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Abbreviations 
ELWB  Extremely low birth weight 

VLBW Very low birth weight 

LBW Low birth weight 

LCPUFA Long-chain poly-unsaturated fatty acids 

MDI Bayley mental development index 

PDI Bayley psychomotor development index 

RCT Randomized controlled study 

CA Corrected age 

ARA Arachidonic acid 

AA Amino acid 

RCT Randomized controlled trial 
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Abstract 
Background: There are marked gender disparities in both short- and long-term outcomes in 

premature infants. Preterm male infants have consistently worse outcomes when compared to 

females. Recent studies have shown that poor growth after birth in premature male infants 

increases the risk of poor neurodevelopmental outcomes. The aim of this literature review has 

been to explore how different nutritional strategies has different effects in male and female 

premature infants. 

 

Search methods: PubMed search was performed January 28th, 2020. The search contained the 

following phrase: ((premature infants) or (preterm infants) or (extremely premature infant)) 

AND (nutrition or (energy intake)) AND (gender or (sex characteristics)). Nine articles were 

found relevant to this literature review. 

 

Results: Multi-nutritional intervention with supplementation of preterm formula leads to 

better neurodevelopmental outcome in both genders, with a marked advantage in males. The 

male advantage persists through to childhood. Supplementation with macronutrients show 

different gender dependent advantages on outcome in different studies. In the studies with 

follow-ups in later childhood the gender dependent advantages disappeared. It is important to 

note that several of these studies have limited sample sizes. Moreover, the nutritional 

interventions differ from study to study with respect to both the amounts of supplement given, 

the time of administration, and the duration of supplementation. 

 

Conclusion: The articles in this review show that there may be gender dependent advantages 

to different nutritional interventions in premature infants, but the results are inconclusive. The 

number of existing studies is small, and the studies have limitations relating to non-

standardized feeding intervention and study populations. Additional research is required. 

Future studies should focus on using standardised nutritional interventions that are adequately 

powered. Study populations should be large enough to allow researchers to evaluate gender 

differences in the effect of the interventions.  
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Introduction 
Definition of prematurity 
The World Health Organization (WHO) defines prematurity as: 

babies born alive before 37 weeks of pregnancy are completed. There are sub-

categories of preterm birth, based on gestational age: 

• extremely preterm (less than 28 weeks) 

• very preterm (28 to 32 weeks)  

• moderate to late preterm (32 to 37 weeks).  (1) 

Previously, infants were normally categorized after birth weight instead of gestational age. 

This categorization is less common in newer studies. 

Low birth weight is defined by WHO as a birth weight of an infant of 2,499 g or less, 

regardless of gestational age. Subcategories include: 

• Low birth weight (LBW) 

• Very low birth weight (VLBW), which is less than 1500 g 

• Extremely low birth weight (ELBW), which is less than 1000 g.    (2) 

Low birth weight may be due to premature birth, but also a result of intrauterine growth 

restriction. This may be caused by genetic disorders or genetic syndromes, preeclampsia, 

environmental factors, such as famine, tobacco exposure or infections during pregnancy (3). 

I will mainly use the WHO-classification in my discussion, except when the articles that are 

discussed use the birth weight classification. 

 

Aim 
We have carried out a literature review to examine the current evidence of how altered 

nutrition, either via increased macronutrients or multi nutritional intervention, may have 

different effects in male premature infants when compared to female premature infants, with a 

focus on neurodevelopmental outcome. 

 

Gender differences in prematurity 
Preterm infants are at risk for a wide variety of complications, including retinopathy of 

prematurity, respiratory distress syndrome, necrotizing enterocolitis (NEC) 

bronchopulmonary dysplasia, increased risk of intraventricular haemorrhage and more. In 

addition, many preterm infants experience long term neurological impairments. In general, the 

rates of these complications decrease with increasing gestational age at birth. 
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Male gender has for a long time been associated with lower rates of survival, and higher rates 

of developmental delay compared to females (4). The same differences are reflected among 

premature infants – male infants are at higher risk for most of the  previously mentioned 

comorbidities connected to prematurity, with the exception of necrotizing enterocolitis (5). 

