOF SGA). The results indicated that SGA infants who were 
breastfed prioritized lean mass recovery over fat mass, a process that remained largely unaltered by 
early nutrition. However, breastfeeding facilitated balanced weight gain without leading to an 
excessive increase in fat mass, a risk commonly linked to formula feeding. Moreover, SGA infants 
exhibited normal levels of high-molecular-weight (HMW) adiponectin and insulin-like growth factor 
I (IGF-I) at four months, whereas formula-fed infants tended to have elevated levels of these 
biomarkers. Furthermore, breastfeeding was associated with a reduced risk of metabolic disorders, 
such as diabetes and hypertension, later in life—a particularly critical factor for SGA infants, who are 
inherently more susceptible to such conditions. Additionally, breastfeeding was associated with a 
lower likelihood of cardiovascular diseases in SGA infants, reinforcing its significance in reducing 
the inherent susceptibility of these children to such health issues. 

Additionally, a study (7) evaluating the influence of early infancy feeding practices on fasting 
insulin levels in low birthweight neonates indicated benefits of exclusive breastfeeding for term SGA 
neonates. The study included 52 infants, 26 of whom received exclusive breast milk and 26 human 
milk fortifiers. Routine anthropometry and evaluation of health status was performed. The infants 
were followed up every 15 days up to three months. Statistical analyses indicated that exclusive 
breastfeeding was associated with slower and steadier weight gain, reducing the risk of early 
hyperinsulinemia and insulin resistance.  

Discussion 

The growth patterns of breastfed SGA infants as it has been shown in the few existing papers 
analysed in this review seems to lead in some conclusions that challenges conventional expectations 
about early nutrition and development. Santiago et al found that exclusively breastfed SGA infants 
demonstrate accelerated weight gain during their first six months compared to appropriately sized 
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peers, yet they do not develop overweight or obesity later in childhood. This appears counterintuitive 
given the established association between rapid early weight gain and subsequent obesity risk. 
However, these breastfed SGA infants remained leaner at preschool age despite their initial rapid 
catch-up, with weight gain consisting primarily of lean muscle rather than adipose tissue, suggesting 
that breast milk may direct growth patterns differently than formula feeding (16).The metabolic 
benefits extend beyond anthropometric measures to encompass protective hormonal programming, 
as breastfed SGA infants maintain healthier hormone levels, particularly GLP-1, which regulates 
long-term blood sugar control (17). While formula-fed SGA infants often exhibit concerning 
elevations in growth hormones and fat-regulating proteins, breastfed counterparts maintain more 
physiological levels (20). By preschool age, breastfed SGA children demonstrate completely 
normalized blood pressure, glucose, and insulin levels, effectively eliminating the metabolic 
disadvantage associated with their birth status, with research suggesting extended protection against 
diabetes, hypertension, and cardiovascular disease (16,20).  

Previous findings have implied that exclusive breastfeeding produces significantly lower BMI 
z-scores compared to expressed milk or formula feeding, revealing how natural feeding patterns 
drive metabolic advantages through the characteristic “breastfeeding paradox” of rapid initial 
growth followed by naturally moderated velocity (21-23). However, preterm SGA infants present a 
complex clinical challenge, as Belfort et al (10) demonstrated slower weight gain in human milk-fed 
infants (12.97 g/kg/day) with formula-fed counterparts showing superior discharge metrics including 
head circumference catch-up (71% vs. 43%, P = 0.05) (10,11). This creates an apparent paradox where 
the feeding strategy appearing suboptimal short-term may confer superior long-term advantages, 
though the marginally slower head growth warrants consideration given neurodevelopmental 
vulnerabilities (10).The implementation of breastfeeding paradigms have encountered significant 
clinical resistance from growth-focused monitoring systems developed for formula-fed populations, 
despite more recent  growth charts (13)(24) better representing breastfed infants and evidence that 
lower percentile expectations increase breastfeeding rates(25,26).  Slower growth trajectories in 
breastfed SGA infants may represent optimal metabolic programming rather than nutritional 
inadequacy, demanding clinical protocols that distinguish adaptive patterns from pathological 
failure while optimizing long-term outcomes for this vulnerable population. 

