
VU Research Portal

The Long Shadow of Very Preterm Birth

Twilhaar, E.S.

2019

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
Twilhaar, E. S. (2019). The Long Shadow of Very Preterm Birth: Towards an understanding of the nature,
predictors, and underlying mechanisms of neurodevelopmental impairments in adolescents born very preterm.
[PhD-Thesis - Research and graduation internal, Vrije Universiteit Amsterdam].

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 24. May. 2023

https://research.vu.nl/en/publications/2929c7ba-5874-45b4-967b-f92f0c91ef66


534969-L-bw-Twilhaar534969-L-bw-Twilhaar534969-L-bw-Twilhaar534969-L-bw-Twilhaar
Processed on: 3-9-2019Processed on: 3-9-2019Processed on: 3-9-2019Processed on: 3-9-2019 PDF page: 93PDF page: 93PDF page: 93PDF page: 93

93

4
Long-Term 
Neurodevelopmental 
Outcomes of a 
Randomized Trial of 
Enteral Glutamine 
Supplementation for 
Very Preterm Born 
Children



534969-L-bw-Twilhaar534969-L-bw-Twilhaar534969-L-bw-Twilhaar534969-L-bw-Twilhaar
Processed on: 3-9-2019Processed on: 3-9-2019Processed on: 3-9-2019Processed on: 3-9-2019 PDF page: 92PDF page: 92PDF page: 92PDF page: 92

92

Twilhaar ES, de Kieviet JF, Oosterlaan J, van Elburg RM. 

A randomised trial of enteral glutamine supplementation  
for very preterm children showed no beneficial or adverse  
longterm neurodevelopmental outcomes. 
Acta Paediatr. 2018;107:593599.



534969-L-bw-Twilhaar534969-L-bw-Twilhaar534969-L-bw-Twilhaar534969-L-bw-Twilhaar
Processed on: 3-9-2019Processed on: 3-9-2019Processed on: 3-9-2019Processed on: 3-9-2019 PDF page: 94PDF page: 94PDF page: 94PDF page: 94

The Long Shadow of Very Preterm Birth94

ABSTRACT

Background

Enteral supplementation of the amino acid glutamine has been shown to positively 
affect neonatal infection rates and brain development in very preterm infants. This 
study evaluated the long‐term effects of enteral glutamine supplementation on neuro
developmental outcomes of a Dutch cohort of very preterm children at 13 years of age.

Methods

The cohort was enrolled in a randomized placebo‐controlled trial between 2001 and 
2003 in which infants received glutamine‐ or alanine‐supplemented enteral nutrition 
during the first month of life. Participants were invited for follow‐up at a mean age of 
13.30 years. Motor, neurocognitive, academic and behavioral outcomes were assessed 
in 61 children.

Results

No differences were found between the groups regarding motor, intellectual, academic 
and behavioral functioning. Forward span visuospatial working memory performance 
was better in the controls (crude/adjusted model: d = 0.67/0.64, p = .02/.02), but no 
difference was found for backward span. After adjustment for confounders, the groups 
differed regarding parent‐rated attention (crude/adjusted model: d = 0.47/0.73, p = .07 
/.003), but both groups scored within the normal range.

Conclusion

This was the first study on the long‐term effects of enteral glutamine supplementation 
on the neurodevelopmental outcomes of very preterm children. Our study provided 
no evidence that enteral glutamine supplementation had any beneficial or adverse 
effects on the children’s motor, neurocognitive, academic, and behavioral outcomes 
at 13 years of age.



534969-L-bw-Twilhaar534969-L-bw-Twilhaar534969-L-bw-Twilhaar534969-L-bw-Twilhaar
Processed on: 3-9-2019Processed on: 3-9-2019Processed on: 3-9-2019Processed on: 3-9-2019 PDF page: 95PDF page: 95PDF page: 95PDF page: 95

Enteral Glutamine Supplementation 95

INTRODUCTION

Children born very preterm are highly susceptible to infection and inflammation due 
to immaturity of their immune system and gastrointestinal tract.1,2 Clear evidence has 
been published that serious neonatal infections are associated with impaired brain 
development and poor neurodevelopmental outcomes in very preterm children.3 One 
factor that may enhance gut maturation and immune function is glutamine, which is 
a conditionally essential amino acid that serves as an important source of energy for 
enterocytes and immune cells.4 During catabolic states, plasma levels of glutamine are 
low, which may impair mucosal integrity and immune function.4,5 Very preterm children 
are particularly prone to glutamine depletion, because preterm delivery inter rupts the 
high placental glutamine supply, parenteral feeding does not contain gluta mine and 
feeding intolerance impedes full enteral feeding.