Premature male infants also have higher mortality rates than females, and increased rates of 

neurological deficits later in life (5). Interestingly, the risk of being born premature is also 

higher among male infants than female infants (6). 

 

The reasons behind the gender differences are not fully understood. Many different 

hypotheses have been proposed including environmental factors (7), genetics and epigenetics, 

and hormonal differences (5). 

 

Several studies show beneficial effects of enhanced nutrient supply on growth and 

neurodevelopmental outcomes in preterm infants (8-10). However, strong evidence for causal 

relationships is lacking due to methodological limitations. Most studies are observational and 

many compare cohorts from different time periods. In general, randomized controlled trials 

(RCT) on nutritional interventions in preterm infants are small. 

 

A recent study by Frondas-Chauty et al showed that amongst very premature male infants, 

poor postnatal growth had a larger impact on neurodevelopment than in females (11). 

Similarly, a retrospective study by Chien et al (12) indicates that in VLBW infants 

extrauterine growth restriction (EUGR) was significantly associated with lower MDI scores – 

and the more severe the EUGR was, the lower MDI scores.  Thus, optimizing nutritional 

intakes and postnatal growth may improve neurodevelopmental outcomes in male infants. 

 

Supplementation of long-chain polyunsaturated fatty acids in premature infants 
Some nutrients are believed to be extra important for growth and development in premature 

infants. Among these are long-chain polyunsaturated fatty acids, which are believed to be 

important for neurodevelopment. 

 

Most studies on fat supplementations in premature infants include the long-chain 

polyunsaturated fatty acids (LCPUFA) arachidonic acid (ARA) and docosahexaenoic acid 

(DHA). Both of these LCPUFA occur naturally in human breast milk (13). DHA is an 
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essential omega 3 fatty acid and is the most abundant fatty acid in the mammalian brain. DHA 

is an important constituent in cell membranes and is believed to be required for normal 

myelination (14). DHA is transported across the placenta to the foetus during pregnancy. 

During the third trimester there is a substantial accretion of LCPUFA in the entire rain, 

especially DHA and ARA (15). 

 

Different studies show highly varying effects of DHA. Some studies show increased length 

and/or weight gain (16), while other studies have not found  any significant differences 

between the intervention and control groups (17, 18), and a few even found decreased growth 

(19). 

 

A positive effect on neurodevelopment was noted in some studies. A study by Henriksen et al 

(20), for instance, found that infants who received DHA and arachidonic acid 

supplementation in the first month had higher problem-solving scores at 6 months of age than 

the control group, and also better recognition memory. 

 

A Cochrane review of LCPUFA supplementation (21) in premature infants found no clear 

long-term benefits for neurodevelopment or growth when comparing the supplemented 

infants with the control group. However, the authors note that the form of supplementation 

differed between the different studies and was therefore not easily comparable. They did not 

find any difference in adverse effects between the two groups. 

 

Effect of protein supplementation in premature infants 
In a study by Poindexter et al (22) they found that early parenteral administration of amino 

acids was associated with significantly higher weight, bigger head circumference, and length 

when comparing the group that received early amino acids (the early administration group) to 

the control group. At 18 months follow-up there were no statistically significant differences in 

weight, length or head circumference, and the authors did not find any significant differences 

in neurodevelopmental outcome. However, in the late group significantly more infants had 

head circumference (HC) in the 10th and 5th percentile when compared to the early 

administration group. They also found sex differences in the HC – boys in the early 

administration group had a significantly larger HC when compared to the late group. The 

same difference was not found in girls. Head circumference is believed to correlate with total 
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brain volume (23). Smaller HC has been linked to poorer neurodevelopmental outcome in 

school-age children (24). It is important to note that the infants in the early administration 

group had a significantly higher total energy intake not only in the first 5 days when the extra 

amino acids were administered, but also in total over the first 20 days, which may have 

contributed to the positive effects observed in this study. 