Breastfeeding facilitates sophisticated biological programming optimizing long-term metabolic 
health through moderated weight gain patterns. Breastfed infants exhibit slower weight gain after 
two to three months, resulting in lower weight z-scores but superior body composition with reduced 
fat mass and enhanced lean tissue development (27,28,29). For SGA infants, natural breastfeeding 
facilitates initial catch-up growth when needed while transitioning to protective slower patterns that 
reduce obesity risk (27,30). Exclusive breastfeeding for six months significantly reduces excessive 
weight velocity through metabolic imprinting and appetite self-regulation development (31,32). This 
paradigm becomes essential for SGA infants who demonstrate heightened preferences for calorie-
dense foods, as breastfeeding’s self-regulatory mechanisms provide biological constraints against 
excessive intake patterns leading to pathological catch-up growth (33,34). 

The fundamental distinction between natural breastfeeding and alternative feeding approaches 
lies in the infant’s capacity for autonomous appetite regulation, which prioritizes metabolic health 
over maximum weight velocity. Infant-controlled feeding mechanisms enable SGA neonates to 
achieve appropriate catch-up growth through self-regulated intake based on physiological hunger 
and satiety signals, contrasting with externally imposed formula feeding schedules (35). This 
becomes particularly crucial for SGA infants, who demonstrate altered appetite regulation including 
impaired satiety signalling and enhanced orexigenic responses (36). Breastfeeding provides a 
protective framework accommodating these appetite irregularities while preventing metabolic 
consequences associated with uncontrolled growth acceleration. 

The metabolic programming advantages of breastfeeding in SGA neonates extend beyond 
nutritional provision to encompass biological communication between maternal physiology and 
infant developmental needs. Human milk contains bioactive compounds including oligosaccharides, 
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lactoferrin, immunoglobulins, growth factors, and cytokines that orchestrate infant metabolism, 
immune development, and growth patterns (37-39). The temporal variation in milk composition, 
with peak bioactive concentrations in colostrum followed by continued adaptation, suggests 
evolutionary programming responding to changing infant requirements. For SGA infants, this 
adaptive capacity becomes critical as their metabolic needs may deviate from population norms, 
necessitating individualized biochemical signaling that only fresh maternal milk may provide. The 
establishment of infant gut microbiome through milk-derived communities may affect metabolic 
health beyond nursing, influencing immune maturation and metabolic regulation (40,41). 

Clinical support of breastfeeding in SGA neonates requires reconceptualizing growth 
monitoring paradigms that have undermined optimal feeding practices. Traditional growth 
references derived from formula-fed populations fail to recognize breastfed infants’ distinct 
trajectory of rapid initial growth followed by naturally moderated weight gain (42). This pattern 
frequently triggers unnecessary interventions disrupting beneficial feeding relationships, 
particularly problematic for SGA infants whose growth may deviate further from norms (43). 

The findings of the reviewed studies suggest that traditional neonatal nutrition approaches for 
preterm SGA infants might require reconsideration. Rather than pursuing aggressive growth targets 
through formula supplementation, data support prioritizing exclusive human milk feeding while 
accepting slower initial growth as potentially beneficial. This speculation demands support by 
appropriate monitoring protocols distinguishing appropriate slower growth from pathological 
failure (44, 45). Family counselling becomes critical, as parents often experience significant growth-
related anxiety. Healthcare providers must communicate that slower initial growth represents an 
adaptive advantage rather than nutritional compromise, while maintaining vigilance for genuine 
growth failure (46). Future research should focus on optimal human milk fortification strategies 
maximizing both short-term growth and long-term metabolic outcomes. 

Despite these encouraging findings, several methodological limitations must be acknowledged. 
The heterogeneity in study designs, varying definitions of exclusive human milk feeding, and 
differences in fortification strategies across studies complicate direct comparisons. Moreover, the 
observational nature of many studies introduces potential confounding variables, including maternal 
factors, socioeconomic status, and varying clinical practices that may influence outcomes beyond 
feeding type alone. The relatively small effect sizes observed in some studies raise questions about 
clinical significance, while Vesel et al reported that 43.8% of infants were exclusively breastfed for six 
months, though the study lacks detailed outcome data for long-term comparisons. Additionally, the 
generalizability of findings from highly controlled research settings to routine clinical practice 
remains uncertain (14). Caution remains warranted in interpreting these findings, as most evidence 
derives from observational studies that cannot definitively establish causation, and mothers who 
successfully breastfeed may provide unmeasured advantages. Nevertheless, the consistency of 
metabolic benefits across multiple investigations may suggest protective mechanisms underlying 
human milk feeding approaches. 