Enteral glutamine supplementation in very preterm children has been shown to 
positively affected feeding tolerance and infectious morbidity6 and had a positive 
effect on brain development at 8 years of age.7 More specifically, enteral glutamine 
sup ple mentation was associated with increased white matter, hippocampus, and brain
 stem volumes, which were mediated by the number of neonatal infections. Given the 
increase in regional brain volumes, an improvement of neurocognitive functioning 
might have been expected.8 However, no differences were found in the motor, cognitive 
and behavioral outcomes between the glutamine‐supplemented and control groups at 
8 years of age.9 Brain development is a dynamic process with significant changes 
occurring in the period between late childhood and early adolescence.10 White matter 
development, which is to a large extent related to neurocognitive outcomes in very 
preterm children,11 is characterized by a linear increase with age.12 This could imply 
that the differences found in brain volume between the glutamine‐supplemented and 
control groups at 8 years of age may become more pronounced with increasing age. 
This, in turn, could be associated with neurocognitive differences between the groups 
that were not apparent during childhood. This study aimed to re‐evaluate the effect of 
enteral glutamine supplementation on motor, neurocognitive, academic and behavioral 
outcomes in the same cohort of very preterm children at 13 years of age. These domains 
have previously been shown to represent core deficits in very preterm children.13 Based 
on the earlier reported decrease in infectious morbidity and increase in brain volumes 
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at the age of eight, it was hypothesized that enteral glutamine supple  men tation would 
be associated with better neurodevelopmental outcomes during adoles cence. To our 
knowledge, this was the first study on the effects of enteral gluta mine supplementation 
on long‐term neurodevelopmental outcomes.

METHODS

Participants

This study was the latest follow‐up phase of a birth cohort in the Netherlands, and it 
took place when the children reached 13 years of age. Between September 2001 and 
July 2003, we enrolled 102 infants born with a gestational age of less than 32 weeks 
and/or a birth weight of below 1500 gram to take part in a randomized controlled 
trial (RCT) to investigate the effects of glutamine‐enriched enteral nutrition.14 They 
had all been admitted to the level three neonatal intensive care unit of the Vrije 
Universiteit Medical Center in Amsterdam within 48 hours of birth. Infants were 
random ly allocated to receive either glutamine‐ or alanine‐supplemented enteral 
nutrition, which were administered in increasing doses between day 3 and 30 of life. 
The maximum dose in the glutamine‐supplemented group was 0.3 g/kg/day. Further 
details on the intervention, inclusion, and randomization have been described in the 
study protocol (registry number: ISRCTN73254583).14 At 1 year of age, 88 (86%) of the 
102 infants were alive and eligible for follow‐up. At 7–8 years of age, 64 (73%) of the 
88 eligible children at 1 year were assessed with regard to their neurodevelopmental 
outcomes.9 At the age of 13, we assessed 61 children: 29 in the glutamine‐supplemented 
group and 32 in the control group. A complete overview of the inclusion from birth to 
the 13‐year follow‐up is depicted in Figure 4.1.



534969-L-bw-Twilhaar534969-L-bw-Twilhaar534969-L-bw-Twilhaar534969-L-bw-Twilhaar
Processed on: 3-9-2019Processed on: 3-9-2019Processed on: 3-9-2019Processed on: 3-9-2019 PDF page: 97PDF page: 97PDF page: 97PDF page: 97

Enteral Glutamine Supplementation 97

Motor, neurocognitive, academic and behavioral measures

The Movement Assessment Battery for Children, second edition,15 served as a measure 
of motor abilities. This battery consists of eight tests covering three areas of motor 
function: manual dexterity, ball skills, and static and dynamic balance. For this study, 
children were assessed with the tests suitable for subjects aged 11–16 years. Raw total 
scores were used in the analyses.

Figure 4.1  
CONSORT 2010 flow diagram.

