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ABSTRACT 

NUTRITIONAL STATUS AND BRONCHOPULMONARY DYSPLASIA 

The present study was perfonned to determine whether 
ongoing oxidative stress in sorne BPD infants contributes te 
their increased energy expenditure leading to growth failure. 
The study consisted cf two parts. The first is a descriptive 
cpnsus of BPD infants (n=38) followed at the outpatient 
clinics at Tr.e Montreal Children's Hospital (MCH). The second 
is a cross-sect ;_onal study of fifteen patients wherein 
anthropometric parameters, energy intake, and oxidative stress 
measures (red cell glutathione (GSH) and ~lasma 
malondialdehyde (MDA)) were assessed. Nlne lnfants wi th 
growth failure were compared to six thri ving infants with 
respect to their nutritional and oxidative stress status. 
Growth failure wa~ defined as weight for age and weight for 
height for age leS3 than the tenth percentile (z score ~ -1) . 
Results revealed that the prevalence of growth failure in the 
BPD infants foll OVv,~\d at MCH ranged betwe:m 45% and 55%. The 
mean (± SD) energy lntakes for thriving and failing to thrive 
infants expressed c'3 a percent of the recommended nutrient 
intake were 104 :t 46% and 133 ± 35% respectively. Six 
infants had reduced mean (± SD) blood glutathione per 
hemoglobin ( 3.63 ± (j.37 umol/g) compared to adult controls 
(6.57 ± 1. 04 umol/g 1. Four of the six infants had growth 
failure while two wele thriving. Fourteen infants including 
aIl failing to thrive 7_nfants had elevated mean (± SD) plasma 
MDA levels compared to adul t controls (129 ± 48 vs 55 ± 3 
nmol/l). Differences l~n oxidative stress markers were not 
observed between the t'ro groups. These results suggest that 
growth félilure is associated with an increase in caloric 
consumption and not with a decrease in caloric intake. The 
preliminary findings on oxidative stress markers suggest a 
depletion of the GSH antioxidant in sorne infants and marked 
lipid peroxidation in the BPD population . 
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RÉSUMÉ 

ÉTAT NUTRITIONNEL ET DYSPLASIE BRONCHOPULMONAIRE 

Cette étude a été réalisée pour déterminer Sl le stress 
oxydatif chez certains bébés atteints de dysplasie 
bronchopulmonaire (DBP) contribue à la dépense d'énergie plus 
grande observée et entraînerait un retard de croissance. Cet te 
étude était di visée en deux parties. La premlèr-e ét LÜ t un 
recensement descriptif des bébés atteints de DBP (n == JB) 
traités aux cliniques externes de L'Hôpital de Montré~l ~OUl 
Enfants (HME). La deuxième étalt une étude clinique 
transversale menée auprès de 15 patients et au cours de 
laquelle ont été évalués les mesures anthropométriques, 
l'apport énergétique et les paramètres du stress oxydêl.ti [ 
(gluthation érythrocytaire (GSH) et malondialdéhyde plasmatique 
(MDA) ). Neuf bébés présentant un retard de croissance et six 
bébés dont la croissance était normale ont été comparés sur les 
plans de l'état nutritlonnel et du stress oxydatif. Le retard 
de croissance était défini par une masse corpo!. elle (Mr::) en 
fonction de l'âge et une MC en fonction de la taille et de 
l'âge inférieures au dixième percentile (cote z $ -1). Les 
résultats montrent que la prévalence d'un retard de crojssance 
chez les bébés atteints de DBP suivis à l'HME était entre 45% 
et 55%. Dans le cas des enfants de croissance normale et de 
ceux présentant un retard de croissance, les valeurs de 
l'apport énergétique moyen (± écart-type de la moyenne), 
exprimé en pourcentage de l'apport nutritif recommandé, ont été 
de 104 ± 46% et de 133 ± 35%, respectivement. Six bébés 
présentaient une concentration moyenne (± É-T) de gluthation 
sanguin par hémoglobine (3. 63 ± 0.37 J.Unol / g) par rapport aux 
adultes-témoins (6.57 ± 1.04 ~mol/g). Quatre de ces six bébés 
présentaient un retard de croissance et deux, une crOlssance 
normale. Quatorze bébés, y compris tous les bébés touchés par 
un retard de croissance, présentaient des concentratlons 
moyennes (± É-T) élevées de MDA plasmatique par rapport aux 
adultes-témoins (129 ± 48 vs 55 ± 3 nmol/L). Aucune différence 
n'a été observée ent re les deux groupes sur le plan des 
marqueurs de stress oxydatif. Ces résultats suggèrent que le 
retard de croissance est associé à une augmentatlon de la 
consommation de calories et non à une diminution de l'apport 
calorique. Les résultats préliminaires SUI:- les marqueurs de 
stress oxydatif suggèrent une carence en antioxydant GSH chez 
certains bébés et une peroxydation importante des lipides dans 
la population de bébés atteints de DBP. 
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SECTION ONE INTRODUCTION 

Bronchopulmonary dysplaEia CSPO) is a common sequela for 

infants born prematurely with respiratory distress syndrome 

treated with sUfplemental oxygen and mechanically L\ssistctl 

ventilation. with the increasing number of preterm infants 

surviving mechanical ventilation, BPO has become one of the 

most common sequalae of neonatal intensive care (Bancalari et 

al, 1986). It aceounts for the prolonged hospitalization of 

10% to 20% of infants who survive meehanieal ventilatory 

support (Goetzman, 1986). 

Growth failure is a major problem in infants with BPO but 

the cause is unelear. Growth failure has been associated with 

deereased calorie intake and an increased energy expenditure. 

The cause for the elevated metabolic rates in infants with BPD 

remains to be determined. 

Because premature infants are born with Inadequate 

nutrient stores and an immature pulmonary antioxidant defense 

system in the eontext of inereased oxidant damage, these 

infants may be at risk for ongoing oxidative stress. Oxidative 

stress oeeurs as a result of an imbalanee between the 

proteetive activities of antioxidants and the toxiei ty of 

oxidants. Oxidative stress in turn may be associated with 

energy expenditure as the cellular and molecular damage caused 
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by oxidative st.ress must be repaired. The cost of the repair 

process may SUggE~st a role for oxidative stress in the 

increase in energy expenditure seen in BPD. 

The present study is undertaken to examine the 

association between oxidative stress, energy expenditure and 

growth failure. The objectives of the study are threefold. 

Firstly, to determine the prevalence of growth failure in 

infants with BPD followed at the Montreal Children's Hospital. 

Secondly, to examine whether growth failure is associated with 

decreased energy intake and/or increased energy expenditure. 

Thirdly, to determine whether oxidative stress exists in the 

BPD population and to examine whether differences in oxidati ve 

stress exist between thriving and non thriving BPD infants . 
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SECTION TWO LITERATURE REVIEW 

A. Bronchopu1monary Dysp1asia 

Bronchopulmonary dysplasia is an iatrogenic chronic lung 

disease occurring largely in premature infants treated with 

mechanical ventilation after respiratory distress syndrome. It 

is clinically characterized by tachypnea, dyspnea, hypoxemia, 

hypercarbia, and accasionally, signs of pulmonary hypertension 

with cor pulmonale (Monin and Vert, 1987). 

Because of the increased survival of extremely premature 

infants, the incidence of BPD is rising (Manin and Vert, 

1987). This finding was recently confirmed by Parker et al. 

(1992) who reported an increase in the Incidence of BPD from 

10.6% in 1976 through 1980, to 21.7% (1981 through 1985), and 

to 32.9% from 1986 through 1990 in very low birth weight 

neonates defined as infants weighing less than or equal to 

1500g at birth. parallel to this increase, a decline in the 

incidence of neonatal deaths was observed during the same 

periods (26.4%, 18.3%, and 15.9%, respectively). BPD has 

become the most common form of chronic lung disease in infancy 

(Northway, 1990). 

The incidence of BPD appears to be inversely related to 

birth weight and gestational age (Bancalari, 1988). It is 
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estimated that 40 to 70 % of infants weighing less than 1000g 

at birth and require respiratory support, develop BPD (Bergman 

and Farrell, 1992). Although medical advances have improved 

the surviva1 rate of infants with chronic neonata1 1ung 

disease, these infants are nevertheless at severely high risk 

during the first years of life, with a 40 % morta1ity rate 

during the first year of life (O'Brodovich and Mellins, 1985). 

BPD accounts for a major proportion of the physical, financial 

and emotional morbidity in survivors of neonatal intensive 

care due to pro1onged hospita1ization, frequent need for home 

oxygen administration and repeat hospitalization (Sinkin and 

Phelps, 1987) . 

BPD is usually diagnosed in infants who have been 

ventilated during the first days of life, and who have 

developed radio1ogical abnormalities of the lungs and still 

need respiratory support (supp1ementary oxygen treatment 

and/or mechanical ventilation) at 28 days postnatal age 

(Bancalari, 1986). Blood gases usually show hypercapnia and 

hypoxemia. Minute ventilation is elevated secondary to higher 

respiratory rate. These infants have increased airway 

resistance which is present early in the course of respiratory 

distress syndrome (Burchfie1d et al, 1993). 

Four principal factors have been identified in the 

pathogenesis of BPD: a) premature birth b) early respiratory 
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failure requiring ventilation c) oxygen toxicity and d) 

barotrauma (Northway, 1990). 

Premature birth is associated with pulmonary immaturity, 

lack of surfactant, and inadequate respiratory drive all of 

which lead to respiratory failure. The latter is critical in 

the pathogenesis as it requires treatment with supplemental 

oxygen and mechanical ventilation. It is the interaction of 

the concentration and duration of supplemental oxygen and the 

pulmonary immaturity that determines in part the development 

of BPD. positive pressure ventilation plays an important role 

in the pathogenesis because it allows the delivery of 

supplemental oxygen and injures the lung by barotrauma (trauma 

associated with mechanical ventilation) (Northway, 1990). 