 

In a chart review Stephens et al (25) found that increased energy and protein intake in the first 

week of life was associated with higher Bayley mental development index scores in VLBW 

infants. Higher energy intake in the first week of life was associated with a higher Bayley 

psychomotor development (PDI) score. 
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Method 
To help define the scope of the thesis a PICO question was formulated (table 1). PICO is an 

acronym for Population, Intervention, Control and Outcome. 

 

Table 1: PICO question 

Population/problem Premature infants, born before week 33 and/or LBW, VLBW 

or ELBW infants 

Intervention Different nutritional interventions, with focus on 

macronutrients and fatty acid supplementation. 

Control No extra nutrition, or the standard protocol 

Outcome Neurodevelopmental outcome 

Questions 

- How does supplementation of LCPUFA influence the outcome of premature male 

compared to premature female infants? 

- How does supplementation of protein influence the outcome of premature male 

compared to premature female infants? 

- Can special formulas developed for preterm infants improve outcome of premature 

male compared to premature female infants?  

 

The search was performed in PubMed on January 28th, 2020. Standard search strategies were 

used. Search terms used were: «premature infants», «preterm infants», «extremely premature 

infant», «nutrition», «energy intake», «gender» and «sex characteristics». The search was 

restricted to only include human studies and yielded 382 results. Next, the abstracts were 

systematically read through, and all articles not concerning both nutrition and gender were 

excluded. In addition, all articles not in English were excluded. 9 articles remained. Due to 

the small number of available articles, all article types were included. 

 

Further literature discussing gender differences in nutrition in premature that came to the 

attention of the authors. was also included. 
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Included studies Title Conclusion Strengths Limitations 
Lucas et al 
(1990) 
RCT, n = 424 

Early diet in preterm babies and 

developmental status at 18 

months 

At 18 months corrected age infants fed 
preterm formula had major developmental 
advantages, especially in motor function. 
This was especially striking in males and 
small for gestational age infants. Moderate 
developmental impairment was less 
common in the group fed preterm formula. 
Infants fed preterm formula also had a 
small benefit in social maturity quotient.  

Randomized, stratified, double 
blinding and well described 
study protocol. 

Received contribution 
from the manufacturer 
of the formula. 

Lucas et al 
(1998) 
Follow up after an 
RCT 

Randomised trial of early diet in 

preterm babies and later 

intelligence quotient 

At 7 1/2 - 8 years follow up there was a 
significant sex difference in the impact of 
diet. Boys previously fed preterm formula 
as their sole diet had higher verbal IQ. 
Low verbal IQ was more common in 
infants fed term formula, and there was 
also a higher incidence of cerebral palsy in 
this group.  
 

Randomized, stratified, double 
blinding and well described 
study protocol. 

Received contribution 
from the manufacturer 
of the formula. 

Van den Akker 
et al (2014) 
RCT, n = 132 

Observational outcome results 

following a randomized 

controlled trial of early amino 

acid administration in preterm 

infants 

Early administration of amino acids had no 
overall effect on survival without major 
disabilities. Boys had a normal outcome 
significantly more often if amino acids 
were administered from birth. No 
differences in anthropometric data. In the 
intervention group MDI was lower in the 
small number of girls who survived 
without major disabilities.   

Randomized, stratified, blinding 
and well described study 
protocol. 

Small study population.  
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Christmann et al 
(2016) 
Retrospective 
study, n = 112 

The early postnatal nutritional 

intake of preterm infants affected 

neurodevelopmental outcomes 

differently in boys and girls at 

24 months 

Increased first-week protein and energy 
intakes are associated with higher Mental 
Development Index scores and lower 
likelihood of length growth restrictions at 
18 months in extremely low birth weight 
infants. 

