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Abstract

aim: to determine the effect of neonatal glutamine-enriched enteral nutrition in very low birth 

weight (vlbw) infants on neurodevelopmental outcome at two years of age 

methods: of the102 infants of the initial study (13 died, 1 exclusion due to a chromosomal 

abnormality), 88 were eligible for the follow-up study. neurodevelopmental outcome (neu-

rologic status, vision, hearing, and mental developmental index (mdi) and psychomotor 

developmental index (pdi) of the bayley scales of infant development ii was evaluated at the 

corrected age of two years. to adjust for potential confounders, data were analyzed by multiple 

linear or logistic regression for continuous and dichotomous variables, respectively.

results: 72/88 (82%) infants participated in the follow-up study: 40 in glutamine supplemented 

group and 32 in control group. the incidence of either a mdi or a pdi ≤ 85 was not different in 

glutamine supplemented and control group (mdi ≤ 85: 27 and 19%, p=0.17; pdi ≤ 85: 28 and 

16% p=0.16 respectively). the incidence of neurodevelopmental impairment was not different 

between both groups (or: 2.16, 95% ci: 0.64-7.28). 

conclusions: although neonatal glutamine-enriched enteral nutrition in vlbw infants reduced 

neonatal infectious morbidity, it did not improve neurodevelopmental outcome at two years 

of age in this study. 
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Introduction

several studies in very low birth weight (vlbw) infants have investigated the effect of par-

enteral or enteral glutamine supplementation on morbidity and short term outcome in the 

neonatal period.1-5 in recent studies in vlbw infants, neu et al.1 and our group2 have found that 

glutamine-enriched enteral nutrition between day 3 and 30 of life decreased the incidence of 

neonatal infections. other studies on enteral3 and parenteral4,5 glutamine supplementation in 

vlbw infants could not confirm this finding, possibly because of differences in supplementa-

tion method, supplementation dose and definition of infections.

neonatal infections in vlbw infants are associated with poor neurodevelopmental outcome 

(including cerebral palsy and visual impairment) in early childhood.56 we hypothesized that 

glutamine-enriched enteral nutrition in vlbw infants may lead to improved neurodevel-

opmental outcome in early childhood by reducing the neonatal infectious morbidity. so far, 

no reports on long-term effects of early enteral glutamine supplementation are available. . 

in a secondary analysis of a multicenter trial, early administration of parenteral amino acids 

was found to improve growth at 36 weeks postmenstrual age and to decrease incidence of 

suboptimal head growth at 18 months of age, associated with poor neurodevelopmental 

outcome.5,59 however, the authors did not provide data about neurodevelopmental outcome 

in the glutamine-supplemented versus the control group. 

the aim of this follow-up study was to evaluate the effect of neonatal glutamine-enriched 

enteral nutrition in vlbw infants on neurodevelopmental outcome at the corrected age of two 

years. 

Patients and methods

Initial study

the initial study was a randomized double-blind placebo-controlled trial of glutamine-enriched 

enteral nutrition in 102 vlbw infants (gestational age <32 weeks and/or birth weight <1500 g).2 

infants admitted to the level iii neonatal intensive care unit (nicu) of the vu university medical 

center, amsterdam, were eligible for the study. in this study, infants received enteral glutamine 

supplementation (0.3 g/kg/day) or an isonitrogenous placebo supplementation (alanine) 

between day 3 and 30 of life. for further details of the study design, including sample size 

calculation, we refer to the study protocol.115 baseline characteristics of the follow-up cohort 

and their mothers were recorded in the initial study.2 

the national central committee on research involving human subjects and the medical ethical 

review board of our institute approved the study protocol. all parents gave written informed 

consent.
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Neurodevelopmental Outcome

as part of our routine follow-up program, a pediatric psychologist assessed all participating 

infants at the corrected age of two years. to assess cognitive development, mental develop-

ment index (mdi) and psychomotor development index (pdi) of the bayley scales of infant 

development (bsid-ii) were used.132,133 during routine follow-up examination, a pediatrician 

and a physiotherapist screened the infants for cerebral palsy. infants with spastic hemiplegia, 

diplegia, hemidiplegia or quadriplegia were categorized as cerebral palsy. medical records, 

including visual and hearing examinations, were reviewed. both parents and investigators were 

unaware of treatment allocation in the neonatal period.

neurodevelopmental impairment was defined as any of the following conditions; mdi ≤ 85 

(-1.0 SD), pdi ≤ 85 (-1.0 SD), cerebral palsy, blindness of one or both eyes or hearing loss requir-

ing amplification. 