Thus, the combined effect of high oxygen concentrations and 

barotrauma damage the small airways and cells lining the 

alveoli. This causes increased capillary permeability and 

leakage of plasma proteins and fluid into the alveoli and 

interstitium. Consequently, any surfactant that is present is 

inactivated (Foster, 1989). 

A number of factors that prolong artificial ventilation 

and supplemental oxygen therapy contribute to the severity of 

BPD such as pulmonary edema (due to patent ductus arteriosus, 

cor pulmonale, congestive heart failure, and fluid overload), 

pulmonary air leak (due to interstitial emphysema and 
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pneumothorax) and pulmonary infection (Northway, 1990). 

Frank and Sosenko (1988) hypothE~sized that undernutri tian 

is a major contributing factor in the pathogenesis of BPD. 

Undernutrition can compromise the ability to resist hyperoxia, 

barotrauma, and infections, limit the capacity to repair 

ongoing lung injury and prevent normal growth. 

B. Growth Failure 

In broadest terms, growth failure refers to infants and 

children who fail to gain weight and grow at the expected rate 

for their age and sex (Frank and Zeisel, 1988). Although it 

has been agreed that failure to thrive (FTT) should be 

diagnosed on the basis of anthropometric criteria, there are 

no universally accepted criteria for both clinical and 

research purposes (Frank and Zeisel, 1988). Two types of 

criteria have been used in the literature: a) growth velocity 

for both weight and height below standard and b) attained 

growth at a single point in time below a specified percentile 

on the growth chart (Frank and Zeisel, 1988). A definition of 

FTT basad on the former requires a decrease in growth velocity 

of two or more major percentile categories over three months 

(Peterson et al, 1984). Published velocity criteria have 

differed in the period for which a low rate of weight gain is 

. 
l' 
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considered as FTT. They have varied from 10 or more days to 56 

days for children under 5 months of age or 90 days for 

children over 5 months of age. The definition of FTT based on 

attained growth at a single point in tirne expresses the weight 

and height and weight for height relative to standdrd norrns to 

identify the chronicity of growth failure. These definitions 

have also varied arnong researchers and clinicians. Failure to 

thrive has been defined as a weight persistently below the 

third percentile (Berwick, l~HU) or fifth percentile for age 

(Bithoney et al, 1992), or weight less than 80% of ideal 

weight for age (Berwick, 1980). Goldbloom (1982) found it 

insufficient to label a child below the third percentile for 

weight as failing to thrive and instead suggested that weight 

and length values be extrapolated horizontally to the 50th 

percentile line on the growth chart. The latter would define 

the infant's height age and weight age offeri~g an insight on 

the weightjheight relationship. This method allows for the 

determination of weight as a percent of ideal weight for 

actual height for age which in turn defines the severity of 

protein-energy malnutr i tion using the standards of McLaren and 

Reed. Bithony and Rathburn (1983) reported that weight for 

height measurement is the key in the evaluation of FTT and 

that a weight for height value less than the 5th percentile 

indicates nutritional deficiency . 

One way of expressing the attained anthropornetric value 



• 

• 

• 

8 

at a certain point in time is using the z score. The z score 

shows how far anthropometric measures lie from the median of 

the National Center for Health 8tatistics percentiles (NCHS), 

expressed in standard deviation units. Z scores eliminate the 

age bias inherent in percent of median malnutrition criteria 

where the latter express individual measurements as a 

percentage of fiftieth percentile values in the reference 

population. At different ages, a given percent age of median 

does not correspond to the same proportion of standard 

deviation from the median. with increasing age, a static 

percent of median corresponds to a progressi vely greater 

deviation than the median (Peterson et al, 1984). Percentage 

of median is thus an age-biased approximation of standard 

deviation from the median. In contrast, z scores of different 

aged children can be pooled without incurring an age bias. It 

has been concluded that z scores provide the most accurate 

technique for classifying growth deficits for research 

purposes (Peterson et al, 1984). using z scores, FTT has been 

defined as weight more than 2 standard deviations below the 

median (Z=-2) of a normal population or weight less than the 

fifth percentile (z= -1. 96) (Peterson et al, 1984) . 

Alternatively, the World Health Organization (1983) suggested 

a outoff of 1 standard deviation (80) below the median (Z=-l) 

or a multiple of this 80 ( -1.5, -2 ) be used to define growth 

failure . 
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a) Growth Failure in Infants with BPD: 

Data from a number of studies, in addition to clinica1 

experience, reveal that a significant number of BPD infants 

fail to thrive. Markstead and Fitzhardinge (1981) found that 

in their population of 20 infants with BPO, the average weight 

and height at 40 weeks postcanception were at or be10w the 

third percenti1e. At 2 years' postterm, the mean weight 

reached the third ta tenth percenti1e for bath sexes. Brown 

(1993) reported that 45% of 33 BPD survivars were growth 

retarded and estimated that in general only about 7% of 

survivors are at or above the 50% percentile in height and 

wecdght at 2 years of age. Yu and coworkers (1983) reported 

that the mean weight of 16 infants with BPD at 2 years of age 

was at the tenth percentile, the mean height at the lO-25th 

percentile and the mean head circurnference at the 50th 

percentile suggesting growth f.ailure of weight and height 

developrnent compared to head circurnference. 

The growth failure in BPD has been attributed by sorne to 

to the severity of the neonatal course BPD per se, and by 

others 1 to BPD per se. Vohr et al. (1982) 10und that a 

significant nurnber of BPD infants were below the third 

percentile at 4 and 12 months compared to preterm infants who 

did not have BPO. Meisels and coworkers (1986) cornpared the 

growth outcome at 2 years between preterm infants who had had 

a 
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respiratory distress syndrome (ROS) but did not develop BPO to 

infants who had developed BPO. Similiar to the physical growth 

f indings of Markstead and Fitzhardinge, 67% of the infants 

with BPD had weights below the tenth percentile in the second 

year of lite as opposed to 35% of infants with ROS alonej 53% 

of infants with BPD had their lengths below the tenth 

percenti le versus only 25% of ROS infants. These f indings 

suggest that BPD and not just prematurity confers sorne growth 

failure. Davidson et al. (1990) studied the growth outcome of 

71 ventilated very low birth weight infants with (n=30) and 

without (n=41) BPO. Male and female infants without BPO had 

better growth outcomes than those wi th BPO. Female infants 

w i thout BPO had their mean weight at both 12 and 21 months of 

life (corrected age) above the tenth percentile while BPD 

females 

without 

remained below the tenth percentile. Male infants 

BPO had greater weight é\nd length measurements 

compared to BPD infants but the difference did not reach 

statistical significance. Recently, Bilbrey and coworkers 

(1993) evaluated the growth of infants with mild, moderate, 

and severe BPD. Using one way analysis of variance, the height 

percentile was the only anthropometric variable that differed 

across the groups with lower values found in the severe group. 

The authors concluded that linear growth delay is related to 

disease severity . 

These tindinqs clearly demonstrate that infants wi th BPD 
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have growth delays in the first years of life and these appear 

to be due ta BPD and not simply premature birth. 

b) Significance of Growth Failure in BPD: 

Growth failure in BPD has been suggested to resul t in 

dual consequences: slower recovery from pulmonary disease and 

compromised developmental outcome (Niermeyer, 1988). optimal 

growth of infants with BPD is desirable so that new lung will 

develop normally in order to reduce the dependence of these 

infants on respiratory support (Kalhan, 1990). 

Markstead and Fizhardinge (1981) associated growth 

retardation (height < third percentile) with prolonged 

respiratory dysfunction. Georgieff et al. (1989) observed that 

infants who continued to be small at 12 months corrected age 

(chronological age - number of weeks of prematurity based on 

40 weeks gestation) had more neurological abnormalities at 4 

months and had poorer developmental status at 12 months. Hack 

et al. (1984) has shown that po or catch-up growth .i n VLBW 

infants is associated with severity of neonatal complications, 

poor head growth, and chronic physical dnd neurologie outcome. 

Whether growth retardation is the cause or simply a 

concomitant complication of disease severity is not elear from 

these studies. However, Ross et al. (1983) found that infants 

with good neurobehavioral outcome (defined by a mean Bayley 
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score greater or equal to 85) had a significantly larger head 

circumference than infants with poor neurobehavioral out come 

from 3 months postterm throughout the first year (p<O.05) 1 

suggesting that growth parameters might be an important 

predictor of later development. Similiar differences were 

noted for length and weight from 3 months postterm throughout 

the first year (p<O.05). Hack and coworkers (1982) followed a 

sample of 192 very low birth weight infants up to 8 months and 

observed that appropriate for gestational age (AGA) defined as 

birth weight less than the 10~ percentile for gestational age 

and small for gestational age (SGA) infants defined as birth 

weight between the 10~ and 90~ percentile for gestational age 

who failed to thrive during infancy or failed to catch-up in 

weight by 8 months had lower mean Bayley developmental 

quotients (p<o. 005), smaller head circumferences (p<o. 005) and 

a high rate of neurosensory impairment than AGA infants with 

normal postnatal growth. Gross et al. (1974) considered 

occipital-frontal circumference percentile at birth and head 

growth by 6 wl:!eks as strong predictors of early developmental 

outcome in VLBW infants. 

These findinqs suqqest that early qrowth attainment is an 

important predictor of later developmental outcome. If qrowth 

failure does neqatively impact on developmental outcome as has 

been suqqested (Georgieff, 1989) , then it is essential to 

beqin to understand the causes of qrowth failure in order to 
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alleviate this problem and attempt to achieve better outcomes. 

c) Etiology of Growth Failure: 

Severai hypotheses have been proposed to explain the 

mechanisms contributing to the failure to thrive in infants 

wi th BPD. These include chronic hypoxia, emotionai depr i va tien 

from prolonged hospitalisation (YU et al, 1983), heart 

failure, poor gastrointestinal absorption (Vohr et al, 1982; 

Oh, 1986), high energy expenditure, and inadequate calorie 

intake due to anorexia, respiratory distress or iatrogenie 

limitation of fluids (Vohr et al, 1982; Oh, 1986) . 