 Small study population. 
Retrospective study. 
Participant not 
randomized to cohorts. 

Makrides et al 
(2009) 
RCT, n = 657 

Neurodevelopmental outcomes 

of preterm infants fed high-dose 

docosahexaenoic acid: a 

randomized controlled trial 

High DHA supplementation (1% of total 
fatty acids) did not improve MDI scores 
overall but did improve MDI scores in 
girls.  

Randomized, stratified 
allocation concealment, 
blinding, detailed outcome 
information and well described 
study protocol, large study 
population 

The majority of women 
in the high DHA group 
correctly guessed their 
allocation.  

Collins et al 
(2015) 
Follow up of an 
RCT, n = 604 

Neurodevelopmental outcomes 

at 7 years' corrected age in 

preterm infants who were fed 

high-dose docosahexaenoic acid 

to term equivalent: a follow-up 

of a randomised controlled trial 

Supplementation of high-dose DHA until 
term corrected age did not present any 
significant benefits at 7 years of age.  

604 (92% of the original 657 
who participated in the RCT) 
participated in the follow up.   

 

Fewtrell et al 
(2004) 
RCT, n = 238 

Randomized, double-blind trial 

of long-chain polyunsaturated 

fatty acid supplementation with 

fish oil and borage oil in 

preterm infants 

Supplementation of LCPUFA lead to 
better neurodevelopment in boys, when 
compared to boys who did not receive 
supplementation. 

Randomized, stratified, blinding 
and well described study 
protocol. 

Only supplementation 
of formula, and many 
of the infants received 
parts of their diets as 
breast milk. Received 
funding from the 
formula manufacturer  

Isaacs et al 
(2011) 

10-year cognition in preterms 

after random assignment to fatty 

acid supplementation in infancy 

Supplementation of LCPUFA did not lead 
to an overall difference in cognitive 
outcome when compared to the control 

Testing personnel were blinded 
to cohort allocation. 

55% of the original 
participants were lost to 
follow up. Received 
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Follow up after an 
RCT, n = 107 

group. Girls in the supplemented group 
performed better in single word reading 
accuracy and spelling.  

funding from the 
formula manufacturer. 

Tottman et al 
(2020) 
Retrospective 
cohort study, n = 
478 

Sex-specific relationships 

between early nutrition and 

neurodevelopment in preterm 

infants 

More girls survived without 
neurodevelopmental impairment at 2 years. 
Survival without neurodevelopmental 
impairment was positively associated with 
more energy, fat, and enteral feeds in week 
1, and more energy and enteral feeds in the 
first month. In girls, survival without 
neurodevelopmental impairment was 
positively associated with higher intakes of 
fat, energy and enteral feeds. 

 Retrospective cohort 
study.  
They used standard 
values to estimate 
macronutrient intakes. 
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Results 
This literature review includes nine articles (table 2). Six are RCTs, three are follow ups of 

RCTs and two are retrospective cohort studies. 

 

Preterm formula 
Several studies have explored the possible advantages of using special preterm formulas in 

regard to growth, neurodevelopment and prematurity related complications. 

 

One of these studies were performed by Lucas et al (26). In this study, they first divided the 

cohort into groups according to whether the mother provided some breast milk, with formula 

as supplement (trial B) or not (trial A). (See figure 1) The participants were then randomly 

assigned to groups, of which one group received standard formula, and the other received the 

preterm formula. The standard formula contained 1.45 g protein, 3.8 grams of fat and 68 kcal 

per dl milk. The preterm formula had 2.0 g protein, 4.9 grams of fat and 80 kcal per dl and 

was also enriched in sodium, calcium, phosphorus, copper, zinc, vitamins D, E, and K, water 

soluble vitamins, carnitine, and taurine. The study included all infants admitted to the special 

care baby unit that weighed less than 1850 grams at birth. In the group where the mother 

provided breast milk, the median intake was around 39%, with no significant difference 

between the preterm or the standard formula. 

