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Abstract

objective: little is known about the long-term effects of glutamine supplementation in very low 

birth weight (vlbw) infants. we hypothesized that neonatal glutamine supplementation could 

enhance the maturation of the immune response by stimulating th1 cytokine responses and 

influence on the bacterial colonization of the gut. this may lead to less allergic and infectious 

disease later in life. the aim of the study was to determine the effect of glutamine-enriched 

enteral nutrition in vlbw infants on the incidence of allergic and infectious disease during the 

first year of life.

patients and methods: at the corrected age of one year, all surviving infants who participated 

in a trial of glutamine-enriched enteral nutrition in vlbw infants, were eligible to participate 

in the follow-up study. incidence of allergic and infectious disease was assessed by means of 

validated questionnaires.

results: 77 of 90 (86%) infants participated in the follow-up study. baseline patient, maternal 

and environmental characteristics did not differ between the glutamine-supplemented (n=37) 

and the control (n=40) groups, except for the incidence of serious neonatal infections and 

child care attendance. after adjustment for confounding factors, the risk for atopic dermatitis 

was lower in the glutamine-supplemented group (or 0.13, 95% ci 0.02-0.96). however, the 

incidence of bronchial hyperreactivity (or 0.36, 95% ci 0.10-1.25) and upper respiratory (or 

0.99, 95% ci 0.35-2.79), lower respiratory (or 0.39, 95% ci 0.13-1.24), and gastrointestinal tract 

(or 1.25, 95% ci 0.23-6.86) infections were not different between treatment groups.

conclusions: Glutamine-enriched enteral nutrition in vlbw infants decreased the incidence of 

atopic dermatitis during the first year of life, but had no effect on the incidence of bronchial 

hyperreactivity and the incidence of infectious disease during the first year of life. further 

follow-up study is needed to determine whether these findings persist over time.
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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 outcome in the neonatal 

period.1-5 however, little is known about the long-term effects of this nutritional intervention. 

as recently discussed in a workshop on research issues in neonatology,7 knowledge about the 

effect of nutritional interventions on long-term outcome and disease later in life (e.g. allergy 

and asthma) may contribute to deliberate choices in neonatal nutritional support in vlbw 

infants.

experimental studies have shown that the amino acid glutamine plays an important role in 

maintaining functional integrity of the gut.51,61-63 in addition, glutamine is used at a high rate by 

cells of the immune system.39 Glutamine stimulates proliferation of t-lymphocytes in response 

to t-cell mitogens,39 phagocytosis and antigen presentation by monocytes64 and the t-helper 

type 1 cytokine response.25,65 the adaptive immune response can be defined by a t-helper 

type 1 (th1) versus a t-helper type 2 (th2) response.66 the th1 response is a pro-inflammatory 

response against mostly all pathogens, principally regulated by th1-cells and dominated by 

ifn-γ secretion. the th2 response against large extracellular pathogens and allergens is char-

acterized by mast cell degranulation, eosinophilic and basophilic tissue infiltration, principally 

regulated by th2-cells and interleukine-4 secretion. th2 cytokine responses dominate the 

neonatal immune response,31 as during pregnancy the maternal immune response is skewed 

towards th2 immunity.67,68 after birth, microbial exposure stimulates th1 cytokine responses 

and shifts the neonatal immune response towards balanced th1/th2 cytokine responses.31 in 

addition, other factors early in life such as mode of delivery69,70 and enteral nutrition37 may 

influence this maturation process.

delayed transition from fetal th2-polarized cytokine responses to adult th1-polarized cytokine 

responses may lead to long-term dysregulation of th2 responses32 and allergic disease.33,34 the 

shift from th2 cytokine towards th1 cytokine responses can be manipulated in early infancy, as 

suggested by martinez et al35 and other groups.36,37 we hypothesized that glutamine-enriched 

enteral nutrition in the neonatal period may enhance the maturation of the immune response 

and may lead to decreased allergic disease later in life. in addition, we and others have found 

that glutamine-enriched enteral nutrition, administered between day 3 and 30 of life, decreased 

the incidence of serious infections in the neonatal period.1,2 the question arose whether this 

would have consequences for long-term resistance against infectious disease.

the aim of this follow-up study was to determine the effect of glutamine-enriched enteral 

nutrition in vlbw infants on the incidence of allergic and infectious disease during the first 

year of life by means of validated questionnaires. 
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Patients and methods

Study population 

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

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

this study, infants received enteral glutamine supplementation (0.3 g/kg/day) or an isonitrog-

enous placebo supplementation (alanine) between day 3 and 30 of life.

at the corrected age of one year, all surviving infants were eligible to participate in the follow-up 

study. the national central committee on research involving human subjects and the medical 

ethical review board of our institute approved the study protocol. written informed consent 

was obtained from all parents.