Yeh and coworkers (1989) reported signif icantly lower 

energy intake (p<O. 01) in infants with BPD compared t) 

controis matched for birth-weight, gestational age and 

postnatal age. Weight gain was significantly less in BPD 

infants than in controls (p<O. 05). The authors attr ibuted 

growth failure to inadequate energy intake. The fincting ot a 

lowered energy intake in BPD infants in this study is 

consistent with results of Wilson and colleagues (1991) who 

observed significantly lower energy intakes from day 7 to dùy 

56 in infants wi th BPD compared to infants matched for 

gestational age but without BPD. Kurzner et al. (1988) 

compared energy intake in thriving anà non thriving BPD 

a 
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infants. Growth failure was defined as weight and length less 

than the tenth percentile of the Babson growth curve. No 

statistically significant difference in total energy, protein 

or fat intake was observed between BPD infants with normal 

growth and those with growth failure, indicating that growth 

failure in this study was not associated \"rith poor nutritional 

intake. 

with the availability of indirect calorimetry, 

rneasurernents of resting energy expenditure (REE) have been 

performed in BPD infants. To date, six groups of investigators 

have reported an increase in resting energy expendi ture in BPD 

infants . 

Yeh and co-workers (1989) reported 33% higher total 

energy expenditure in 5 BPD infants receiving oxygen when 

compared to five non BPD infants matched for birth weight, 

gestational age and postnatal age. Earlier data from Weinstein 

and Oh (1981) were aiso consistent with the findings of Yeh 

and collegues, reporting a 25% increase in resting oxygen 

consumption (V02) , a rneasure of energy expenditure, in 8 BPD 

infants receiving supplernental oxygen at more than 4 weeks of 

age when compared to seven infants who had no major medical 

problems at the time of the study. Infants were matched for 

gestational age, postnatal age and birth weight. These 

investigators postulated that the increase in work of 
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breathing was responsible for the increase in l'estincJ VO,. 

Kurzner et al. (19B8a) compal'ed l'est ing VOl bctwccn 

thirteen infants with BPD and twelve healthy terrn infants. The 

BPD group was comprised of seven infants who were falling to 

thrive and six thriving infants. Seven infants of the control 

group were size matched to the BPD infants with growth failure 

while five controls were age matched to thriving BPD infants. 

Results revealed that v02 in BPD infants with growth failure 

was markedly elevated compared to thriving BPD infants and 

healthy term infants. In a subsequent study, the sarne authors 

compared pulmonary function between BPD infants with growth 

failure and normally growing BPD infants (Kurzner et. al, 

19BBb). There was no statistically significant diffel'ence 

between the two groups with respect to work of breathing and 

respiratory ratei however, dynamic compliance (distensibility 

of lungs) was significantly lower in the group with growth 

failure. The authol's concluded that wol'k of bl'eathing and 

pulmonary rnechanics may explain sorne but not aIl of the 

increase in resting energy expenditure seen in BPD. 

In order to determine whether an increased V02 in infants 

with BPD is caused by increased work of breathing, Kao and 

coworkers (19BB) conducted a double-blind cross ovel' study of 

sixteen infants with BPD treated with theophylline, a 

bronchodilator and/or diuretics. Results revealed that infants 

& 
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in the placebo group had elevated V02 (7.65 ml/kg/min), 

increased airway resistance and increased mechanical power of 

breathing (work of breathing * respiratory rate) compared to 

reported control data (Kurzner et al, 1988b; Kao et al, 1983; 

Thibeault et al, 1966). Treatment with theophlline, diuretics, 

or theophylline plus diuretics resulted in a significant 

improvement in pulmonary mechanics and mechanical power of 

breathing but no improvement in VOl" The authors contested the 

role of work of breathing as the cause of increased V02 and 

suggested that factors such as inflammation and repair 

processes in the lungs may be responsible for the elevated 

V02 • 

Gamarra (1992) recently compared total energy expenditure 

(EE) in five premature newborns with BPD to that of six 

infants who had recovered from respiratory distress syndrome. 

The postnatal ages of the BPD and control group were 105 ± 45 

and 31 ± 6 days respectively. The BPD group had significantly 

higher mean V02 (10.15 vs 8.04 ml/Kg/min p< 0.01), mean VC02 

(p<0.02) and mean EE (76 vs 61 Kcal/kg/ day p<0.02) compared 

to the non BPD group. The highest values were encountered in 

the most severely ill infants. Interestingly, the EE reported 

in this study is identical ta that reported by '{eh et al. 

(1989) . 

When comparing resting energy expenditure (REE) between 
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BPD infants and controls, authors have expressed REE relative 

to body size. While it is necessary to norrnalize the data to 

an index of body size, REE should ideally be expressed in 

terms of fat free rnass. This is because whole body rates of 

REE depend on the rnetabolically active body rnass, specifically 

fat free rnass. In the clinical setting, fat free rnass may be 

measured by bioelectric irnpedence in adults; however it has 

not been widely used nor validated in infants. While 

normalizing REE data to body weight rnay overestimate REE or 

V02 in infants with BPD and growth failure, when REE in BPD 

infants with growth failure was compared to controls matched 

for body weight in Kurzner' s study, REE was still 

significantly increased in BPD . 

In light of the above, growth failure in infants with BPD 

does appear to be related to an increase in resting energy 

expenditure; however, the cause of the latter is still 

unclear. If work of breathing cannot fully account for the 

increased REE, then to what can this increase be attributed ? 

c. Oxidative stress 

a) Free Radieals and Oxidant Damaqe: 

Toxic oxygen free radicals have been implicated as important 

pathogenic mediators in many clinical disorders (Cross, 1987). 

a 
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A free radical is any species that contains one or more 

unpaired electrons (Machilin and Bendich, 1987). Free radicals 

can originate endogenously frorn normal rnetabolic reactions cr 

exogeno~sly as components of tobacco srnoke, air pollutants, or 

from exposure to radiation and hyperoxic environments 

(Machilin and Bendich, 1987). Because of their unpaired 

electrons, free radicals are short-lived, very reactive and 

capable of reversibly or irreversibly darnaging organic 

compounds of aIl biochernical classes (Kneepkens et al, 1992). 

These include nucleic acids, proteins and free amino acids, 

lipids and lipoproteins, carbohydrates and connective tissue 

rnacromolecules (Cross, 1987). When free radicals interact with 

cellular constituents, they may lead to cell damage or cell 

death (Frank and Sosenko, 1987). 

The formation of highly reacti ve oxygen containing 

rnolecules is a normal consequence of a variety of essential 

biochernical reactions in vivo and is occurring aIl the time 

(Wispe and Roberts, 1987). Under hyperoxic conditions, sorne of 

these reactive oxygen rnetabolites--superoxide radical (Oz-) , 

hydrogen peroxide (HzOz) , hydroxyl radical (OH), singlet oxygen 

e02) , and peroxide radical (ROO) are known to be produced 

intracellularly in excess amounts (Frank and Sosenko, 1987). 

Oxidant free radical damage can also develop from the release 

of free radicals at the tissue level by invadiug polymorpho-

nuclear leukocytes and macrophages involved in the 

:-
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inflammatory response and tissue repair (Sinkin and Phelps, 

1987) . 

b) Antioxidant Defense System: 

Most cells are equipped with a variety of antioxidant 

systems to protect them against the adverse effects of 

reactive oxygen species. The diversity of the defense 

mechanisms, ranging from low molecular weight compounds to 

complex enzyme networks, allows an efficient protection at the 

intercellular and subcellular level (Akerboom and Sies, 1989). 

Catalase, superoxide dismutase and the enzymes of the 

glutathione (GSH) redox cycle are the primary intracellular 

antioxidant enzyme defense mechanisms. Non enzyme antioxidant 

molecules include lipid soluble antiaxidants such as vitamin 

E and beta-carotene and water soluble antioxidants su ch as 

vitamin C, uric acid, and glutathione. Some molecules have a 

wide distribution (vitamin C, uric acid) while others are 

present in the lipid membranes of tissues (vitamin E and beta 

carotene) (Heffner and Repine, 1989). 

Although catalase and the GSH redox cycle have 

overlapping capacities for the reduction and elimination af 

intracellular H20V experimental and clinical evidence reveal 

that the GSH redox cycle is the most important antioxidant 

peroxidase system in mammalian species. Whereas catalase is 

2 
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largely confined to peroxisomes, enzymes of the GSH redox are 

distributed throughout the cytosol, increasing their 

availability a~d contact with oxidants. While catalase 

functions maximaIIy at high concentrations of hydrogen 

peroxide, glutathione peroxidase is an effective scavenger at 

low concentrations. In addition, glutathione peroxidase 

utilizes both lipid hydroperoxides and hydrogen peroxide as 

substrates (Heffner and Repine, 1989). 