It is concluded that of the present literature breast milk seems to be beneficial to both preterm 
and full term SGA infants in regard their growth patterns. Although the studies were limited in 
number and with several limitations discussed above the findings were consisted along the 
gestational age and age after birth. Supporting SGA populations requires sophisticated competencies 
distinguishing adaptive patterns from pathological failure. Implementation remains constrained by 
limited SGA-specific research (47), creating gaps when providers must balance long-term benefits 
against immediate growth concerns. Nuanced clinical judgment is required in distinguishing healthy 
catch-up growth from failure to thrive, while helping families understand that slower but sustained 
growth may offer superior long-term metabolic advantages. 
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Table 1. SGA Preterm infants: The table depicts the number of infants participating in each study, the duration 
of breastfeeding, the methodology used to analyze body mass and the main findings . 

Study Number of 
infants Duration 

Type of 
measurement

s 

Growth 
findings 

Other 
findings 

Fleig et at 

197 Cow milk 
based diet 
group, 223 

Human milk 

2 years before 
and after the 
introduction 
of the human 

milk diet 

Weight, HC, 
weight gain 

velocity, head 
growth rate 

Improved Z-
scores 

Reduction in 
necrotizing 

enterocolitis, 
lower 

incidence of 
late-onset 

sepsis 

Visuthranuku
l et al 

33 AGA, 18 
SGA  

22 months 

Anthropomet
ric 

measurement
s, serum 

glucose, non-
fasting 

insulin, X-ray 
absorptiometr

y 

Greater catch-
up growth 

without 
increased 

adiposity or 
insulin 

resistance 

Reduced risk 
of necrotic 

enterocolitis, 
bronchopulm

onary 
dysplasia, 

retinopathy of 
prematurity, 

late-onset 
sepsis 

Belford et al 

138.703 
infants born 

between 23-29 
weeks 

Until 
discharge of 

NICU 

Weight, HC, 
weight gain 

velocity, head 
growth rate 

Improved Z 
scores 

Decline in 
severe 

morbidities 
among 
preterm 
infants 

Hofi et al, 80 infants Until 2 years 
Weight, 

length/height, 
HC 

Improved Z 
scores 

Improved 
cognitive and 
developmenta

l outcomes 

Bushati et al 64 infants 5 months,7 
months 

Weight, 
length, 

occipitofronta
l 

circumference
, growth 
velocity 

Lower risk of 
childhood 

obesity and 
metabolic 
diseases 

Lower risk of 
necrotic 

enterocolitis, 
sepsis 

infections, 
enhanced 

neurodevelop
mental and 
cognitive 
outcomes  

Vesel et al 
1114 low-

birth-weight 
infants 

6 months 

Weight, 
length/height, 

HC 
Mid-Upper 

Arm 

Exclusive 
breastfeeding 

provided 
optimal 

nutrition and 

Need for 
consistent 
lactation 
support, 
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Circumferenc
e 

supported 
growth and 

development 

feeding 
difficulties  

Vizzari et al 175  infants 36 months 
Weight, 

length/height, 
HC 

Lower risk of 
failing catch-
up growth in 
weight at 36 

months.  

Improved 
metabolic and 
neurodevelop

mental 
outcomes 

HC=head circumference. 

Table 2. SGA full term infants: The table depicts the number of infants participating in each study, the duration 
of breastfeeding, the methodology used to analyze body mass and the main findings . 