Figure 1:  
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At a follow-up at 18 months post term (26), the study found that children who were fed the 

preterm formula consistently scored higher on MDI, PDI and social quotient test than the 

children who had received the standard formula. The differences were more pronounced in 

trial A, especially with regards to motor development, where the infants fed preterm formula 

had a 14,7-point (95 % CI 8,7-20,7, P < 0,001) advantage in PDI scores. There was no 

difference in mortality between the two feed groups. In addition, the study found a 

significantly greater effect on diet when comparing males to females. While females fed 

preterm formula only had some advantage in motor development when compared to females 

fed standard formula, males had substantial improvement in both mental and motor 

development. 

 

In a later study, the same children were followed up at 7 ½-8 years of age. (27). 96% of 

survivors participated in the follow-up. The main measure of outcome used was IQ, measured 

with abbreviated Weschler intelligence scale for children (revised). The children from trial A 

had overall lower IQ scores than the children in trial B. Significant advantage of preterm 

formula was only found in trial A, and not in trial B. In trial A the highest impact of preterm 

formula was on verbal language IQ – however this was only significant in boys, with a 12,2 

point advantage (95% CI 3,7-20,6) over the boys who were fed term formula. The boys fed 

preterm formula also had a 6,3 (95% CI -1,5 – 14,2) point advantage in overall IQ, but since 

the confidence interval dips below zero this association is unclear. The effect of preterm 

formula was largest in the boys who had the highest intake of the trial formula, with a 14,4 

point advantage (95% CI 5,7-23,2) in verbal IQ and a 9,5 point advantage (95% CI 1,2-17,7) 

in overall IQ. They also found that cerebral palsy was significantly more common in the 

group fed standard formula, but even amongst the individuals with cerebral palsy the 

individuals who were fed the standard formula had significantly lower scores than the ones 

fed the preterm one. 

 

Protein supplementation 
A study by van den Akker (28) et al administered either glucose or glucose and amino acids 

to premature infants born before 32 weeks gestation and under 1500 g.  The infants were 

randomized to either receive glucose and amino acids (2,4 g * kg-1*day-1) or only glucose 

within the first two hours after birth.  The infants in the control group were administered 

amino acids 24-48 hours after birth, first at a rate of 1,2 g * kg-1*day-1 and 24 hours later at a 

rate of 2,4 g * kg-1*day-1. They found that boys in the intervention group had a normal 
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outcome significantly more often, with an adjusted odds ratio of 6,17 (1,01-38,46) when 

compared to the boys who were administered glucose later on. However, and potentially 

worrisome, they also found that the MDI score of the girls in the group which received amino 

acid supplementation were 10,1 (95% CI 18,6-1,6) point lower when compared to the girls in 

the control group after adjusting for background confounders. 

 

In a retrospective review by Christmann (29) et al, they compared two separate cohorts. 

Cohort 2 had a different composition of parenteral nutrition which led to the infants in this 

cohort achieving higher intake of amino acids (3,3 (95% CI 2,0-4,6) g/kg/week) and calories 

(92 (95% CI 54-131) kcal/kg/week) during week one compared to the infants in cohort 1.  

Infants in cohort 2 had a higher mean daily weight gain from birth through week 5. When 

compared to infants in cohort 1, the infants in cohort 2 had a 1,8 (95% CI 0,7-3,0) g/kg/day 

higher weight gain. This was mainly due to a 3,1 (95% CI 1,3-4,8) g/kg/day higher weight 

gain in male infants. They also found a lower head circumference (HC) in cohort 2 compared 

to cohort 1 at one week, but at 6 months CA the HC in both cohorts was normal compared to 

the Dutch population, which means that the infants in cohort 2 achieved a greater catch-up 

growth in HC. They did not find a difference in the mean MDI scores when comparing MDI 

scores. However, they found that children in cohort 2 were more likely to have a MDI score ³ 

85. This was clearly associated with higher protein intake in girls. In boys, a higher protein 

intake in the first week of life was clearly associated with having a PDI ³ 85. 