Statistical analysis

data are presented as mean and standard deviation (sd) and median (range) when appropriate. 

infant and maternal characteristics were analyzed by student’s t-test, mann-whitney u test and 

chi-square test or fisher’s exact test for continuous normally distributed data, nonparametric 

continuous data and dichotomous data, respectively.

to adjust for potential confounding variables, data were analyzed by multiple linear or logistic 

regression for continuous and dichotomous outcome variables, respectively. adjustments were 

made for gestational age, birth weight <tenth percentile,98 sex, postnatal corticosteroids, and 

≥1 neonatal infection.

a p-value <0.05 (two-tailed) was considered significant. spss 13.0 (spss inc., chicago, il, usa) 

was used for data analysis.

Results

at the corrected age of two years, 88/102 (86%) infants were eligible to participate in the follow-

up study. of these 88 infants, 72 (82%) finally participated in the study, of which 40 infants 

received enteral glutamine supplementation and 32 received placebo supplementation during 

neonatal period. the complete trial profile is shown in Figure 1. reasons for not participating 

in the study were: difficulties with the dutch language (n=5), family could not be reached (n=4), 

family did not show up (n=3), migration abroad (n=2), and no informed consent (n=2). 

baseline infant and maternal characteristics were not different in the participating (n=72) and 

nonparticipating (n=16) groups, except for a higher maternal age and a higher percentage of 

caucasian mothers in the participating group (data not shown). 
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252 infants AD <32 weeks or BW <1500 grams 

107 infants randomized 

145 not randomized: 
-  48 no informed consent  
-  32 participation in other trial 
-  29 transfer from extraregional hospital 
-  18 transfer <48 hours 
-  12 d eath <48 hrs  
-    6 congenital malformations 

54 glutamine -  enriched enteral nutrition

2 exclusions: 
-  1 morbus Hirschsprung  
-  1 multiple congenital malformations  

53 controls 

3 exclusions: 

-1 Fallot’s tetralogy 
-1 trisomy 21 
-1 glutaric acidemia 

50 analyzed by intention to treat 

8 inf ants died  

-2 no informed consent 
-1 migration to foreign country  

-5 infants died  

44 eligible to participate in follow -up study 44 eligible to participate in follow -up study 

-3 did not show up at clinic 
-1 migration to foreign country  

4 lost to follow-up: 

40 Neurodevelopmental follow-up 32 Neurodevelopmental follow-up 

12 lost to follow-up: 

-4 could not be reached -1 difficulties with Dutch language 
-4 difficulties with Dutch language 

52 analyzed by intention to treat 

-1 chromosomal translocation (found
at age 1) 

Figure 1: Trial profile 

Chapter 6.

Figure 1. trial profile
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baseline infant and maternal characteristics were not different in the glutamine-supplemented 

and control group, except for the incidence of ≥1 neonatal infection (Table 1). mental and 

psychomotor developmental indices were not different in both groups (Table 2). adjustment 

for sex, gestational age, birth weight <tenth percentile, ≥1 neonatal infection and postnatal 

corticosteroids did not change these results. neonatal glutamine-enriched enteral nutrition 

had no effect on the incidence of cerebral palsy or neurodevelopmental impairment (Table 2). 

none of the infants were blind and the incidence of hearing disability was not different in both 

groups (glutamine-supplemented and control group: 1/40 (3%) and 1/32 (3%), p=0.87).