Study Number of 
infants  

Duration of 
follow up 

Type of 
measurement

s 

Growth 
findings 

Further 
findings 

Santiago et al 20 SGA, 
12 AGA 

Until 
preschool age 

Weight, 
height, head, 

neck and 
waist 

circumference
, skinfolds 

Catch-up 
growth 
without 

overweight or 
obesity by 

preschool age 

Lower risk of 
cardiometabo

lic diseases 

Díaz et al 

63 AGA, 28 
SGA 

Breastfed 
infants 

26 SGA non 
breastfed 

Until 4 
months 

Weight, 
length, body 
composition 

by 
absorptiometr

y  

breastfeeding 
positively 

affects weight 
and length   

Lower long-
term risk of 
diabetes by 
preserving 

normal GLP-1 
levels 

Modi et al 25 AGA  
10 GR 

Until 6 weeks  MRI  

SGA infants 
exhibited 
complete 

catch-up in 
head growth 
and adiposity 
by six weeks 

Lower risk of 
obesity in 

exclusively 
breastfed 

infants 

Li et al 296 SGA Until 5 years 
Weight, 

length, height  

Breastfeeding 
promotes 
optimal 

growth and 
development 

Immune 
system 

regulation, 
Healthy 

microbiome 
growth 

Zegher et al   

72 AGA 
46 breasfed 

SGA 
56 fortified 

formula  
SGA 

4 months 
Body 

composition 
assessments   

Lean mass 
recovery over 

fat mass 

Normal levels 
of high-

molecular-
weight 

adiponectin, 
growth factor 

I , reduced 
risk of 

diabetes 
hypertension 
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Gupta et al 

26 SGA 
breastfed 
26 SGA 
formula 

Until 3 
months 

Routine 
anthropometr

y  

Slower and 
steadier 

weight gain, 

Reduced risk 
of early 

hyperinsuline
mia and 
insulin 

resistance 

References 

1. Gantenbein KV, Kanaka-Gantenbein C. Highlighting the trajectory from intrauterine growth restriction to 
future obesity. Front Endocrinol (Lausanne). 2022 Nov 11;13:1041718. doi: 10.3389/fendo.2022.1041718. 
PMID: 36440208; PMCID: PMC9691665. 

2. Kosmeri C, Giapros V, Rallis D, Balomenou F, Serbis A, Baltogianni M. Classification and Special 
Nutritional Needs of SGA Infants and Neonates of Multiple Pregnancies. Nutrients. 2023 Jun 
13;15(12):2736. doi: 10.3390/nu15122736. PMID: 37375640; PMCID: PMC10302514. 

3. Pagano F, Gaeta E, Morlino F, Riccio MT, Giordano M, De Bernardo G. Long-term benefits of exclusive 
human milk diet in small for gestational age neonates: a systematic review of the literature. Ital J Pediatr. 
2024 Apr 29;50(1):88. doi: 10.1186/s13052-024-01648-3. PMID: 38679716; PMCID: PMC11057117. 

4. Chan, Patricia Y. L.,  Morris, Jonathan M.,  Leslie, Garth I.,  Kelly, Patrick J.,  Gallery, Eileen D. M.,  The 
Long-Term Effects of Prematurity and Intrauterine Growth Restriction on Cardiovascular, Renal, and 
Metabolic Function, International Journal of Pediatrics,  2010, 280402, 10 pages,  2010. 
https://doi.org/10.1155/2010/280402 

5. Turck D; Comité de nutrition de la Société française de pédiatrie. Allaitement maternel: les bénéfices pour 
la santé de l’enfant et de sa mère [Breast feeding: health benefits for child and mother]. Arch Pediatr. 2005 
Dec;12 Suppl 3:S145-65. French. doi: 10.1016/j.arcped.2005.10.006. Epub 2005 Nov 21. PMID: 16300936. 

6. Singhal A, Kennedy K, Lanigan J, Fewtrell M, Cole TJ, Stephenson T, Elias-Jones A, Weaver LT, 
Ibhanesebhor S, MacDonald PD, Bindels J, Lucas A. Nutrition in infancy and long-term risk of obesity: 
evidence from 2 randomized controlled trials. Am J Clin Nutr. 2010 Nov;92(5):1133-44. doi: 
10.3945/ajcn.2010.29302. Epub 2010 Sep 29. PMID: 20881062.  