 

Fat supplementation 
Makrides et al (30) examined whether extra supplementation of docosahexaenoic acid (DHA) 

in the early postnatal period leads to better neurodevelopmental outcome in premature infants 

born before 33 weeks gestation. Infants were randomized to receive either standard levels of 

DHA (approximately 0,3% of total fatty acids) or high levels of DHA (approximately 1% of 

total fatty acids). The supplementation was given from 2-4 days after birth, until term 

corrected age. They used Bayley Scales of Infant and Toddler Development to measure 

neurodevelopmental outcome at 18 months. The same children were later followed up by 

Collins et al (31) at 7 years corrected age. Primary outcome was measured by obtaining a full-

scale IQ with use of the Wechsler Abbreviated Scale of Intelligence (WASI). 
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At the 18 months follow up Makrides et al (30) found a statistically significant increase in the 

MDI of girls in the high DHA group compared to boys in the high DHA group. They found a 

difference in the MDI when comparing the high and standard DHA groups, but it was not 

significant. The effect of DHA supplementation was larger in the infants weighing less than 

1250 g at birth, compared to the infants with a birthweight higher than 1250g. The infants in 

the high DHA group were overall longer than the infants in the standard DHA groups. The 

majority of women with infants in the high DHA group correctly guessed their allocation, 

which is a limitation in this study. 

 

At the 7 year follow up Collins et al (31) found no significant difference between the groups 

in IQ nor in the other test the children were subjected to. However, on parent questionnaires 

girls in the high DHA group achieved, while it was within the normal range, a significantly 

higher score – and therefore poorer outcome in regard to metacognition and global executive 

composite when compared to the girls in the standard DHA group. This may be coincidental 

but may also be due to the fact that women in the high DHA group more correctly guessed 

their allocation, when compared to women in the low DHA group, which may have 

influenced their answers when filling in the questionnaire. 

 

Fewtrell et al (32) randomly assigned unsupplemented formula, and study formula. The study 

formula was supplemented with gamma-linolenic acid, which is a precursor of DHA and 

arachidonic acid. They were given the formula until 9 months after term, and the follow up 

was conducted at 9 and 18 months after term. They found that there was no overall difference 

in the MDI or PDI scores when comparing the supplemented and the unsupplemented groups 

in regard to neurodevelopment.  After hospital discharge both cohorts were provided with 

nutrient enriched formula, which contained more protein, trace minerals and vitamins 

compared to standard formula. When comparing subgroups, they found that boys who were 

given long chain polyunsaturated acids had significantly better MDI scores than boys who 

were not given supplementation. This difference persisted when correcting for possible 

confounders, such as difference in maternal education and social class. 

 

They also found that the supplemented group had significantly greater weight and length gain 

compared to the control group (32), and that this difference was even greater when comparing 

the boys. The difference in weight gain was significant at 9 months, but not at 18 months. The 
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boys who were fed the LCPUFA diet still had a significantly higher length growth at 18 

months compared to the group who had received the unsupplemented formula. 

 

When comparing the infants who received some breast milk in addition to the formula to the 

infants who did not receive any breast milk but only formula, the fully-formula fed group had 

the same outcomes as the infants who received breast milk in addition to formula. 

 

The same children were examined by Isaacs et al at 10 years of age (33). 107 of the original 

238 enrolled infants were seen at 10 years, 57 from the control group (52 of which were seen 

at 18 months) and 50 from the LCPUFA-supplemented group (48 of which were seen at 18 

months), which constituted a follow up rate of 45%. The children were subjected to many 

different measures of cognitive function in different areas. They tested the children for 

Intelligence using the Wechsler abbreviated scale of intelligence (WASI), neuropsychological 

assessment, Memory measure (hippocampus), academic attainments, attention and executive 

functions. All children were tested by one researcher who were blinded to formula allocation. 