Assessed for eligibility (n = 252)

Excluded  (n = 145)
• Not meeting inclusion criteria (n = 65)
• Declined to participate (n = 48)
• Other reasons (n = 32)

Analyzed  (full test battery, n = 27; 
questionnaires only, n = 2)

13-years follow-up:
• Lost to follow-up (death after intervention

period, n = 2; refusal to participate, n = 4;  
could not be traced, n = 10; task-interfering 
disabilities, n = 1) 

• Discontinued intervention (death, n = 6) 

Allocated to glutamine-enriched enteral
nutrition (n = 54)
• Received allocated intervention (n = 52)
• Did not receive allocated intervention 

(morbus Hirschsprung, n = 1; multiple
congenital malformations, n = 1)

13-years follow-up:
• Lost to follow-up (death after intervention

period, n = 2; refusal to participate, n = 7 
could not be traced, n = 5) 

• Discontinued intervention (death, n = 3; 
chromosomal translocation, n = 1)

Allocated to placebo (n = 53)
• Received allocated intervention (n = 50)
• Did not receive allocated intervention 

(Fallot’s tetralogy, n = 1; chromosomal
anomaly, n = 1, glutaric acidemia, n = 1) 

Analyzed  (full test battery, n = 28; 
questionnaires only, n = 4) 

Allocation

Analysis

Follow-up

Enrollment

Randomized (n = 107)
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Intelligence was assessed using a short form of the Wechsler Intelligence 
Scale for Children, third edition,16 using the vocabulary and block design subtests 
to estimate their full‐scale intelligence quotient (IQ). This short form has excellent 
reliability (r = .91) and correlates strongly (r > .90) with full‐scale IQ.17

The Attention Network Task18 was used to assess alerting, orienting and 
executive attention. Children were presented with a target stimulus consisting of an 
arrow pointing left or right. The target stimulus was flanked by four arrows pointing 
in either the same direction as the target stimulus in the congruent condition or the 
opposite direction in the incongruent condition. Stimuli were preceded by three types 
of warn ing cues: a central cue in the middle of the screen, a spatial cue indicating the 
position of the upcoming target, or no cue. Trials were randomly presented in four 
blocks of 48 trials, preceded by a practice block of 12 trials. Indices of network efficien
cy were obtained by computing differences in the mean reaction times between the 
con ditions: no cue – center cue for alerting, center cue – spatial cue for orienting, and 
incongruent – congruent for executive attention.

To measure visuospatial working memory, an adapted version of the spatial 
span task developed by Nutley et al.19 was used. Stimuli, in the form of yellow dots, 
were presented in a 4 × 4 grid in sequential order on a touch screen. Participants were 
required to reproduce sequences in the same and reverse order by tapping the locations 
on the touch screen. Trial difficulty was determined by the length of the sequence, 
path crossing and the distance between stimuli. The task was terminated after two 
incorrect trials with the same difficulty level. The product of the highest difficulty level 
reached and the number of correctly reproduced trials for each condition was used as 
the dependent variable in the analyses.19

Reading comprehension, spelling and arithmetic were assessed using a battery of 
standardized tests developed by the National Institute for Educational Measurement,20 
which are used to measure children’s academic skills and progression from grades  
1 to 6 — which cover the ages of 6–12 years — in 90% of the primary schools in the 
Netherlands. This study used the most recent test scores of each participant, which 
were the grade 6 test scores for most participants. For each academic domain, the raw 
scores were converted to a standardized score on a unidimensional continuum, which 
allows comparing the scores of different tests taken at different time points within and 
between participants.
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The children’s behavior was rated by their parents and teachers using the Child 
Behavior Checklist and Teacher Report Form, respectively.21 Raw scores for internal
izing and externalizing behavior were used in the analyses. The Strengths and Weaknesses 
of ADHD Symptoms and Normal Behavior22 was used as a parent‐ and teacher‐rated 
measure of attentional problems. This questionnaire was developed to capture variance 
at the symptomatic as well as the adaptive ends of the attention dimension. Behavior 
was rated on a 7‐point Likert scale, ranging from −3 (far below average) to +3 (far 
above average), anchored to average behavior.22

Procedure

This study was conducted according to the principles of the Declaration of Helsinki 
(2013) and approved by the local Scientific and Ethical Review Board. Informed consent 
was obtained from both the parents and children. Children visited the university with 
their parents to complete the test battery. The tests were individually administered by 
trained testers, who were blind to the group allocation, using standard ized instructions. 
Parents filled in questionnaires during their visit. Teachers were contacted with the 
written consent of both the children and parents to provide academic performance 
data and to fill in questionnaires about the child’s behavior and functioning.