Emphasis will be placed upon glutathione and it's role 

in the GSH redox cycle as the latter is a central mechanism 

for the reduction of intracellular hydroperoxides. Glutathione 

(GSH) is an antioxidant present intracellularly (Heffner and 

Repine, 1989). It is aiso present in large amounts in the 

epithelial lining fluid in the lung mainly in its reduced form 

in concentration 100 times that of plasma (Cantin, 1987). The 

alveolar space ~ecruits glutathione from the epitheIial lining 

fluid to provide antioxidant protection to lung parenchymal 

cells (Cantin, 1985). As an alveolar antioxidant, glutathione 

supplements the intracellular antioxidant system in preventing 

air-way borne oxidant in jury. This is of importance because 

the lungs have a large epithelial surface area suceptible ta 

oxidant-mediated attack (Heffner and Repine, 1989). with 

catalase and superoxide dismutase, glutathione prevents free 

radical chain reactions by decreasing available concentrations 

of free radicals to initiate the process (Heffner and Repine, 
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1989). Acting as a hydrogen donor, GSH contributes to the 

reduction of hydrogen peroxide and lipid peroxides to non 

reactive molecules (Akerboom and Sies, 1990). Reactions (1) 

and (2) are catalyzed by GSH peroxidase, a selenium-dependent 

enzyme that has an absolute requirement for glutathione as a 

substrate (Heffner and Repine, 1989): 

(1) 2GSH + H202 ----------------------> GSSG + H20 

GSH peroxidase 

(2) 2GSH + ROOH ----------------------> GSSG + ROH + H20 

Thus GSH plays a critical role in 

propagation of free radical reactions 

peroxidation (Akerboom and Sies, 1990). 

interrupting the 

leading to lipid 

During the course of these redox reactions, GSH is 

continuously oxidized to glutathione disulphide (GSSG) and 

rereduced by the enzymes GSH-peroxidase and GSH reductase 

respectively. GSH reductase which catalyzes the regeneration 

of reduced glutathione from oxidised glutathione uses 

nicotinamide adenine dinucleotide phosphate (NADPH) formed by 

the pentose phosphate pathway (Heffner and Repine, 1989; 

Akerboom and Sies, 1990). Non stressed cells maintain a high 

intracellular reducedjoxidised glutathione ratio to ensure the 

availability of reduced glutathione necessary for these 

antioxidant processes (Heffner and Repine, 1989). GSH redox 
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activ1ty 1s highest in erythrocytes and the liver with 

intermediate levels in the lung and heart (Heffner and Repine, 

1989). In isolated liver and l\1ngs, a variety 

stresses have been shown to activate the 

of oxidant 

glutathione 

peroxidase system in vivo rE1sulting in increased oxidized 

glutathione, release of oxidised glutathione (GSSG) into the 

eff luent and under condi tiol1s of severe oxidant stress, 

depletion of reduced gLutathione (GSH) (White, 1988). 

A number of stuèlies havl3 demonstrated lower selenium 

levels in premature than in term infants (Amin et al, 1980; 

Sluis et al, 199~). Selenium is an important dietary component 

of lung glutathione peroxidase. Amin and coworkers (1980) 

associated poor srrowth and seVE~re BPD with selenium deficiency 

in a small infant receiving prolonged parenteral nutrition. 

Lockitch et al. (1980) reported that baseline selenium 

concentration and glutathione peroxidase activity in plasma 

were significantly Iower in Low birth weight infants than in 

full term babies. Parenteral nutrition without supplemental 

selenium provided the majority of calories for aIl 16 infants 

during the first t~o weeks of life and for seven during the 

subsequent three weeks. Plasma selenium levels were found to 

decrease from basel ine leveis over the first 50 postnatal days 

in 16 sick low birth weight infants who were followed up to 6 

weeks because of Iung disease. Similar findings were observed 

by Sluis et al, (1992) who reported drarnatic decreases in 
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in premat.un~ 

infants remaining in the neonatal unit. It was observed t.hat 

of 12 infants with plasma selenium levels less than 0.19 ~mol 

per litre, eight were still requiring oxygen at 28 days and 

six had BPD. Falcigilia et al. (1988) also found severe 

selenium deficiency in eight patients who recovered from 

respiratory distress and 11 patients in whom BPD developed 

during the first month of life. Plasma selenium did not differ 

between the two groups; however, vitamin E levels were 

significantly lower in the BPD group compared to control at 3 

days of life ( 0.58 vs 1.29 mg/dl, p<0.05) and oral vitamin E 

administration failed to increase plasma vitamin E at J days 

in 'BPD group. These authors suggested that selenium def iciency 

whe.ther due to prematurity and low stores and/or dietary 

deficiency p,::>stnatally in sick infants impairs selenium 

dependent antioxidants and may lead to the increased 

requirement for the antioxidant, vitamin E. 

These studies point to the possible role of a deficiency 

in the antiolddant, selenium, in relation to GSH peroxidase 

deficiency in the development, enhancement of saverity, or 

prolongation of respiratory problems su ch as BPD. 

c) OxidativID stress in Premature Infants 

The lungs exist in an oxygen rich environment delicately 

< 



• 

• 

• 

24 

balanced between the toxicity of oxidants and the protective 

activitiE~s of several intracellular and extracellular 

antioxidant defense systems. When the critical balance 

between free radical generation and antioxidant defense is 

upset, oxidative stress accurs (Machilin and Bendich, 1987). 

Premature infants might be susceptible ta oxidati ve stress for 

a number of reasans. The following discussion will attempt to 

briefly elucidate the mechanisms that might predispose 

premature infants to oxidative stress. 

A number of the cell' s overall antioxidant defense 

systems, such as vitamin A, E, Cr beta carotene, sulfur 

containing amine acids and trace metals such as selenium, 

iron, copper, zinc are in low concentrations in the premature 

infant as the placental maternal to fetal passage of these 

factors is very limited before the third trimester (Frank, 

1992) . 

In addition, experimental studies from 4 different animal 

species have shown that antioxidant enzyme (AOE) acti vi ties 

were quite low until the final 15-20% of gestation (Frank and 

Sosenko, 1987). Marked increases in AOE occured up to 500% 

just prior to birth (Frank, 1992). It was also demonstrated 

that unlike full-term rabbi ts who showed consistent elevations 

in AOE activities when exposed to > 90% 02' premature rabbits 

failed to respond to hyperoxia by increased AOE levels (Frank 
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and Sosenko, 1991). Based on these findings, it was suggested 

that the pulmonary AOE defense system is not fully developed 

nor responsive to oxidative stress in the premature hum,\lj 

infant, compromising its ability to handle the relative 

hyperoxia of birth (Frank and Sosenko, 1987). Recent evidence 

has shown that unlike the animal models studied, the 

developmental pattern of the antioxidant enzyme catalase in 

the human lung increases throughout gestation (McElroy et al, 

1992) . In addition, the expression of copper-zinc and 

manganese superoxide dismutase in the human lung was 

demonstrated to be a c.:ontinuolls process throughout development 

and not a late gestational process as has been shm-m in anima l 

studies (strange et al, 1990). These findings are based on 

postmortem material and require cautious Interpretation. In 

contrast, Ripalda and coworkers (1989) descr ibed the 

developmental pattern of antioxidant defense mechanisms in 

erythrocytes from neonates with birth weight between 520 and 

4210gm and 12 healthy adults. Erythrocyte catalase activity 

and GSH-peroxidase activity were strongly correlated with 

increased birth weight and gestational age. Results indicated 

that most of the changes in the antioxidant activity were 

detectable from about 31 ta 34 weeks gestation equivalent te 

a fetal weight of approximately 1500-2000g. 

Hence, the premature infant's preparedness for 

independent respiratory function, already affected by the 

a 
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limited or absent secretion of surfactant, may be further 

compromised by the underdeveloped antioxidant enzyme system in 

the immature Iung and erythrocyte, and by limited antioxidant 

vitamins and trace metals (Frank and Sosenko, 1987). 

At birth, the lungs are suddenly exposed to substantially 

highC'r oxygen tensions than in utero and the infant must 

rapidly adapt to this sudden increase in pulmonary oxygen 

tension (Wispe and Roberts, 1987). This relative hyperoxia of 

birth is frequently compounded by the exposure to higher 

oxygen concentrations as part of the required treatment of 

respiratory distress syndrome of prematurity. The more 

premature the newborn, the more immature the antioxidant 

enzyme catalase, and yet the more likely the infant will 

receive high 02 support ive therapy (Frank and Sosenko, 1988). 

Summing UP, premature infants are highly suceptible to 

oxidati ve stress as a result of the insufficient stores of 

nutrients needed for effective antioxidant lung defenses, the 

undeveloped antioxidant enzymes, and the simui taneous increase 

in reactive 02 metabolites resulting from high oxygen therapy. 

Ongoing damage, inf lammation, and repair may further 

contribute to oxidant in jury , depletion of antioxidant 

defenses and perpetua te oxidative stress . 
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d) Evidence of Oxidative stress in Premature Infants and 

Infants with BPD: 

2/ 

Pitkanen and coworkers (1990) measured oxidative stress 

in 19 very low birth weight infants with respiratory distross 

syndrome by quantifying ethane and pentane in expircd dir 

during the first 5 days postnatally. Ethane and pentane are 

degradation products of l ipid peroxidation, the resul t of 

oxygen free radical damage to the phospholipids of cellular 

and subcellular membranes. They found that infants who later 

developed BPD or who subsequently died, exhaled significantly 

more lipid peroxidation products in the first 5 days 

postnatally, than those who subsequently had no serious 

neonatal complications and who developed normally during the 

first year of life. Kuivalein et al. (1991) obtained similar 

findings in 24 premature infants; expired ethane and pentane 

increased significantly 5 and 3 fold, respectively, to a 

maximum at 5-6 days of age (p<O.001). 

In vivo, lipid peroxidation may be studied through the 

resul ting degradation products - conjugated dienes, l ipid 

hydroperoxides, aldehydes and volatile hydrocarbons (Kneepkens 

et al, 1992). Considerable attention has been given to 

aldehydes because of their relatively greater lifetime than 

the highly reactive radicals. As a result, reactive aldehydes 

can diffuse over larger distances in the cell and can attack 
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tdrgets which are nct directly in the proxirnity of the 

orjgil,ùl site of free radical production. Moreover, aldehydes 

drc dctected in biological sarnples rn0re easily than t~e 

initially formed radicals offering a more suitable index of 

lipid peroxidation (Hageman et al, 1992). 

Of the aldehydes forrned as secondary products of lipid 

peroxidation, malondialdehyde (MOA) i9 the single rnost 

abundant peroxictation product of polyunsaturated fatty acids 

(PUFA), notably of PUFA of more than 2 double bonds (Esterbaub 

and Cheesernan, 1990). Because of its reactivity, MOA rarely 

remains free in biological samples, but rather, is often found 

in covalently bound forms. It has been widely used as an index 

of lipid peroxidation and has been measured in both urine and 

blood (Draper and Hadley, 1990; Bird and Draper, 1984). 