 

When comparing the children who were seen and not seen at 10 years age (33), the children 

who were seen had a significantly lower gestational age at birth and were significantly more 

likely to receive breast milk in addition to the study formula. There were no significant 

differences in socioeconomic status. 

 

The differences in the cognitive measures between the two groups were small, and none 

reached a significant p-level (33). This remained the same after using social code as a 

covariate. In gender analyses the only significant differences were found amongst girls – and 

only for word reading score and spelling score. The researchers found no such differences 

between controls and supplemented amongst the boys. Supplementary analyses showed that 

amongst the infants who only received formula the verbal intelligence quotient and the full-

scale intelligence quotient and CMS word-pair learning score was significantly higher in the 

LCPUFA-supplemented group – and this persisted after covariance analyses. 

 

In an observational study by Tottman et al (34) they found that overall higher fat intake in the 

first week of life was positively associated with survival without neurodevelopmental 

impairment, whereas the intake of protein or carbohydrate intake in the first week of life had 

no such association. The association was statistically significant in girls, but not in boys.  
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Total enteral feeding intake in girls was also positively associated with survival.  

The authors used records of nutrition until day 28 after birth. They also identified how long 

each infant took to reach 10, 50 and 100% enteral feeds. The time to achieve enteral feeds 

were similar in girls and boys, but in girls they found a positive association between shorter 

time to achieve full enteral feeds and survival without neurodevelopmental impairment. The 

same association was not found in boys. In girls both total energy intake and fat intake were 

positively associated with survival without cognitive impairment.  
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Discussion  

In this literature review, including nine studies, there is no overall conclusive evidence to 

create any firm conclusions as to how nutritional interventions affect preterm male and female 

infants differently. 

In the Lucas studies preterm formula was compared to standard term formula. The preterm 

formula was not only higher in energy, but also contained more protein and was enriched in 

sodium, calcium, phosphorous, copper, zinc, taurine, carnitine and vitamins D, E, K and 

water-soluble vitamins. When considering the results, it is not possible to determine which of 

these nutrients lead to the improved neurodevelopmental outcomes. In later years, the use of a 

preterm formula, either as sole diet or as a fortifier to breast milk, has become the 

recommended protocol (35). 

 

In both the Christmann (27) and the van den Akker (28) studies they compared two cohorts 

with different intakes of amino acids. In the cohorts with higher intake of amino acids the 

infants also received higher total energy intakes. In the Christmann study they adjusted for 

total energy intake when analysing the possible effect of protein. This does not appear to be 

the case in the van den Akker study, which leads to difficulties in discerning whether the 

amino acids in themselves, or just a general increased energy intake, lead to the improved 

neurodevelopmental outcome in these children. 

 

The Christmann study (29) was a retrospective cohort study. They compared the nutritional 

intakes of two cohorts after implementing a new nutritional strategy. While they report that no 

major changes in clinical practice happened between these two cohorts, it is still a possible 

confounder that smaller changes in the clinical practice may have occurred, and this may have 

contributed to the improved neurodevelopmental outcome. 

 

One major challenge with these nutritional studies is that the interventions differ from study 

to study – both the amounts of supplement given, how it is administered, and the duration of 

supplementation. Take the studies that examined LCPUFA supplementation for instance. The 

infants in the intervention group in the Fewtrell study (32) received supplementation of both 

DHA and ARA until 9 months after term. The formula given to the control group was not 

supplemented with either DHA or ARA. The supplementation was given to all infants who 
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received at least some formula, including those infants who were breast-fed and received 

some supplementation with formula. In the Makrides study (30) both the control group and 

the intervention group received DHA supplementation in formula, but not ARA 

supplementation. Breastfeeding mothers in the intervention group were given 

supplementation to increase the DHA content in the breast milk, and any formula needed was 

also supplemented. Supplementation was only given until term CA. 