Table 1: baseline characteristics

Glutamine-supplemented
(n=40)

control 
(n=32)

p*

Maternal characteristics

maternal age at birth (years, months) 30,6 (4.6) 28,1 (5.2) 0.17

maternal race (% caucasian) 31/40 (78%) 30/32 (94%) 0.06

high maternal education† 18/40 (45%) 9/32 (28%) 0.08

Infant characteristics

≥ 1 course of antenatal corticosteroids‡ 13/40 (33%) 16/32 (50%) 0.13

vaginal delivery 17/40 (43%) 14/32 (44%) 0.92

sex: (% male) 18/40 (45%) 17/32 (53%) 0.49

Gestational age (wks) 29.4 (1.7) 28.8 (1.6) 0.13

birth weight (kg) 1.18 (0.37) 1.17 (0.31) 0.91

birth weight <tenth percentile§ 13/40 (33%) 8/32 (25%) 0.49

5-minute apgar score ≤ 6 3/40 (8%) 2/32 (6%) 0.84

surfactant 18/40 (45%) 16/32 (50%) 0.67

pivh ≥ grade iii ii 2/40 (5%) 0/32 (0%) 0.20

postnatal corticosteroids 3/40 (7%) 2/32 (6%) 0.84

≥1 neonatal infection ¶ 22/40 (55%) 25/32 (78%) 0.04

age at discharge from nicu (days) 23 (2-122) 28 (3-107) 0.21

age at discharge from hospital (days) 60 (35-180) 73 (36-162) 0.19

age at follow-up (months) 26 (2.0) 27 (1.3) 0.66

data are mean (sd), median (range) or number (%). *student’s t test, mann-whitney u test and chi-square or 
fisher’s exact test for continuous normally distributed, nonparametric continuous and dichotomous data, 
respectively. †higher professional or university education.
‡one course is 2 doses of 12-mg intramuscular betamethasone, 24 hours apart. §according to usher.98 iiall 
periventricular intraventricular hemorrhage (pivh) ≥ grade iii were diagnosed before start of glutamine 
supplementation. ¶sepsis, pneumonia, meningitis, pyelonephritis or arthritis as diagnosed by a combination of 
clinical signs and a positive culture.127
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Discussion

the results of this study indicate that neonatal glutamine-enriched enteral nutrition in vlbw 

infants has no beneficial effect on neurodevelopmental outcome at age two. no other studies 

have assessed neurodevelopment after neonatal glutamine supplementation. positive short-

term effects of an intervention in neonatal period might be associated with adverse long-term 

effects, which underlines the importance of assessment of long-term outcome and safety.6 in our 

initial study, safety of glutamine-enriched enteral nutrition was assessed by measuring plasma 

amino acid concentrations at 4 time points. we found that glutamine-enriched enteral nutrition 

did not alter plasma concentrations of glutamate, a glutamine metabolite that is potentially neu-

rotoxic, or other amino acids.134 in addition, no adverse effects of neonatal glutamine-enriched 

enteral nutrition were observed in any of the infants.2 therefore, we concluded that neonatal 

glutamine-enriched enteral nutrition in a dose of 0.3 g/kg/day is safe in vlbw infants. the 

absence of adverse neurodevelopmental outcome at the corrected age of two years in vlbw 

who received neonatal glutamine-enriched enteral nutrition supports this conclusion.

in an additional analysis, we compared infants with a neonatal infection with infants without 

a neonatal infection. infants with neonatal infection had lower mdi scores, and more often 

mdi scores of ≤85, compared to infants without neonatal infection (data not shown). adjust-

ment for sex, gestational age, birth weight <tenth percentile, neonatal glutamine or placebo 

supplementation and postnatal corticosteroids did not change these results. the incidence 

of cerebral palsy and hearing disability was not different in infants with or without neonatal 

Table 2: neurodevelopmental outcome by ‘glutamine-supplemented’ versus ‘controls’ 

Glutamine-
supplemented  

(n=40)

control 
(n=32)

analysis b 95% ci p

mdi 96 (49-139) 101 (58-136)
crude* -5.1 -14.9-4.8 0.32

adjusted* -6.7 -16.3-2.8 0.17

pdi 93 (69-119) 101 (49-122)
crude* -6.6 -11.5-2.7 0.22

adjusted* -8.6 -12.7-2.1 0.15

or

mdi ≤ 85 11/40 (27%) 6/32 (19%)
crude† 0.61 0.20-1.90 0.39

adjusted† 0.42 0.12-1.45 0.17

pdi ≤ 85 11/40 (28%) 5/32 (16%)
crude† 0.49 0.15-1.59 0.23

adjusted† 0.38 0.10-1.15 0.16

cerebral palsy 6/40 (15%) 4/32 (13%)
crude† 1.21 0.32-4.82 0.76

adjusted† 1.50 0.35-6.20 0.60

neurodevelopmental 
impairment

16/40 (40%) 12/32 (38%)
crude† 1.11 0.43-2.89 0.83

adjusted† 2.16 0.64-7.28 0.22

data are median (range) or number (%). b=beta; or=odds ratio; ci=confidence interval. *linear or †logistic 
regression analysis, adjusted for sex, gestational age (weeks), birth weight <tenth percentile, postnatal 
corticosteroids, and ≥1 neonatal infection.
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infection. however, the risk for neurodevelopmental impairment was higher in infants with 