In order to determine the relntionship of urinary MDA in 

preterm neonates with different rnodalities of oxygen supply 

and related clinical problems, Schlenzig and coworkers (1993) 

measured urinary MOA in 45 preterm neonates (25-35 weeks' 

gestation) during the first month of life. A significantly 

higher MDA concentration was found in infants with BPO 

cornpared to those without (p< 0.005). In addition, MDA 

concentration correlated slightly but significantly with the 

fraction of inspired oxygen (r=0.22, p<0.02) . 
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Several precautions must be tilken into ùCColint \lJhl~n 

measur ing ur inary MDA. First, d ietary e f fcets ShOlild hl' 

precluded as rats fed \Vith different filtty ,lcids shmvt'd 

remarkable changes in ur inary MDA. Second, on l y il III i nor 

fraction of MDA formed in vivo is excreted in urine duC' ta 

hepatic metabolism or to a poor capacity of the kidneys to 

excrete extrarenally produced MDA. Third, MnA is highly 

reactive and is not very stable in biological samples. Fourth, 

MDA in urine is mainly bound to other compounds making it hart! 

to estimate the precise orig in of MDA when ac idic 

derivatization methods are used (Hageman et al,1992) . 

Recently, Grigg et al. (1993) found lower concentration 

of glutathione in bronchoalveolar lavage fluid in the first 

day of life in seven infants who subsequently developed 

chronic lung disease compared \Vi th 27 infants who did not 

require supplemental oxygen at 36 \Veeks postconceptional 

(p=O.003). All infants in this study had a gestational age 

less than 35 weeks. 

glutathione in the 

It was suggested that a def iciency of 

lung epithelial fluid may predispose 

premature infants to lung in jury. 

These results indicate that, in premature infants, free 

radical activity and it' s consequences increase during the 

first postnatal days and May be associated with in jury to 

tissues and the development of BPD. 
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While these data are suggestive of an early role for 

oxidative stress in the pathogenesis of BPD, no data on 

oxidative stress in infants beyond the first weeks/months of 

life are available. Little work has addressed oxidant defense 

and ongoing oxidative stress in the older infant with BPD and 

no data have examined the possible role of oxidative stress in 

growth failure and it's relatiol". to energy expenditure in 

these infants with BPD. 

Cellular and molecular damage caused by oxidative stress 

must be repaired. In addition, ongoing lung in jury, cell 

damage and inflammation may impair energy utilization. Thus, 

the cost of the repair process plus inefficient utilization 

may suggest a role for oxidative stress in the increase in 

energy expenditure seen in BPD. The preli.minary data of Bounos 

and colleagues (1993) seem to support this contention. After 

supplernenting the diet of 3 HIV seropositive individuals with 

whey prote in rich in glutamylcysteine dipeptide groups 

promo"ing glutathione activity, an increase in glutathione 

content of the blood mononuc] ear cells was observed. In 

addition, an increase in body weight was documented which 

could not be explained by increased energy or protein intake. 

Although energy expenditure (EE) was not rneasured in this 

study, it has been shown that resting EE is elevated in HIV 

seropositive individuals compared to controls (Hommes et al, 
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1991). If weight gain was achieved by augmenting glutathione 

without increasing energy intake, then energy expenditure must 

have been decreased. It is possible that a decrease in EE was 

associated with a decrease in oxidative stress as glutathione 

levels improved and this, therefore led ta an improvement in 

weight gain . 

9 
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SECTION THREE HYPOTHESIS and OBJECTIVES 

The following hypothesis is proposed: 

ongoinq oxidative stress in some BPD infants contributes to 

their increased enerqy expenditure and this leads to qrowth 

failure. 

The objectives of this study are threefold: 

1. To determine the prevalence of growth failure in BPD 
-

infants followed at the Montreal Children's Hospital 

• 2. To establish whether growth failure is due to increased 

energy expenditure and/or decreased energy intake. 

3. To determine whether ongoing oxidative stress exists in BPD 

infants and whether there is a difference between normally 

growing BPD infants and BPD infants with growth failure . 

• 
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SECTION FOUR RESEARCH METHODS 

A. Study Design 

The study consisted of two parts: the first i5 a clinic 

census of all BPD infants who were followed in the out patient 

clinics at the Montreal Children's Hospital during the summer 

of 1993. criteria for enrolment in the clinic at the time of 

discharge from the nospital included a requirement for home 

oxygen at 40 weeks post conceptual age. Hence, these infants 

had severe BPD at the time of referral ta clinic. However, 

these criteria were not necessarily present at the time of 

study. In the second part, patients in a sample of this 

population were enrolled between August 1993 and January 1994 

for the evaluation of their nutritional and oxidative stress 

status. 

B. study population 

a) Selection criteria and Recruitment 

For the clinic census, aIl charts of children with BPD 

less than four years of age were reviewed. For the sampIe, 

the study population consisted of BPD infants of willing 

parents between the ages of 3 and 38 months corrected age 

z 
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followed in the Home Care/BPO clinic, Neonata1 clinic, and 

Respiratory c1inic. criteria for enrolment included a 

diagnosis of BPO, regular medical care in one of the clinics 

at MCH and signed parental consent. Infants were excluded from 

this portion of the study if they were known to have 

uncorrected congenital heart disease or any other medical 

diagnosis in addition to BPD that would influence their 

growth, peripheral edema, jaundice or intercurrent i1lness at 

the time of study. 

The recruitment of participants was carried out by the 

research nutritionist (J.C) by one of two approaches. The 

first involved direct contact with the parents of eligible 

participants in the out-patient clinics where an explanation 

of the purpose of research and the extent of their involvement 

was provided. The second approach involved mailing parents an 

invitation let ter as weIl as a consent forro which included the 

details of the study. A week later, this was followed by a 

telephone calI to clarify any questions pertaining to the 

research and to inquire about their decision concerning entry 

into the study. 

The study Was approved by the Montreal Children's 

Hospital institutional review board. Signed informed consent 

was obtained from the pàrent of each patient • 
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;b) :Bam~ple size 

Data on plasma malondialdehyde and red cell glutathione 

in this population (measures of oxidati ve stress) are not 

available, making an estimate of the sample size required for 

study based on these parameters impossible. However, if our 

hypothesis is correct that oX.i.dative stress results in an 

increased energy expenditure, resulting in fai1ure to thrive, 

an estimate of the sample size required can be derived from 

data on energy expenditure in BPD infants with and without 

failure to thrive (Kurzner et al, 1988b; Browner et al, 1988). 

Oxygen consumption, a market· of energy expenditure, was 

increased by 25% to 43% in infants with BPD compared ta 

controis (Weinstein, 1981; Kao, 1988; Yeh, 1989; Kurzner, 

1988b; Gamarra, 1992) with a standard deviation of 1.79 

ml/Kg/min (Kurzner, 1988b). The most conservative estimate, 

therefore, would assume a 25% difference in V02 between BPD 

infants with FTT and thriving BPD infants with a 1. 79 standa.rd 

deviation, a one tailed alpha of 0.05 and a beta error of 

0.20. This would require 12 infants (ie 6 infants per group) 

for this study. Fifteen subjects were recruited for analysis 

of oxidative stress. 

C. Data Collection 

For the c1inic census, data was coilected by review of 

q 
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hospital records and consisted of birth weight, gestational 

age, chronological and corrected age, weight, length/height in 

order to describf;! the BPD population. Subjects enrolled in the 

sample had weight, height/length, triceps skinfold, mid arm 

circumference and mid arm muscle circumference measurfad by 

J. C. at the tim~~ of the study. Blood samples were measured for 

plasma malondialdehyde, red blood cell qlutathione and 

hel1\oglobin concentration. Food intake was recorded by the 

parents on two separate 3 day food records. 

D. Methods of Measurement 

a) AnthropOD'letric Measurements 

Weight values were obtained in infants less than 24 

months without clothing using an electronic pediatrie scale 

(Detecto Scales, Webb city, MO). Values were recorded to the 

nearest 100 gms. Recumbent length was measured for infants 

whose age was less than 24 months with the aid of a wood en 

length board. Measurement was recorded to the neares1: 0.5 cm. 

For children whose age was equal to or exceeded 24 months, 

weight and height were recorded without shoes and with 

subjects wearing a minimum of clothing on a beam balance scale 

(Detecto Scales Inc Brooklyn, NY, USA). Weights were recorded 

to the nearest 100g and height to the nearest 0.5 cm. The 

nutritional status of infants was assessed using the: National 
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Center for Health statistics (NCHS) growth charts (33) where 

the infant's weight for age, length for age and weight for 

length was plotted after correcting for gestational age. To 

correct for gestational age, the number of weeks of 

prematurity (based on 40 weeks gestation) was subtracted from 

the child's chronological age. The difference between growth 

percentiles for corrected and uncorrected postnatal age i5 

statistically significant depending on the growth parame ter 

(Peterson et al, 1984). Age at measurement should be corrected 

for prematurity up to 24 months for weight, and 3.5 years for 

height (Peterson et al, 1984). Data were expressed as 

corrected woight for age, weight for height and height for age 

z score. Z scores were calculated based on corrected age using 

software for calculating pediatrie anthropometry (ANTHRO 

version 1.01) 

The triceps skinfold (TSF) measurement was made at the 

midpoint between the acromion and olecranon on the left arm 

while the arm was bent at a 90 degree angle using a Lange 

skinfold caliper with the subject in a standing position (age 

~ 24 months) or held in mother's lap (age < 24 months). The 

skinfold was pinched with the fingers approximately 1 to 2 cm 

above the midpoint and the jaw of the caliper placed at the 

midpoint (Walker et al, 1985). Readings were taken three times 

and the average of these measurements was recorded to the 

nearest 0.5 millimeter. 
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The measurement of the mid arm circumference was made at 

the TSF site with the left arm hanging relaxed. A measuring 

tape was wrapped gently but f irmly around the arm and the 

circumference was recorded to the nearest mm (Gibson, 1990). 