7. Gupta M, Zaheer, Jora R, Kaul V, Gupta R. Breast feeding and insulin levels in low birth weight neonates: 
a randomized study. Indian J Pediatr. 2010 May;77(5):509-13. doi: 10.1007/s12098-010-0065-6. Epub 2010 
Apr 17. PMID: 20401702. 

8. Fleig L, Hagan J, Lee ML, Abrams SA, Hawthorne KM, Hair AB. Growth outcomes of small for gestational 
age preterm infants before and after implementation of an exclusive human milk-based diet. J Perinatol. 
2021 Aug;41(8):1859-1864. doi: 10.1038/s41372-021-01082-x. Epub 2021 May 19. PMID: 34012050; PMCID: 
PMC8342303.  

9. Visuthranukul C, Abrams SA, Hawthorne KM, Hagan JL, Hair AB. Premature small for gestational age 
infants fed an exclusive human milk-based diet achieve catch-up growth without metabolic consequences 
at 2 years of age. Arch Dis Child Fetal Neonatal Ed. 2019 May;104(3):F242-F247. doi: 10.1136/archdischild-
2017-314547. Epub 2018 Nov 13. PMID: 30425116; PMCID: PMC6764250. 

10. Belfort MB, Edwards EM, Greenberg LT, Parker MG, Ehret DY, Horbar JD. Diet, weight gain, and head 
growth in hospitalized US very preterm infants: a 10-year observational study. Am J Clin Nutr. 2019 May 
1;109(5):1373-1379. doi: 10.1093/ajcn/nqz008. PMID: 30997514. 

11. Hofi L, Flidel-Rimon O, Hershkovich-Shporen C, Zaharoni H, Birk R. Differences in growth patterns and 
catch-up growth of small for gestational age preterm infants fed on fortified mother’s own milk v. preterm 
formula. Br J Nutr. 2023 Jun 28;129(12):2046-2053. doi: 10.1017/S0007114522000599. Epub 2022 Jun 24. 
PMID: 35748057; PMCID: PMC10197085. 

12. Bushati C, Chan B, Harmeson Owen A, Woodbury A, Yang M, Fung C, Lechtenberg E, Rigby M, Baserga 
M. Challenges in Implementing Exclusive Human Milk Diet to Extremely Low-Birth-Weight Infants in a 
Level III Neonatal Intensive Care Unit. Nutr Clin Pract. 2021 Dec;36(6):1198-1206. doi: 10.1002/ncp.10625. 
Epub 2021 Feb 23. PMID: 33624353. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 17 July 2025 doi:10.20944/preprints202507.1476.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202507.1476.v1
http://creativecommons.org/licenses/by/4.0/


 12 of 14 

 

13.  Fenton TR, Kim JH. A systematic review and meta-analysis to revise the Fenton growth chart for preterm 
infants. BMC Pediatr. 2013 Apr 20;13:59. doi: 10.1186/1471-2431-13-59. PMID: 23601190; PMCID: 
PMC3637477. 

14. Vesel L, Bellad RM, Manji K, Saidi F, Velasquez E, Sudfeld CR, Miller K, Bakari M, Lugangira K, Kisenge 
R, Salim N, Somji S, Hoffman I, Msimuko K, Mvalo T, Nyirenda F, Phiri M, Das L, Dhaded S, Goudar SS, 
Herekar V, Kumar Y, Koujalagi MB, Guruprasad G, Panda S, Shamanur LG, Somannavar M, Vernekar SS, 
Misra S, Adair L, Bell G, Caruso BA, Duggan C, Fleming K, Israel-Ballard K, Fishman E, Lee ACC, Lipsitz 
S, Mansen KL, Martin SL, Mokhtar RR, North K, Pote A, Spigel L, Tuller DE, Young M, Semrau KEA; LIFE 
study team. Feeding practices and growth patterns of moderately low birthweight infants in resource-
limited settings: results from a multisite, longitudinal observational study. BMJ Open. 2023 Feb 
15;13(2):e067316. doi: 10.1136/bmjopen-2022-067316. PMID: 36792338; PMCID: PMC9933750. 