neonatal infection than in infants without neonatal infection (p<0.05) these findings are in 

line with results of several other studies.56,135-137 to develop strategies to improve long-term 

outcome, understanding the pathophysiology of central nervous injury in vlbw infants is 

important. from various studies, it is now clear that infections such as chorioamnionitis, sepsis 

and necrotizing enterocolitis have an adverse effect on neurodevelopmental outcome, due to 

secondary brain damage.57

 the question remains why the adverse effect of a neonatal infection on neurodevelopmental 

outcome is not completely counteracted by the anti-infectious effect of glutamine supple-

mentation. a possible explanation could be a difference in severity of infections between 

glutamine-supplemented and control groups, i.e. more severe infections in the glutamine-

supplemented group. this explanation seems unlikely, because the two groups did not differ 

in type of pathogen, type of infection nor in short term outcome (data not shown). another 

explanation might be that although neonatal glutamine-enriched enteral nutrition decreases 

the incidence of neonatal infections, it may also have a negative effect on neurodevelopmental 

outcome. however, as we found no differences in neurodevelopmental outcome in glutamine-

supplemented infants versus controls without neonatal infections, this explanation is unlikely. 

some aspects of our study design need to be addressed. firstly, we recognize that a control 

group without glutamine or alanine supplementation would have been more representative 

for daily practice. however, comparing glutamine supplementation with no amino acid supple-

mentation limits the possibility of drawing conclusions on the effect of glutamine, as the results 

may reflect the effect of amino acid supplementation per se. therefore, in the initial study, we 

decided to compare glutamine supplementation with isonitrogenous alanine supplementa-

tion. secondly, as the sample size calculation of the study was based on the primary outcome 

of the initial trial, the sample size of the follow-up study was relatively small. as a consequence, 

the conclusions of our study are susceptible to a type ii error. thirdly, in the initial study, the 

rate of neonatal infections was relatively high in both treatment groups. however, the relatively 

high rate of neonatal infections is in line with the results of a recent surveillance study of noso-

comial infections in our nicu.127 we used predefined definitions for nosocomial infections in 

neonates that were adapted from the current definitions from the center for disease control 

and prevention for nosocomial infections in children < 1 year. the relatively high infection 

rate can be partially explained by our definitions of nosocomial infections and the relatively 

high device-associated utilization ratios in our nicu.127 fourthly, in our initial study, all cases of 

severe pivh (≥ grade iii) were randomly assigned in the glutamine-supplemented.2 however, 

all cases of pivh ≥ grade iii were diagnosed before the start of glutamine supplementation. 

as 3 cases with pivh ≥ grade iii died and 1 was lost to follow-up, only 2 were included in the 

follow-up study. addition of pivh to our regression analysis did not influence our results (data 

not shown). finally, the predictive value of the bayley scales for cognitive function has been 

criticized before.138 neurodevelopmental outcome of infants may change, as the infants get 
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older. therefore, further follow-up study of this cohort may contribute to better understanding 

whether these effects are transient or permanent. 

in conclusion, this is the first study into the effects of neonatal glutamine-enriched enteral nutri-

tion in vlbw infants on neurodevelopmental outcome at the corrected age of two years. our study 

indicates that neonatal glutamine-enriched enteral nutrition in vlbw infants does not improve 

neurodevelopmental outcome at the corrected age of two years. based on the absence of adverse 

neurodevelopmental outcome, neonatal glutamine-enriched enteral nutrition in vlbw infants 

seems to be safe. in line with other studies, we found that neonatal infections in vlbw infants 

are associated with adverse neurodevelopmental outcome.6,57,136-138 further follow-up study of 

this well-defined cohort of vlbw infants may contribute to a better understanding of long-term 

effects of neonatal glutamine-enriched enteral nutrition on neurodevelopmental outcome. 