Questionnaire

Questionnaires were sent to the parents of all participating infants, prior to the routine outpa-

tient clinic visit of their infant at one year. parents and researchers were unaware of treatment 

allocation in the neonatal period. the questionnaire was adapted from questionnaires used in 

the piama study71 and the Generation r study,72 and was designed to collect data on allergic 

and infectious disease and environmental, lifestyle, demographic and socio-economic char-

acteristics. the questionnaire included the following sections: growth and vaccination status, 

allergic disease (including questions about the frequency, severity and location of itchy skin 

lesions; the frequency and severity of dyspnea, wheezing, humming/sawing breath sounds or 

nightly dry cough; doctor visits for these complaints and family history of atopy), infectious 

disease (episodes of severe cold, otitis, pharyngitis, pneumonia, bronchitis/bronchiolitis, men-

ingitis, sepsis, urinary tract infections, gastroenteritis, croup, whooping cough, chicken pox, 

measles or skin infections; general practitioner/hospital visit and prescription of medication 

for infectious diseases), fever episodes (temperature measurements; the frequency of fever epi-

sodes; the presence of other complaints in combination with fever and doctor visit), nutrition 

(daily nutrition and the use of hypo-allergenic formulas), environment (housing characteristics; 

the presence of pets; smoking in the environment of the child and child care attendance) and 

questions about the parents (the education and profession of the parents). 

Outcome measures

allergic disease included atopic dermatitis, milk protein allergy and bronchial hyperreactiv-

ity. atopic dermatitis was defined as a doctor-diagnosed skin rash on ≥1 typical location: 

flexural sites (ankle, knee and elbow) or around eyes and ears. milk protein allergy had to be 

doctor-diagnosed. bronchial hyperreactivity was diagnosed in case of ≥3 of the following 
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doctor-diagnosed symptoms: dyspnea, wheezing, humming/sawing breath sounds or nightly 

dry cough without a cold. upper respiratory tract infections included ≥1 doctor-diagnosed epi-

sode of severe cold, throat infection or otitis media. lower respiratory tract infections included 

≥1 doctor-diagnosed episode of bronchitis, bronchiolitis or pneumonia. Gastrointestinal infec-

tions, urinary tract infections, sepsis and meningitis included doctor-diagnosed episodes.

Statistical analysis

normally distributed and non-parametric data are presented as mean (sd) and median (range), 

respectively. infant, maternal and environmental characteristics were analyzed with 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.

logistic regression was performed to examine whether glutamine-enriched enteral nutrition in 

the neonatal period influenced the presence of allergic and infectious diseases in the first year 

of life. in additional analyses, adjustments were made for maternal education, parental history 

of atopy, smoking and pets at home in case of allergic disease, and for maternal education, 

smoking at home, siblings and child care attendance in case of infectious disease. no statistical 

analysis was performed when the number of infants affected was too small.

a p-value <0.05 (two-tailed) was considered significant. spss 11.0 (spss inc., chicago, il) was 

used for data analysis.

Results

between december 2002 and october 2004, 77 of 90 (86%) surviving infants participated in 

the follow-up study. reasons for non response were: not understanding dutch (n=6), failure to 

return the questionnaire (n=3), refusal of informed consent (n=2) and emigration (n=2). Figure 

1 shows the complete trial profile. 

baseline patient, maternal and environmental characteristics were not different between gluta-

mine-supplemented and control groups, except for the occurrence of ≥1 serious infection in the 

neonatal period and child care attendance (Table 1). the age of the infants at follow-up was 1.3 

± 0.2 versus 1.3 ± 0.1 years in glutamine-supplemented and control group, respectively (p=0.65).

the incidence of doctor-diagnosed allergic disease in the first year of life is shown in Table 2. 

in the glutamine-supplemented group the risk for atopic dermatitis was smaller compared to 

the control group, after adjustment for maternal education, parental history of atopy, smoking 

and pets at home (odds ratio 0.13, 95% confidence interval 0.02-0.96, p=0.05). no significant 

relation was found between glutamine supplementation in the neonatal period and bronchial 

hyperreactivity in the first year of life. milk protein allergy occurred in only 2 infants in the 

control group (no statistical analysis performed).
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the incidence of doctor-diagnosed infectious disease in the first year of life is shown in Table 3. 

the risk for upper respiratory tract, lower respiratory tract and gastrointestinal tract infections 

was not different between glutamine-supplemented and control groups even after adjustment 

for maternal education, smoking at home, siblings and child care attendance. urinary tract 

infections occurred in 5 infants in the glutamine-supplemented group. all of these infants had 

congenital malformations of the urogenital tract.