15.  Vizzari G, Morniroli D, Tiraferri V, Macchi M, Gangi S, Consales A, Ceroni F, Cerasani J, Mosca F, Giannì 
ML. Postnatal growth of small for gestational age late preterm infants: determinants of catch-up growth. 
Pediatr Res. 2023 Jul;94(1):365-370. doi: 10.1038/s41390-022-02402-3. Epub 2022 Dec 2. PMID: 36460739; 
PMCID: PMC10356607. 

16. Santiago ACT, Cunha LPMD, Costa ML, Lyra PPR, Oliveira PR, Conceição GCD, Moreira LMO, Alves 
CAD. Cardiometabolic evaluation of small for gestational age children: protective effect of breast milk. 
Nutr Hosp. 2021 Feb 23;38(1):36-42. English. doi: 10.20960/nh.03267. PMID: 33319572. 

17. Díaz M, Bassols J, Sebastiani G, López-Bermejo A, Ibáñez L, de Zegher F. Circulating GLP-1 in infants born 
small-for-gestational-age: breast-feeding versus formula-feeding. Int J Obes (Lond). 2015 Oct;39(10):1501-
3. doi: 10.1038/ijo.2015.117. Epub 2015 Jun 19. PMID: 26088812. 

18. Modi N, Thomas EL, Harrington TA, Uthaya S, Doré CJ, Bell JD. Determinants of adiposity during 
preweaning postnatal growth in appropriately grown and growth-restricted term infants. Pediatr Res. 2006 
Sep;60(3):345-8. doi: 10.1203/01.pdr.0000232732.93000.52. Epub 2006 Jul 20. PMID: 16857778. 

19. Li P, Lu Y, Qie D, Feng L, He G, Yang S, Yang F. Early-life weight gain patterns of term small-for-
gestational-age infants and the predictive ability for later childhood overweight/obesity: A prospective 
cohort study. Front Endocrinol (Lausanne). 2022 Nov 22;13:1030216. doi: 10.3389/fendo.2022.1030216. 
PMID: 36482989; PMCID: PMC9723138. 

20. de Zegher F, Sebastiani G, Diaz M, Sánchez-Infantes D, Lopez-Bermejo A, Ibáñez L. Body composition and 
circulating high-molecular-weight adiponectin and IGF-I in infants born small for gestational age: breast- 
versus formula-feeding. Diabetes. 2012 Aug;61(8):1969-73. doi: 10.2337/db11-1797. Epub 2012 May 29. 
PMID: 22648385; PMCID: PMC3402297. 

21. Azad MB, Vehling L, Chan D, Klopp A, Nickel NC, McGavock JM, Becker AB, Mandhane PJ, Turvey SE, 
Moraes TJ, Taylor MS, Lefebvre DL, Sears MR, Subbarao P; CHILD Study Investigators. Infant Feeding and 
Weight Gain: Separating Breast Milk From Breastfeeding and Formula From Food. Pediatrics. 2018 
Oct;142(4):e20181092. doi: 10.1542/peds.2018-1092. PMID: 30249624. 

22. Lind MV, Larnkjær A, Mølgaard C, Michaelsen KF. Breastfeeding, Breast Milk Composition, and Growth 
Outcomes. Nestle Nutr Inst Workshop Ser. 2018;89:63-77. doi: 10.1159/000486493. Epub 2018 Jul 10. PMID: 
29991033. 

23. Giannì ML, Consales A, Morniroli D, Vizzari G, Mosca F. The “Breastfeeding Paradox” as a Guide for the 
Assessment of Premature Infants Growth: It Is More Than Just Weigh-Ins. Breastfeed Med. 2023 
May;18(5):385-387. doi: 10.1089/bfm.2022.0164. Epub 2023 Apr 11. PMID: 37040301. 

24. Perumal N, Ohuma EO, Prentice AM, Shah PS, Al Mahmud A, Moore SE, Roth DE. Implications for 
quantifying early life growth trajectories of term-born infants using INTERGROWTH-21st newborn size 
standards at birth in conjunction with World Health Organization child growth standards in the postnatal 
period. Paediatr Perinat Epidemiol. 2022 Nov;36(6):839-850. doi: 10.1111/ppe.12880. Epub 2022 May 16. 
PMID: 35570836; PMCID: PMC9790258. 