The mid arm muscle circumference (MAMe) was calculated from 

the triceps skinfold and midarm circumference (MAC) using the 

standard equatjon: MAMC(cm) = MAC (cm) - 3.14 TSF(cm). TSF, 

MAC and MAMC measurements were compared to the standards by 

Frisancho (1981) and expressed as percentiles. 

b) Dietary Assessment 

Energy intakes were assessed by the use of 2 independent 

3-day food records with a 1-2 week interval between the food 

records. One of the food records always included a weekend 

day. Food records, including instructions on how ta record 

food, were given to mothers. Two forms were prepared: one for 

infants less than one year and the other for children older 

than 1 year. Mothers were asked to record the time, quantity 

of food consumed and method of preparation during the six 

days. These records were brought in on the next clinic day or 

mailed in to the research nutritionist. The average of these 

records was calculated to reflect the daily nutritional intake 

of these infants/childr.en. The adequacy of the six day food 

records was assessed by comparing the within-subject 

variability ta between-subject variability and calculating the 
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number of days necessary ta estimate energy intake to within 

20% of the true mean intake 90% of the time according to the 

following formula (Willett et al, 1990): 

n= ( Z CVW/Do)2 

where n= the number of days needed per persan 

z = the normal deviate for the percentage of times 
the measured value should be IrIrithin a spet;ified limit 

CVw = the within-person coefficjent of variation 
Do = the specified limit (as a percentage of long-term 

t:rue intake) 

Nutritional data collect~d from the dietary records were 

coded and analyzed using the database Nutritional Assessment 

system (NUTS Quilchenia Consulting Ltd) . 

c) Assessment of Oxidative stress 

Because the direct measurement of oxygen free radicals is 

very difficult in biologie systems, the presence of oxidative 

stress in vivo ls often assessed by demonstrating degradation 

products of free radical injury in tissues and body fluids 

and/or by identifying a depletion of dntioxidant defences. We 

assessed oxidative stress by measuring malondialdehyde in 

plasma, a degradation product of lipid peroxidation and red 

blood cell glutathione, a measure of one antioxidant defense. 

AIl subjects were asked to fast for a minimum of 3 hours to 

avoid any dietary effects and blood was withdrawn between 

10:00am and 1:00pm to avoid diurnal variations . 
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(i) Determination of Plasma Malondialdehyde (HDA) 

Samples for MDA were collected into EDTA tubes on ice, 

centrifuged within an hour and separated into plasma and 

packed cells. Plasma was stored at -80°C for a maximum of 6 

weeks until assayed. 

MOA was measured in plasma by a new high performance 

liquid chromatography (HPLC) technique which is more specifie, 

reliable, and reproducible than previously available (Lepage 

et al, 1991). Ta 500 microliters (~l) of plasma, 2 ml of water 

and 500~1 of 0.5% butylated hydroxytoluene in methanol were 

added to prevent further formation of MOA. This was followed 

by the addition of 200J.LI of O. 66N H2S04 and 150 J.LI of 10% Na2Wo4 

in order to precipitate proteins and allow complete recovery 

of MOA. The mixture was thereafter centrifuged at 1000 x 9 for 

10 minutes (min) • Maximum formation of the MOA-TBA complex was 

obtained by adjusting the pH between 2.5 and 4.5. The MOA-TBA 

complex was heated at lOOoC for 60 min, then completely 

extracted with n-butanol at pH < 0.75 which was then 

evaporated at 37°C under nitrogen, 20 J.LI of the sample were 

injected into the HPLC, and the peak of the MDA-TBA complex 

determined. MOA was expressed as nmol/liter . 
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(ii) Blood Glutathione 

Samples for red blood cell glutathione were collected in 

heparinized collection tubes. Erythrocyte pellets were 

obtained by centrifuging at 500 x 9 for 15 min at room 

temperature. The plasma and buffy coat were th en removed and 

eryth~ocytes were washed twice in 1.25 ml of sterile 0.9 g/L 

NaCl solution. Erythrocyte lysates were prepared according to 

the method of picot et al (1992) with modifications. 

Erythrocyte pellets were frozen and thawed two times, fol lowed 

by the addition of three volumes of ice-cold distilled water. 

Cell membranes were removed by centrifugation (6000 x 9 for 10 

min at 4°C) and the supernate was frozen at -80D C until the 

determination of GSH was performed. The latter was carried out 

by the DTNB-GSSG reductase recycling assay for total 

glutathione (Anderson, 1985). The method combines the 

usefulness of the colorimetrie reaction of DTNB (5,5'­

dithiobis-2-nitrobenzoic acid) with the specificity of GSH­

reductase and offers a high sensitivity for total glutathione. 

One hundred microliters of sample were added to 700 ~l of the 

working buffer containing 0.3rnM NADPH (pH 7.4) after diluting 

in stock buffer [O.143M sodium phosphate containing 6. 3mM EDTA 

(pH 7.5)]. One hundred microliters of DTNB solution (6mM in 

stock buffer) were added with mixing and the assay was 

initiated by the addition of 10~1 of GSSG reductase (120U/mg) 

diluted in stock buffer. The rate of TNB formation was then 
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followed spectrophotometrically at 412nm for 2 minutes and 

compared to a standard curve of known quantities of 

glutathione. Values were calculated as nanomoles of 

glutathione and expressed in Mrnol/g of hernoglobin. 

E. Data Analysis 

Data were collected by the research nutritionist and 

filed into software program Lotus 123. The data were then 

irnported into statistical software program SPSS for Windows 

(version 6.0). SAS was used for repeated measures analysis of 

variance for determining the val'iability in energy intake. The 

following model was used to deterrnine the within-subject 

variability and between-subject variability (Willett, 1990) : 

Nutrient Y = M + Subject + € ; where ~ is the mean energy 

intake, subject represents between-subject variability and € 

represents within-subject variability. 

Data were expressed dS group means and standard deviation 

for aIl variables. Student' s unpaired t test was used to 

compare the rneans between the two groups. Relationships 

between two variables were expressed as Pearson correlation 

coefficients. P values were considered significant if less 

than 0.05. Significance levels for testinq correlations are 

reported aü one tailed while significance levels cornparing 

means between two groups are reported as two tailed. 
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SECTION FIVE RESULTS 

I. Descriptive study 

A. Characteristics of the BPD population 

The medical records of thirty eight BPD patients less 

than four years of age followed at the Montreal Children's 

Hospital were reviewed between June 1993 and August 1994. The 

population consisted of twenty nlne males and nine females. 

Table 1 displays the characteristics of this population. The 

corrected age of the population varied from 3 to 40 rnonths 

with a mean of 18.3 ± Il.5. The mean gestational age was 27.3 

± 2.7 weeks with a range of 22.7 to 30 weeks. The medn birth 

weight was 981. 5 ± 440.9 with a range uf 450 to 2850g. 

Comparing the characteristics by sex, there were no 

significant differences in gestational or corrected age 

between females and males. However, females followed in the 

clinic had a significantly lower birth weight than the males 

who were being seen. Four patients (2 males, 2 females) were 

small for gestational age at birth, defined as a birth weight 

less than the 10fu percentile for gestational age; the 

remainder had birth weights appropriate for gestational age, 

defined as birth weight between the loth and 90th percentile 

for gestational age . 

Q 
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DESCRIFI'IVE STIIDY 

CHARACI'ERISTICS OF THE HPD POPULATION 

FEMALES MALES 
(N = 9) (N = 29) 

MEAN + SD MEAN + SD 

CHRONOLOGICAL AGE 25.39 + 14.22 20.28 + 10.52 
(month) 

CORRECTED AGE 22.08 + 14.63 17.16 + 10.34 
(month) 

GESTA TIONAL AGE 26.41 + 2.28 27.53 + 2.83 
(week) 

BIRTHWEIGHT 716.67 + 274.72 1063.62 ± 453.62" 
(gm) 

• P< 0.05 

TABLE 1 

• 

TOTAL 
(N = 38) 

MEAN + sn 

21.49 + 11.50 

18.33 + 11.48 

27.26 + 2.72 

981.45 + 440.89 
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DISTRIBUTION OF WEIGHT FOR AGE Z SCORE(WAZ) IN BPD POPULATION 
(N=38) 
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B. Anthropometrie Measurements of the BPD population: 

The weight for age z score (WAZ) , weight for height z 

score (WHZ) and height for age z score (HAZ) distributions of 

the BPD population are depicted graphically in figures l, 2, 

and 3 respectively. Figure 1 illustrates the following: 77.68% 

(28/38) of the population fell below the median for weight for 

age, 13.15% (5/38) were at the median while only 13.15% (5/38) 

were above the rnedian. Similiarly, the distribution of WHZ 

(fig.2) revealed that 76% (29/38) were below the rnedian, 8% 

(3/38) were at the median while 16% (6/38) fell above. The 

least affected pararneter was the height for age, where 57.8% 

(22/38) of patients were below the median, 10.52% were at the 

50th percentile and 32% (12/38) were above. The means and 

standard deviations (SD) of the three indices (WAZ, WHZ, and 

HAZ) are reported for the population as weIl as for each sex 

in Table 2. The mean weight for age and weight for height z 

scores for the population were approximately 1 SD below the 

median and 0.5 SD helow the rnedian for height for age. There 

were no significant differences between males and females in 

any of the above indices although females tended to he 

lighter, shorter, and thinner than their male counterparts. 