Statistical analyses

Analyses were performed using IBM SPSS Statistics 23.0 (IBM Corp., Armonk, NY, 
USA). The amount of missing outcome data ranged from 1.8% to 10.9%. Multiple 
imputation with 25 imputations was applied. Groups were compared with demographic 
and perinatal factors using the two‐tailed unpaired t‐test, χ2test or Fisher’s exact test 
as appropriate. The effects of enteral glutamine supplementation were tested with 
univariate analyses of variance. Alpha levels were set at .05. Non‐normally distributed 
variables were log‐transformed, and Welch’s adjusted F‐statistic was used in cases of 
violation of the homogeneity assumption. The effect of enteral glutamine supple men
tation on outcomes was examined in a crude model and in a model that was adjusted 
for confounders. Potential confounders were selected if p < .20 or their inclusion resulted 
in ≥ 10% change in the estimate of glutamine.23 The factors we considered were as 
follows: age, sex, parental education, gestational age, birth weight, small for gestational 
age, Caesarean section, multiple birth, bronchopulmonary dysplasia, intra ventricular 
hemorrhage grade I/II, intraventricular hemorrhage grade III/IV, periventricular 
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leukomalacia, patent ductus arteriosus, and retinopathy of prematurity. Starting off 
with the full model with all potential confounders included, we searched for the most 
parsimonious model using backward elimination. The effect size measures of Cohen’s 
d and phi were interpreted as follows: d = 0.20 and Φ = 0.10 were small effects, d = 0.50 
and Φ = 0.30 were medium effects, and d = 0.80 and Φ = 0.50 were large effects.24

RESULTS

A total of 61 children, with a mean age of 13.30 years and standard deviation (SD) of 
0.29 years, contributed data to this study, representing 69% of those who were alive 
and eligible at the age of 1 year. The full battery of neurodevelopmental tests and ques
tion naires was completed by 55 children and parents. The remaining six children and 
parents only filled out the questionnaires that were part of the test battery. Partici
pants and nonparticipants were highly similar in terms of perinatal character istics 
(p = .07–1.00), except for a significantly higher incidence of IVH grade I/II among the 
non participants (p = .001). This difference was true for both conditions of the inter
ven tion (data available from author).

Demographic and perinatal characteristics of the glutamine‐supplemented 
group and the preterm control group are presented in Table 4.1. There were no signifi
cant group differences in any of these characteristics. Previous follow‐ups showed 
significantly lower rates of serious neonatal infections in the glutamine‐supplemented 
group compared to the controls.9,25 This difference did not reach statistical significance 
in this study sample (p = .10).

The motor, neurocognitive, academic, and behavioral outcomes of the glutamine‐
supplemented preterm group and the preterm control group are shown in Table 4.2. 
Both the crude analyses and the analyses that were adjusted for confounding factors 
showed highly comparable performances in both groups with regard to the outcome 
measures. No differences were found in motor, cognitive, and academic performances 
between the glutamine‐supplemented and control groups. There was a significant dif
ference in visuospatial working memory forward span between the groups, shown by 
both the crude model and the model adjusted for confounders (Table 4.2). Children in 
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 Control 

(n = 32) 

Glutamine 

(n = 29) 

Age, years, M (SD) 13.33 (0.28) 13.27 (0.31) 

Parental education level, n (%) high education 15 (47)  20 (69) 

Gender, n (%) boys 16 (50) 15 (52) 

GA, weeks, M (SD) 29.06 (1.56) 29.34 (1.57) 

BW, grams, M (SD) 1192.94 (315.76) 1289.38 (378.24) 

SGA, n (%) 9 (28) 6 (21) 

Caesarean section, n (%) 19 (59) 14 (48) 

Multiple birth, n (%) 9 (28) 6 (21) 

BPD, n (%) 11 (34) 8 (28) 

IVH grade I/II, n (%) 6 (19) 7 (24) 

IVH grade III/IV, n (%) 0 (0) 2 (7) 

PVL, n (%) 2 (6) 1 (3) 

PDA, n (%) 4 (14) 3 (11) 

ROP, n (%) 2 (7) 2 (7) 

NEC, n (%) 0 (0) 0 (0) 

≥ 1 serious infectiona, n (%) 25 (78) 17 (59) 

 

Table 4.1  

Sample characteristics. Note: GA = gestational age; BW = birth weight; SGA = small for gestational age; BPD =  

bronchopulmonary dysplasia; IVH = intraventricular hemorrhage; PVL = periventricular leukomalacia; PDA = patent 

ductus arteriosus; ROP = retinopathy of prematurity; NEC = necrotizing enterocolitis. a sepsis, meningitis, 

pyelonephritis, pneumonia or arthritis diagnosed based on a combination of clinical signs and positive culture. 