25. Grummer-Strawn LM, Reinold C, Krebs NF; Centers for Disease Control and Prevention (CDC). Use of 
World Health Organization and CDC growth charts for children aged 0-59 months in the United States. 
MMWR Recomm Rep. 2010 Sep 10;59(RR-9):1-15. Erratum in: MMWR Recomm Rep. 2010 Sep 
17;59(36):1184. PMID: 20829749. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 17 July 2025 doi:10.20944/preprints202507.1476.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202507.1476.v1
http://creativecommons.org/licenses/by/4.0/


 13 of 14 

 

26. Zhu B, Zhang J, Qiu L, Binns C, Shao J, Zhao Y, Zhao Z. Breastfeeding Rates and Growth Charts—the 
Zhejiang Infant Feeding Trial. Int J Environ Res Public Health. 2015 Jun 30;12(7):7337-47. doi: 
10.3390/ijerph120707337. PMID: 26133126; PMCID: PMC4515659. 

27. Dewey KG. Growth characteristics of breast-fed compared to formula-fed infants. Biol Neonate. 
1998;74(2):94-105. doi: 10.1159/000014016. PMID: 9691152. 

28. Bell KA, Wagner CL, Feldman HA, Shypailo RJ, Belfort MB. Associations of infant feeding with trajectories 
of body composition and growth. Am J Clin Nutr. 2017 Aug;106(2):491-498. doi: 10.3945/ajcn.116.151126. 
Epub 2017 Jun 28. PMID: 28659299; PMCID: PMC5525119. 

29. Agostoni C, Grandi F, Giannì ML, Silano M, Torcoletti M, Giovannini M, Riva E. Growth patterns of breast 
fed and formula fed infants in the first 12 months of life: an Italian study. Arch Dis Child. 1999 
Nov;81(5):395-9. doi: 10.1136/adc.81.5.395. PMID: 10519710; PMCID: PMC1718130. 

30. Lucas A, Fewtrell MS, Davies PS, Bishop NJ, Clough H, Cole TJ. Breastfeeding and catch-up growth in 
infants born small for gestational age. Acta Paediatr. 1997 Jun;86(6):564-9. doi: 10.1111/j.1651-
2227.1997.tb08935.x. PMID: 9202788. 

31. Kalies H, Heinrich J, Borte N, Schaaf B, von Berg A, von Kries R, Wichmann HE, Bolte G; LISA Study 
Group. The effect of breastfeeding on weight gain in infants: results of a birth cohort study. Eur J Med Res. 
2005 Jan 28;10(1):36-42. PMID: 15737952. 

32. Wood CT, Witt WP, Skinner AC, Yin HS, Rothman RL, Sanders LM, Delamater AM, Flower KB, Kay MC, 
Perrin EM. Effects of Breastfeeding, Formula Feeding, and Complementary Feeding on Rapid Weight Gain 
in the First Year of Life. Acad Pediatr. 2021 Mar;21(2):288-296. doi: 10.1016/j.acap.2020.09.009. Epub 2020 
Sep 19. PMID: 32961335; PMCID: PMC10910619. 

33. Dalle Molle R, Bischoff AR, Portella AK, Silveira PP. The fetal programming of food preferences: current 
clinical and experimental evidence. J Dev Orig Health Dis. 2016 Jun;7(3):222-230. doi: 
10.1017/S2040174415007187. Epub 2015 Sep 28. PMID: 26412563. 

34. Iñiguez G, Ong K, Peña V, Avila A, Dunger D, Mericq V. Fasting and post-glucose ghrelin levels in SGA 
infants: relationships with size and weight gain at one year of age. J Clin Endocrinol Metab. 2002 
Dec;87(12):5830-3. doi: 10.1210/jc.2002-021206. PMID: 12466394. 

35. Farrow C, Blissett J. Does maternal control during feeding moderate early infant weight gain? Pediatrics. 
2006 Aug;118(2):e293-8. doi: 10.1542/peds.2005-2919. PMID: 16882774. 

36. Ross MG, Desai M. Developmental programming of appetite/satiety. Ann Nutr Metab. 2014;64 Suppl 1:36-
44. doi: 10.1159/000360508. Epub 2014 Jul 23. PMID: 25059804. 