 

The differences in the interventions lead to difficulties when comparing the results. While the 

same nutrient has been supplemented, it has not been done in the same manner, nor for the 

same duration of time, and this may influence the results. Differing durations of the 

intervention may lead to the infants receiving the extra nutrients at different times during the 

neurodevelopmental process. Perhaps the reasons that boys in the Fewtrell study (29) had an 

advantage when being supplemented with DHA until 9 months after term is because they 

require a longer period of supplementation than girls do. Girls, on the other hand, may require 

higher doses of DHA, like the intervention group received in the Makrides study (27) in order 

for the supplement being beneficial.  The differing interventions may be the reason why they 

found an advantage in boys in the intervention group in the Fewtrell study, and in the 

Makrides study they found an advantage in neurodevelopment in girls. 

 

In the Tottman study (34) the authors found that in girls both total energy intake and fat intake 

were positively associated with survival without cognitive impairment. However, it is difficult 

to say whether fat in itself or just the increased energy intake was more beneficial.  This was a 

retrospective cohort study, and they used standard values to find an estimate of enteral 

macronutrient intakes, including estimates of energy from breast milk. Breast milk (36) 

composition differs from mother to mother, and the estimates of nutrient intake may therefore 

be wrong, especially when considering the intake at 28 days after birth, when most of the 

infants received a significant amount of their nutrients through enteral feedings. 

 

When measuring neurodevelopmental outcome, Tottman et al used both the second and third 

version of the Bayley Scales of Infant Development. In some studies, the third edition has 

been known to produce significantly higher scores in comparable scales, leading to fewer 

infants being classified as neurodevelopmentally impaired (37-39), especially when 

comparing motor scores (37). The change of version of the Bayley scale during the study may 

lead to falsely high scores, especially considering that the feeding protocol was changed 
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during this study, and the infants who received more nutrition in the new protocol, and who 

received more nutrition were tested for neurodevelopmental outcomes later and were more 

likely to be tested with Bayley Scales of Infant Development III. 

 

Many of these studies have limited population sizes, and therefore one must exercise caution 

when using these results to determine future nutritional approaches to premature infants. 

 

Most of the studies who used formula as supplementation received some funding from the 

companies who produced the formula, including the Lucas studies and the Fewtrell study. 

This implies a possible bias with these studies. 

 

The tests used for measuring neurodevelopmental outcome are also a possible weakness with 

these studies. The most commonly used tests were the Bayley scales of infant and toddler 

development, which yields MDI and PDI scores, and Wechsler Abbreviated Scale of 

Intelligence (WASI). While the tests and grading are done in a standardized manner, there is 

always room for subjective differences between testers, and two different testers may give the 

same infant or child two different results when performing the same test. The results may also 

vary with the same child from day to day, due to lack of sleep, illness etc (40). In addition, as 

discussed in connection to the Tottman study, when new versions of these assessment tools 

are introduced, different scoring and testing methods may alter the scores. 

 

Some studies used parent questionnaires to assess neurodevelopment. These are also 

subjective. In the Collins study (31) the majority of mothers in the intervention group 

correctly guessed their group allocation. At the 7 year follow up the girls in this group scored 

lower on some sections of the parents’ questionnaire, but not in the neurodevelopmental 

testing. This may be due to the parents in this group having higher expectations to their 

children whom they believed were supplemented.  



 22 

Conclusion 
Despite the male disadvantage in prematurity being known for over 50 years, we still do not 

fully understand the mechanisms behind this. Several studies that have been done on different 

nutritional interventions in premature infants, however, most of these studies do not perform 

separate subgroup analyses to examine the difference in effect on gender. In the few studies 

that do examine gender differences, the nutritional interventions vary, which leads to 

difficulties when comparing the results. 

 

The results of the existing studies of gender differences in the effect of nutritional 

interventions in premature infants are inconclusive. Going forward, additional research is 

required. Studies should focus on using standardised nutritional interventions that are 

adequately powered, and study populations should be large enough to allow evaluation of 

gender differences in the effect of the interventions. 
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