 

Table 4.1  
Sample characteristics. Note: BPD = bronchopulmonary dysplasia; 
BW = birth weight; GA = gestational age; IVH = intraventricular hemorrhage; 
NEC = necrotizing enterocolitis; PDA = patent ductus arteriosus; 
PVL = periventricular leukomalacia; ROP = retinopathy of prematurity; 
SGA = small for gestational age. a Sepsis, meningitis, pyelonephritis, 
pneumonia or arthritis diagnosed based on a combination of clinical signs 
and positive culture.
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   Crude model Adjusted model 

 
Control 

M (SD) 

Glutamine 

M (SD) 
b SE d b SE d 

Motor development         

MABC-II 66.93 (19.34) 60.76 (23.26) 6.17 5.76 0.29 6.86 5.96 0.31 

Cognitive abilities         

WISC-III 97.29 (17.13) 98.05 (17.67) –0.76 4.47 0.04 2.82 4.92 0.15 

Attention         

Alerting network 32.85 (29.19) 28.67 (37.81) 4.18 9.43 0.12 –0.95 9.59 0.01 

Orienting network 93.82 (43.32) 95.61 (41.45) –1.78 11.75 0.04 6.30 12.45 0.14 

Executive network 123.32 (59.91) 106.15 (61.83) 17.17 16.76 0.28 17.64 16.02 0.30 

Visuospatial WM         

Forward span 75.18 (29.03) 54.29 (34.09) 20.88* 8.53 0.67      19.83* 8.48 0.64 

Backward span 49.68 (36.33) 50.79 (29.04) –1.11 8.99 0.03 1.76 10.58 0.05 

Academic performance         

Reading 59.54 (20.97) 53.54 (20.33) 6.00 5.83 0.28 8.54 5.42 0.42 

Spelling 144.75 (8.28) 144.99 (6.31) –0.24 2.07 0.03 1.84 2.09 0.24 

Arithmetic 107.20 (18.33) 109.03 (14.11) –1.83 4.50 0.11 3.33 4.28 0.21 

Parent-rated behavior         

CBCL internalizinga 0.70 (0.29) 0.81 (0.23) –0.11 0.07 0.41 –0.04 0.07 0.14 

CBCL externalizinga 0.56 (0.25) 0.66 (0.27) –0.11 0.07 0.40 –0.10 0.07 0.35 

SWAN inattention 0.33 (1.15) –0.13 (0.78) 0.47 0.26 0.47   0.80** 0.25 0.73 

Teacher-rated behavior         

TRF internalizinga 0.79 (0.31) 0.65 (0.27) 0.14 0.08 0.44 0.15 0.09 0.45 

TRF externalizinga 0.54 (0.31) 0.47 (0.22) 0.07 0.08 0.25 0.07 0.08 0.23 

SWAN inattention 0.42 (1.12) 0.32 (0.94) 0.11 0.30 0.09 0.46 0.30 0.42 

 

Table 4.2  

Effects of enteral glutamine supplementation on main outcome measures at 13 years of age unadjusted and 

adjusted for confounders. Note: CBCL = Child Behavior Checklist; d = Cohen’s d;  MABC-II = Movement Assessment 

Battery for Children, second edition; SWAN = Strengths and Weaknesses of ADHD Symptoms and Normal 

Behavior; TRF = Teacher Report Form; WISC = Wechsler Intelligence Scale for Children-third edition; WM =  

working memory. a Log-transformed raw scores. * p < .05. ** p < .01. 