  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 death <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 

52 analyzed by intention to treat in primary study 50 analyzed by intention to treat in primary study 

8 infants died  

7 non response: 
- 3 not understanding Dutch  
- 2 refusal of  informed consent 
- 1 failure to return the questionnaire 
- 1 emigration  

4 infants died  

44 eligible to participate in follow-up study 46 eligible to participate in follow-up study 

37 questionnaires returned 40 questionnaires returned 

6 non response: 
- 3 not understanding Dutch 
- 2 failure to return the questionnaire 
- 1 emigration  

Figure 1. Trial profile

Chapter 2.

Figure 1. trial profile
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Table 1. baseline characteristics

Glutamine (n=37) control (n=40) p*

infant characteristics

vaginal delivery (%) 16/37 (43%) 18/40 (45%) 0.88

Gestational age (wks) 29.4 (1.6) 29.1 (1.7) 0.44

birth weight (kg) 1.20 (0.37) 1.20 (0.32) 0.99

sex (% male) 18/37 (49%) 22/40 (55%) 0.58

≥1 serious infection in the neonatal period† 23/37 (62%) 33/40 (83%) 0.05

age at discharge from nicu (days) 21 (2-121) 27 (3-109) 0.23

age at discharge from hospital (days) 60 (35-180) 69 (35-162) 0.32

age at follow-up (years) 1.3 (0.2) 1.3 (0.1) 0.65

age at follow-up –1 year of corrected age (wks) 0.9 (-5.3-12.1) 0.9 (-4.6-22.1) 0.66

maternal characteristics

maternal age at birth (years) 30.3 (4.7) 28.3 (5.5) 0.09

maternal race (% caucasian) 32/37 (87%) 36/40 (90%) 0.45

high maternal education‡ 19/37 (51%) 12/40 (30%) 0.06

environmental characteristics

smoking at home 7/37 (19%) 7/40 (18%) 0.87

siblings 16/37 (43%) 20/40 (50%) 0.55

parental history of atopy 19/37 (51%) 19/40 (48%) 0.74

pets at home 18/37 (49%) 23/40 (58%) 0.44

child care attendance§ 25/37 (68%) 15/40 (38%) 0.008

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. †sepsis, meningitis, pyelonephritis, pneumonia or arthritis as diagnosed by a combination of 
clinical signs and a positive culture. ‡higher professional or university education. §>1 day/week.

Discussion

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

between days 3 and 30 of life decreases the incidence of atopic dermatitis during the first year 

of life. however, there is no effect on the incidence of bronchial hyperreactivity. in addition, 

glutamine-enriched enteral nutrition in the neonatal period does not influence the incidence 

of infectious disease during the first year of life.

Glutamine-enriched enteral nutrition in vlbw infants may lead to less atopic dermatitis during 

the first year of life by enhancing maturation of the immune response. experimental studies 

have shown that optimal glutamine concentrations improve the th1 cytokine response fol-

lowing malnutrition65 or stimulation with phytohemagglutinin, bacillus calmette-Guérin 

and the measles virus.25 furthermore, glutamine supplementation improved thickness and 

optical density of the intestinal mucus gel in rats on parenteral nutrition.51the mucus layer 

is an important site for bacterial colonization73 and its composition may modulate bacterial 

adherence.74 microbial colonization of the gut is considered the most important stimulus for 
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th1 cytokine responses.28,31,36 sudo et al.32 have shown that germ-free mice had prolonged th2 

cytokine responses, whereas th1 cytokine responses rapidly developed after introduction of 

commensal intestinal microflora. furthermore, björkstén et al.46 reported that coliform bacteria 

were more prevalent in the commensal microflora of atopic children, while more lactobacilli 

and bifidobacteria were present in non-atopic children. 

the finding that glutamine-enriched enteral nutrition decreases the risk for atopic dermatitis 

but not for bronchial hyperreactivity may be explained by the fact that during the first year of 

life, bronchial hyperreactivity is a less specific condition than atopic dermatitis. the respiratory 

status is strongly related to neonatal respiratory problems. in addition, symptoms of a respira-

tory tract infection often resemble symptoms of bronchial hyperreactivity.

in the initial study into the effect of glutamine-enriched enteral nutrition in vlbw infants on 

morbidity and outcome in the neonatal period, we found a lower incidence of serious infections 