37. Ballard O, Morrow AL. Human milk composition: nutrients and bioactive factors. Pediatr Clin North Am. 
2013 Feb;60(1):49-74. doi: 10.1016/j.pcl.2012.10.002. PMID: 23178060; PMCID: PMC3586783. 

38. Gopalakrishna KP, Hand TW. Influence of Maternal Milk on the Neonatal Intestinal Microbiome. 
Nutrients. 2020 Mar 20;12(3):823. doi: 10.3390/nu12030823. PMID: 32244880; PMCID: PMC7146310. 

39. Gila-Diaz A, Arribas SM, Algara A, Martín-Cabrejas MA, López de Pablo ÁL, Sáenz de Pipaón M, Ramiro-
Cortijo D. A Review of Bioactive Factors in Human Breastmilk: A Focus on Prematurity. Nutrients. 2019 
Jun 10;11(6):1307. doi: 10.3390/nu11061307. PMID: 31185620; PMCID: PMC6628333. 

40. Le Doare K, Holder B, Bassett A, Pannaraj PS. Mother’s Milk: A Purposeful Contribution to the 
Development of the Infant Microbiota and Immunity. Front Immunol. 2018 Feb 28;9:361. doi: 
10.3389/fimmu.2018.00361. PMID: 29599768; PMCID: PMC5863526. 

41. Fields DA, Schneider CR, Pavela G. A narrative review of the associations between six bioactive 
components in breast milk and infant adiposity. Obesity (Silver Spring). 2016 Jun;24(6):1213-21. doi: 
10.1002/oby.21519. Epub 2016 May 6. PMID: 27151491; PMCID: PMC5325144. 

42. Sachs M, Dykes F, Carter B. Feeding by numbers: an ethnographic study of how breastfeeding women 
understand their babies’ weight charts. Int Breastfeed J. 2006 Dec 22;1:29. doi: 10.1186/1746-4358-1-29. 
PMID: 17187669; PMCID: PMC1779265. 

43. Sachs M, Dykes F, Carter B. Weight monitoring of breastfed babies in the United Kingdom—interpreting, 
explaining and intervening. Matern Child Nutr. 2006 Jan;2(1):3-18. doi: 10.1111/j.1740-8709.2006.00019.x. 
PMID: 16881910; PMCID: PMC6860829. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 17 July 2025 doi:10.20944/preprints202507.1476.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202507.1476.v1
http://creativecommons.org/licenses/by/4.0/


 14 of 14 

 

44. O’Connor DL, Jacobs J, Hall R, Adamkin D, Auestad N, Castillo M, Connor WE, Connor SL, Fitzgerald K, 
Groh-Wargo S, Hartmann EE, Janowsky J, Lucas A, Margeson D, Mena P, Neuringer M, Ross G, Singer L, 
Stephenson T, Szabo J, Zemon V. Growth and development of premature infants fed predominantly human 
milk, predominantly premature infant formula, or a combination of human milk and premature formula. 
J Pediatr Gastroenterol Nutr. 2003 Oct;37(4):437-46. doi: 10.1097/00005176-200310000-00008. PMID: 
14508214. 

45. Moreira DH, Gregory SB, Younge NE. Human milk fortification and use of infant formulas to support 
growth in the neonatal intensive care unit. Nutr Clin Pract. 2023 Oct;38 Suppl 2(Suppl 2):S56-S65. doi: 
10.1002/ncp.11038. PMID: 37721458; PMCID: PMC10662944. 

46. Rossiter C, Cheng H, Denney-Wilson E. Primary healthcare professionals’ role in monitoring infant growth: 
A scoping review. J Child Health Care. 2024 Dec;28(4):880-897. doi: 10.1177/13674935231165897. Epub 2023 
Mar 24. PMID: 36963017; PMCID: PMC11607852. 

47. Flaherman V, Von Kohorn I. Interventions Intended to Support Breastfeeding: Updated Assessment of 
Benefits and Harms. JAMA. 2016 Oct 25;316(16):1685-1687. doi: 10.1001/jama.2016.15083. PMID: 27784077. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 
products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 17 July 2025 doi:10.20944/preprints202507.1476.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202507.1476.v1
http://creativecommons.org/licenses/by/4.0/