Table 4.2  
Effects of enteral glutamine supplementation on main outcome measures 
at 13 years of age unadjusted and adjusted for confounders. Note: 
CBCL = Child Behavior Checklist; d = Cohen’s d; MABC-II = Movement 
Assessment Battery for Children, second edition; SWAN = Strengths and 
Weaknesses of ADHD Symptoms and Normal Behavior; TRF = Teacher 
Report Form; WISC = Wechsler Intelligence Scale for Children-third edition; 
WM = working memory. a Log-transformed raw scores * p < .05. ** p < .01.
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the control group outperformed children in the glutamine‐supplemented group. No 
difference between groups was found for backward span. Internalizing and external izing 
behavior problems, as rated by parents and teachers, were not significantly dif ferent 
between the two groups. No difference between the groups was found in teacher‐rated 
attention skills. Parent‐rated attention skills were not different based on the crude model, 
but after covariate adjustment, scores were significantly higher in the control group.

DISCUSSION

This long‐term follow‐up study at 13 years of age revealed that very preterm children 
in the glutamine‐supplemented group showed similar performance on measures of 
motor, neurocognitive, academic, and behavioral outcomes to very preterm children 
in the control group. This suggests that enteral glutamine supplementation in very pre
term children during the first month of life has neither beneficial nor adverse effects 
on these outcomes at 13 years of age.

At 8 years of age, an increase in white matter, hippocampus and brain stem 
volume was found in the glutamine‐supplemented group compared to the control 
group. This effect was mediated by the number of neonatal infections.7 The findings on 
functional outcomes of the current follow‐up study are in line with the findings of the 
follow‐up of the same cohort at 8 years of age.9 This indicates that the lowered incidence 
of neonatal infection and the increased regional brain volumes in the glutamine‐
supplemented group did not translate into significantly improved func tio nal outcomes 
in these children. Nutritional deficiencies, infection, and inflammation are important 
risk factors for poor neurodevelopmental outcomes in very preterm children.3,26 
However, the eventual outcomes are determined by complex interactions of genetic 
and environmental factors. For example, nutritional deficiencies were shown to have a 
larger impact on neurocognitive outcomes in children growing up in less stimulating 
environments than children in more stimulating environments.27 It is conceivable 
that the positive effects of glutamine on infection and brain develop ment did not alter 
long‐term neurocognitive outcomes because these effects are either nullified by other 
factors or only expressed under certain conditions.
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The difference between the glutamine‐supplemented and control group in 
spatial span forward was unexpected. No differences between groups were found in 
backward spatial span. For verbal digit span tasks, it is well established that recall 
in reverse order is more difficult than in the same order.28 This is not true for spatial 
span. Studies comparing spatial span performance showed no differences between 
forward and backward span.29,30 In line with these studies, our results showed similar 
performance on the forward and backward conditions in the glutamine group, while 
in the control group performance on the forward condition was significantly better 
than on the backward condition. This suggests that given the backward spatial span, 
the forward span of the control group is unusually large. Therefore, we argue that the 
difference between the glutamine‐supplemented and control group in forward spatial 
span resulted from an unusually good performance in the control group, rather than 
an unexpectedly poor performance in the glutamine group.

Long‐term follow‐up studies of RCTs of nutritional interventions are scarce 
but necessary to establish the effects and risks of interventions. This study is one of 
the few RCTs on nutrition in preterm children with a long follow‐up. Attrition is a 
common and inherent problem of long‐term follow‐up studies, which also limited the 
current study. It affects statistical power and generalizability of the results. Due to our 
small sample size, there is an increased probability of missing potentially important 
long‐term effects of glutamine supplementation. Moreover, the relatively small sample 
size limited the possibility to explore characteristics that may modify the effects of 
glutamine supplementation. Nevertheless, our study had a satisfactory follow‐up 
rate and there was no evidence for selective loss to follow‐up. Therefore, despite its 
limitations, we feel that the current study makes a valuable contribution to the search 
for optimal feeding strategies for very preterm infants.
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CONCLUSION

Our study provided no evidence for beneficial or adverse effects of enteral glutamine 
supplementation in very preterm children during the first month of life on motor, 
neuro cognitive, academic, and behavioral outcomes at 13 years of age. This was the 
first study on the effects of enteral glutamine supplementation on long‐term neuro
developmental outcomes. The positive effects of enteral glutamine supplementation on 
neonatal infections, time to full enteral feeding, and brain volume are promising and 
of potential clinical importance.6,7 Future studies may clarify under which conditions 
enteral glutamine supplementation would be most beneficial and further investigate 
the optimal dosage and duration of enteral glutamine supplementation. Furthermore, 
it would be of interest to study the neuroprotective effects of glutamine in combination 
with other nutritional interventions that could be potentially beneficial to brain 
development.26
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