Table 3. doctor-diagnosed infectious disease

Glutamine (n=37) control (n=40 ) analysis or 95% ci p*

upper respiratory tract 
infection† 24/37 (65%) 23/40 (58%)

crude 1.36 0.54-3.43 0.51

adjusted§ 0.99 0.35-2.79 0.99

lower respiratory tract 
infection‡ 7/37 (19%) 14/40 (35%)

crude 0.43 0.15-1.24 0.12

adjusted§ 0.39 0.13-1.24 0.11

Gastrointestinal tract 
infection

4/37 (11%) 3/40 (8%)
crude 1.50 0.31-7.18 0.62

adjusted§ 1.25 0.23-6.86 0.80

urinary tract infection 5/37 (14%) 0/40 (0%)

sepsis/meningitis 0/37 (0%) 0/40 (0%)

data are number (%). or=odds ratio; ci=confidence interval. the incidence of urinary tract infections and sepsis/
meningitis did not allow statistical analysis. *logistic regression analysis. †≥1 episode of flue/serious cold, throat 
infection or otitis media. ‡≥1epsiode of bronchitis, bronchiolitis or pneumonia. §adjusted for maternal education, 
smoking at home, siblings and child care attendance.

Table 2. doctor-diagnosed allergic disease

Glutamine (n=37) control (n=40) analysis or 95% ci p*

atopic dermatitis† 2/37 (5%) 8/40 (20%)
crude 0.23 0.05-1.16 0.08

adjustedii 0.13 0.02-0.96 0.05

milk protein 
allergy‡ 0/37 (0%) 2/40 (5%)

bronchial 
hyperreactivity§ 5/37 (14%) 13/40 (33%)

crude 0.33 0.1-1.03 0.06

adjustedii 0.36 0.10-1.25 0.11

data are number (%). or= odds ratio; ci= confidence interval. the incidence of milk protein allergy 
did not allow statistical analysis. *logistic regression analysis. †skin rash on ≥1 typical location: flexural 
sites (ankle, knee and elbow ) or around eyes and ears. ‡doctor-diagnosed. §≥3 of the following doctor-
diagnosed symptoms: dyspnea, wheezing, humming/sawing breath sounds or nightly dry cough without 
a cold. iiadjusted for maternal education, parental history of atopy, smoking and pets at home.
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in the glutamine-supplemented group.5 several epidemiological studies have shown that 

infectious disease early in life lead to decreased allergic disease later in life,75,76 although other 

studies could not confirm this finding.77-79 the association between infectious disease early in 

life and allergic disease later in life is subject of ongoing debate. time and type of the infections, 

genetic and environmental factors appear to be important determinants of the effect of early 

infectious disease on the risk of allergic disease later in life.35 in this study, we excluded the 

effect of the lower neonatal infection rate in the glutamine-supplemented group on the inci-

dence of allergic disease in the first year of life by logistic regression analysis (data not shown). 

we hypothesized that the lower incidence of serious neonatal infections in the glutamine-

supplemented group could be the result of improved th1 cytokine responses. improved th1 

cytokine responses may also enhance the resistance against infectious disease later in life. 

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

infants does not decrease the incidence of infectious disease during the first year of life. as 

infectious disease principally included respiratory tract infections, respiratory status following 

neonatal respiratory problems and ventilator support were probably more important for the 

incidence of infectious disease during the first year of life. 

some aspects of our study design need to be addressed. firstly, as the sample size calculation of 

the study was based on the primary outcome of the main trial,2 the sample size of the follow-up 

study was relatively small. nevertheless, the response rate of 86% contributed to the reliability 

of the results. secondly, parental report of disease by questionnaire may be subject of reporting 

bias. in particular, the difference between respiratory tract infections and bronchial hyperreac-

tivity may be difficult. therefore, we analyzed doctor-diagnosed symptoms and conditions in 

validated questionnares.71,72 in addition, for the diagnosis of atopic dermatitis and bronchial 

hyperreactivity a combination of doctor-diagnosed symptoms was required. finally, our study 

provided epidemiological data and did not provide data on underlying pathophysiological 

processes. studies on cytokine responses and intestinal microflora following glutamine supple-

mentation in vlbw infants may elucidate these processes.

in conclusion, this is the first study into the long-term effects of glutamine supplementation in 

vlbw infants. our study indicates that glutamine-enriched enteral nutrition in vlbw infants 

between day 3 and 30 of life decreases the incidence of atopic dermatitis during the first year 

of life, whereas no effect on the incidence of bronchial hyperreactivity is found. although 

glutamine-enriched enteral nutrition leads to a lower rate of serious neonatal infections, there 

is no effect on the incidence of infectious disease during the first year of life. further follow-up 

study of this well-defined cohort of vlbw infants with respect to the incidence of allergic and 

infectious diseases may contribute to better understanding of the maturation of the immune 

response and the role of glutamine supplementation in this process.