Excluding the SGA infants from the analysis, the mean WAZ, WHZ 

and HAZ improved by 12.75%, 41% and 26% respectively . 
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DISTRIBUTION OF HEIGHT FOR AGE Z SCORE(HAZ) IN BPD POPULATION 

(N=38) 
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GROWfll STATUS OF HPD INFANTS 

FEMALES MALES TOTAL TOTAL-
(N = 9) (N = 29) (N = 38) (N = 34) , 

, 

MEAN ± SO MEAN ± SO MEAN ± SO MEAN ± SO 1 

! 

i 

WAZ -1.56 ± 0.88 -0.86 + 1.17 -1.02 ± 1.14 -0.89 ± 1.08 
1 

HAZ -1.12 ± 1.37 -0.37 + 1.13 -0.54 ± 1.22 -0.40 ± 1.12 

WHZ -1.02 + 0.44 -0.73 + 0.93 -0.80 ± 0.85 -0.73 ± 0.79 

- Small for gestational age infants excluded 

TABLE 2 
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The prevalence of growth fallure in this population was 

determ ined based on two indices, weight for age and weight for 

height. Growth failure was def ined as weight for age and 

weight for height less than one standard deviation below the 

median. This corresponds ta weight for age and weight for 

height less than the tenth percentile and is similiar to 

criteria previously used in the literature reporting growth 

failure in BPD (Kurzner et al, 1988a; Meisels et al, 1986). 

The prevalence of growth failure based on a cutoff point of 1 

SD below the median for weight for age was 55%. Based on a 

cutoff point of 1 SD below the median for weight for height, 

the prevalence of growth fallure was 45% . 

C. Rela tionship of Neonatal Characteristics to Growth Indices: 

In arder ta determine whether gestational age accounted 

for growth failure, we examined the relationship of 

gesta tional age ta NAZ, WHZ and HAZ (table 3). Gestational age 

did not correlate with any of the above z scores and thus, did 

not account for our findings. In contra st , birth weight was 

strongly correlated to WAZ (r=0.45i p=0.002) (Fig 4) and HAZ 

(r=0.39; p= 0.008) (Fig 5) but to a 1e55er extent with WHZ 

(r=0.26iP=0.055) (Fig 6). Because two outlying points on the 

graphs (shown with stars) seemed to strengthen the 

correlations, analyses was redone excluding them. The 

correlations between birth weight and WAZ (r=0.39j p=0.012) 
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RELATIONSHIP OF GE..'iTATIONAL AGE 
TO GROWTH PARAMETERS 

Gestationa) ale and 

eWAZ 

eWHZ 

e HAZ 

Pearson's Correlation 
Coefficient 

0.1975 

0.0180 

0.1991 

TABLE 3 

P value 

0.117 

0.47.5 

0.11.5 
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RELATIONSHIP OF BIRTH WEIGHT TO WEIGHT FOR AGE Z SCORE (WAZ) (N=38) 

(r=O.45; p=O.002) 
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RELATIONSHIP OF BIRTH WEIGHT TO HEIGHT FOR AGE Z SCORE(HAZ) (N=38) 
(r=O.39; p=O.008) 

FIGURE 5 
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RELATIONSHIP OF BIRTH WEIGHT TO WEIGHT FOR HEIGHT Z SCORE (WHZ) (N=38) 

(r=O.26,p=O.055) 

FIGURE 6 
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and HAZ (r=0.30;p=0.041) remained significant; however, the 

relationship between birth weight and WHZ disappeared 

(r=O.22;p=0.106). These findings suggest thdt birth weight is 

a predictor of subsequent weight and length but not weight [or 

height. 

We further examined the relationship between corrected 

age and growth parameters. There was a strong positive 

correlation between corrected age and each of WAZ (r= -0.38; 

p=O.Ol) (figure 7) and WHZ (r==-0.45; p= 0.002) (figure 8) 

suggesting a deterioration in the growth outcome with 

progression of age. Corrected dge; however, did not correlate 

with HAZ (r~0.26; p=O.164) (figure 9) suggesting that linear 

growth was nDt more affected in the older children . 
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RELATIONSHIP OF CORRECTED AGE TO WEIGHT FOR AGE Z SCORE(WAZ) 
(r=-O.33, p=O.01) 
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RELATIONSHIP OF CORRECTED AGE TO WEIGHT FOR HEIGHT Z SCORE (WHZ)(N=38) 

(r=-O.45, p=O.002) 
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II. Sample Study 

A. Characteristics of the Sample 

Parents of fifteen patients consented to participate in 

the study of the evaluation of nutritional status, energy 

intake and oxidati ve stress status. Two parents refused 

participation due to lack of interest while nineteen parents 

objected to the blood test required. The research nutritionist 

was unable to locate two parents. Thus, the participants 

represented approximately 40% of the total BPD clinic 

population. Ten males and five fernales were included in the 

sarnple. The mean (± SD) chronological and corrected age of the 

fifteen patients studied were 29.23 ± 11.3 and 26.33 ± 11.17 

months respectively (table 4). The sample was significantly 

(p<O.005) older than the total population. However, both 

gestational age and birth weight were comparable to the total 

population. Two infants (2 females) had birth weights srnall­

for-gestational-age. No significant differences were apparent 

between fernales and males on any of the measures although 

fernales tended to have had lower birth weights than males. 

B. Anthropometrie Measurements: 

The anthropornetric measurernents of the BPD sample are 

surnrnarized in table 5. The means for WAZ, WHZ and HAZ 
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CHRONOLOGICAL AGE 
(month) 

CORRECTEn AGE 
(month) 

GESTATIONAL AGE 
(week) 

BIRTHWEIGHT 
(gm) 

• 
CHARACTERISTICS OF A SAMPLE 

OF BPD PATIENTS (N=1S) 

FEMALES (N =5) MALES (N = 10) 
MEAN + sn MEAN + sn 

(RANGE) (RANGE) 

33J10 + 9.13 26.95 + 12.06 
(24.50 - 43.00) (7.00 - 41.50) 

30.90 + 9.13 24.05 + 11.82 
(21.50 - 40.00) (4.00 - 38.50) 

27.97 + 1.19 28.64 + 3.24 
(27.00 - 30.00) (24.71 - 36.00) 

781.00 + 351.11 1211.50 + 605.63 
(450.00 - 1310.(0) (800.00 - 2850.00) 

• P<0.005 Significantly different from BPD population 

TABLE 4 

• 

TOTAL (N=15) 
MEAN + sn 

(RANGE) 

29.23 + 11.3· 
(7.00 - 43.00) 

26.33 + 11.17· 
(4.00 - 40.00) 

28.42 ± 2.69 
(24.71 - 36.(0) 

1068.00 + 561.38 
(450.00 - 2850.00) 



• 

-- -- - -- ----------

WAZ 

WHZ 

HAZ 

• 
GROWTII STATUS OF BPD SAw-LE 

(N=15) 

FEMALES MALES 
MEAN + SD MEAN ± SD 

(N = 5) (N = 10) 

-1.76 + 1.12 -1.01 ± 1.27 

-1.12 + 0.42 -0.98 + 0.77 

-1.47 ± 1.60 -0.32 ± 1.16 

TABLES 

• 

TOTAL 
MEAN ± SD 

(N = 15) 

-1.26 ± 1.24 

-1.03 ± 0.66 

-0.71 ± 1.39 
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distribution fell at approximately 1 SD below the median for 

woight for age, weight for height and height for age. The 

tl1ree growth indices of the sample were comparable to the 

indices of the total population. significant differences for 

the z scores were not noted between females and males. 

However, there was a trend for females to have poorer growth 

outcomes than males because of the two small for gestational 

age (SGA) infants in the female group. Upon exclusion of these 

SGA infants, the growth indices were comparable between males 

and females. 

The distribution of triceps skinfold (TSF), midarm 

circumference (MAC) and midarm muscle circumference (MAMC) 

according to the standards of Frisancho (1981) is illustrated 

in figure 10. Fifty four percent of the sample had triceps 

skinfold below the 5th percentile, 31% were distributed 

between the 5th and 25th while only 15% were between the 25th 

and 50th percentile. The midarm circumference distribution 

revealed that 20% of the sample had their MAC below the 5th 

percentile, 38% fell between the 5th and 25th, 23% between the 

25th and 50th while only 15% had their MAC above the 50th 

percentile. As to the MAMC, 31% had their MAMC distributed 

between the 5th and 25th, 15% were between 25th and 50th 

percentile while 54% had their MAMC above the 50th percentile. 

These findings suggest depletion of fat stores for the 

majority of infants while lean tissue mass or protein reserves 

1 
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were spared. 

The mean values of triceps skinfolds, midarm 

cj rcumference and midarm muscle circumference for females were 

dt the 10th, 50th and 75th percentile respectively. The mean 

values of triceps skinfold, midarm circumference and midarm 

muscle circumference for males were below the 10th percentile, 

between the 10th and 25th, and at the 50th respeetively. 

This suggests that males had relatively lower fat stores as 

well as protein stores than females. 

c. Enerqy Intake 

Thirteen of the fifteen mothers of BPD patients returned 

a completed six day food record. Calculated energy intake 

based on analysis of the records, varied from 84.49 te 166.17 

kcal/kg/day for females and from 63.51 to 178.30 keal/kg/ddY 

for males. The average energy intake expressed as Keal per Kg 

of body weight per day for females and males was 116.64 ± 

34.08 and 121.11 ± 44.48 respeetively (table 6). There was no 

~ignificant ditference in energy intake between females and 

males. Energy intake was expressed as a percent of the 

recommended nutrient intake (RNI) (Health and Welfare Canada, 

1990). The mean (± SO) energy intake as a percent of RNI for 

females and males was 120 ± 34 and 124 ± 46 respectively . 



• • • 
NUTRIENT CONSUMPI10N OF BPD PATIENTS (N=13): 

ENERGY AND MACRONUTRIENT INTAKE 

- -- _ ..... _----- -_ ... --------- -, 
FEMALES (N = 5) MALES (N = 8) 

1 

MEAN ± SD MEAN + SD 
1 (RANGE) (RANGE) 

ENERGY 116.64 + 34.08 121.11 + 44.48 
(Kca1IKg/day) 

(84.49 - 166.i7) (63.51 - 178.30) 

CARBOHYDRATE 16.06 + 6.81 16.23 + 7.20 
(gm/kg/day) 

(11.14 - 25.74) (7.52 - 27.15) 

FAT 3.93 ± 0.79 4.68 ± 1.64 
(gm/kg/day) 

(2.67 - 4.84) (2.48 - 7.07) 

PROTEIN 4.50 ± 1.50 4.84 + 2.66 
(gmlkg/day) 

(2.84 - 6.85) (1.59 - 9.28) 

TABLE 6 
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Table 7 reports the macronutrients as a percent of total 

energy intake. Carbohydrate contributed 54 and 55 percent of 

the total energy intake for females and males respectively; 

fat constituted 30% and 35% of total calories for females and 

males respectively, while 15% and 16% of energy were derived 

from prote in for fernales and males respectively. The 

recommended amount of carbohydrate, fat and protein as a 

percent of total energy is 50-60, 30, and 10-20 respectively 

(Health and Welfare Canada, 1990). The diet of these subjects 

in this study conforrned weIl with these recommendations. 

In arder to determine whether a six day food record would 

be sufficient to assess energy intake of subjects, we examined 

within subject ta between subject variability (Willett, 1990) 

and determined the number of days needed per persan to 

estimate an individual' s energy intake. Using repeated 

measures analysis of variance, results revealed that 68% of 

the variation in energy intake was explained by between­

sub;ect variability while only 22% of the variation was 

explained by the within-subject variability. The ratio of 

within-subject variability to between-subject variability was 

less than one (0.52). The nurnber of daysjdai ly records needed 

per subject to estimate the individual' s dietary energy intake 

ta within 20 percent of their true rnean 90% of the tirne was 4 

days or daily records. Our dietary intake was assessed on 6 

daily records and therefore represents a reasonably good 
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• 
NUTRIENT CONSUMPTION OF HPD PATIENTS (N=13) 

NUTRIENT AS A PERCENT OF TOTAL ENERGY 

- - ----_ ... -------- _.----------- ------

FEMALES MALES 
(N = 5) (N = 8) 

CARBOHYDRATE 55.00 54.00 
(% OF TOTAL ENERGY) 

RANGE 38.20 - 88.30 24.84 - 89.70 

FAT 30.00 35.00 
(% OF TOTAL ENERGY) 

RANGE 20.61 - 37.35 18.43 - 52.50 

PROTEIN 15.00 16.00 
(% OF TOTAL ENERGY) 

RANGE 9.70 - 23.50 5.30 - 30.60 

TABLE 7 

• 
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assessment of dietary intake for individuals. 

D. oxidative stress status 

The mean values of plasma MDA and red cell glutathione 

(GSH) per gram of hemoglobin for the sample were 123.99 ± 

49.99 nmoljl and 5.22 ± 1.70 umoljg respectively. Normal 

values of plasma MDA and red cell GSH for this age group are 

not available. However, Lepage et al, (1991) using the same 

methodology as in this study, measured plasma MOA in 17 

controls whose mean age was 14 years and obtained mean MDA 

levels of 69.1 ± 2.6 nmol/l. In a subsequent study, Lepage et 

al (1993) found a mean value of 55 ± 3 nmol/ l for MDA in 

controls whose age ranged between 19 and 22 years. In the 

present study, fourteen of fifteen subjects (93%) exhibited 

levels of MDA at least double the amount reported in older 

controls, suggesting increased lipid peroxidation. Only one 

subject (7%) had a mean plasma MDA level comparable to the 

control values. 

The mean value of normal red cell GSH per hemoglobin for 

adults is 6.57 ± 1.04 umol/gm. The mean glutathione level of 

our subjects \',las comparable to mean adult control levels. 

However, six patients (40%) had decreased levels of red cell 

GSH compared to control levels suggesting depletion of this 

antioxidant. Two subjects (13%) showed elevated levels while 
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suven infants (47%) had normal CSH leve]s compared ta ndult 

contrals. We further examined whether oxidative markers were 

related ta age. There were no correlations between correctert 

age and plasma MOA (r= 0.11; p=0.352) or red cell glutathione 

(r=0.18; p= 0.265). 

E. comparison between BPD Infants with Growth Failura and BPD 

Infants with Normal Growth: 

a. Defininq the Groups 

We defined FTT on the basis of weight for age and weight 

for height z scores. The WAZ, WHZ and HAZ distribution for the 

sample are presented in figures 11, 12, and 13 respectively. 

From the WAZ and WHZ distribution, it appeared that the sample 

was comprised of two distinct populations at a cutoff polnt of 

1 SD below the median for both weight for age and weight for 

height. I~~ants were classified in the same manner by bath of 

these measures. There was no clear separation when plotting 

the HAZ distribution. Therefore, a cutoff point of 1 SO below 

the median for weight for age was selected and subjects were 

classified accordingly. 

Based on a cutoff point of 1 SO below the median for 

weight for age and weight for height, nine infants were 

failing to thrive cempared te six infants who were thriving. 



• • e 

DISTRIBUTION OF WEIGHT FOR AGE Z SCORE IN BPD SAMPLE 
(N=15) 

5 (, ' ' '1 ' , , ' , , , , , , , , , , , , ' , , . , /7 ' , , . , , . 
00 " 
1- 4 
Ü 
W 
-,3 
al 
::::> 
en 2" 

o 
CL 1'" 
tD 

OV l' / / / / l' / l' /- / / / 1 

-3 -2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5 3 

WAZ 

FIGURE 11 



w 

• ...J 
a.. 
~ « en 
Cl 
a.. 
fi ~ 
Z 
.....--.. 0$\_ 
N ~.( I 
~ ~. 

.(.( 

1 
.......... 
w 
a:: 

$'<-0 u $*_0 CIl 
0 

N 
$\~-~,-.. 

• IIO 0° N 
~Ii :c 
wz $'~- ~ I-

aO ([ 
~. 0 ..2 0, u. 

~ ~-
.(,0, I 

CJ 
W ~~-
~ Q .(, 
u. ~. 
0 .Q .(, 
Z ~. 

c;\ .(, 0 
~ 

('1) C\I r- a C\I ::> T""" 

m S183rSnS Od8 w -
rI: cr: • t- :J en C!J -0 LL 



e - -
DISTRIBUTION OF HEIGHT FOR AGE Z SCORE(HAZ) IN BPD SAMPLE 

(N=15) 
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Failing ta thrive BPD infants were significantly aider thdn 

thri ving BPD infants. However 1 birth weight and gestationd l 

age did not differ between the two groups (Table 8) • 

b. Energy Intake 

We assessed energy intake ta determine whether growth 

failure in BPD infants is associated wi th increased or 

decreased intakes for age. Energy intakes expressed as percent 

of RNI (mean ± SO) were 133 ± 35% and 104 ± 46% for infants 

with growth failure and normally growing BPD infants 

respective1y (Table 9). These figures indicate a mean energy 

intake that is 33% in excess of requirements for age in 

infants with growth failure and on1y a 4% mean increase for 

thriving infants. 

While there was no statistic'l1 di fference in mean energy 

intake between the two groups 1 infants with growth failure had 

energy intakes more than sufficient ta meet normal 

requirements for age. A significant negative relationship was 

found between average energy intake and WAZ (Figure 14). This 

may reflect the c1inic practice of intervening and 

supplementing dietary intake in patients with growth failure . 
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COMPARISON BETWEEN BPD INFANTS wrm NORMAL 

GROWTII TO BPD INFANTS WITH GROWfll FAILURE 

CHARACTERISTICS INFANTS WITH GROWTH INFANTS WITH NORMAL 
FAILURE GROWTH 
WAZ~ -1 WAZ> -1 

(N = 9) (N = 6) 

CHRONOLOGICAL AGE 34.00 + 8.99 22.08 ± 11.32-
(month) 

CORRECTED AGE 30.94 + 9.19 19.42 + 10.90-
(month) 

GESTA TIONAL AGE 27.87 + 2.18 29.25 ± 3.38 
(week) 

BIRTHWEIGHT 865.56 + 288.09 1371.66 ± 751.78 
(gm) 

.p < 0.05 

TABLES 

• 



• -
COMPARISON OF ENERGY INTAKE BETWEEN BPD INFANTS 

WlTH NORMAL GROWTII AND GROWTII FAILURE 

INFANTS WITH GROWTH FAILURE INFANTS WITH NORMAL GROWTH 
WAZ~-l WAZ > -1 

(N = 8) (N = 5) 

DIETARY ENERGY 
INTAKE 131.04 + 32.33 100.76 + 45.86 

(kcallkg/day) 

%RNI 133.00 + 35.00 104.00 + 46.00 

TABLE 9 

e 

-
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RELATIONSHIP OF ENERGY INTAKE TO WAZ (N=13) 

(r=-O.46, p=O.055) 
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c. Oxidative stress status 

The comparison of oxidative stress markers between the 

two groups is presented in table 10. There were no significant 

differences in mean red blood cell (RBe) glutathione per 

hemoglobin or in mean plasma malondialdehyde levels between 

the groups. Out of six subjects with Iow glutathione leveIs, 

four were failing to thrive while two were thriving. 

Similiarly, nine of the fourteen patients with elevated MDA 

levels were failing to thrive. Because two infants in the 

sample were receiving supplemental 02 and the use of the 

latter might confound the results, analysis was redone 

excluding these cases. There were no statisticai differences 

between failing to thrive infants and norrnally growing BPD 

infants in rnean RBC glutathione (p>O.l) and rnean plasma MDA 

(p>O.l) upon exclusion of the two cases. Furtherrnore, therc 

was no correlation between either MDA or GSH and WAZ, WHZ and 

HAZ. 

The relationship of energy intake to each of the 

oxidative stress markers was examined. A significant positive 

association was demonstrated between energy intake and 

glutathione levels (r=O.48i p=O.048) (figure 15). Because 

glutathione is a tripeptide of glycine, cystine, and glutamic 

acid, the association between glutaLhione and protein intdke 

was further tested. A positive association was observed but 
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OXIDA TIVE STRESS 
MARKERS 

-

COMPARISON OF OXIDATIVE STRESS MARKERS BETWEEN BPD 
INFANTS WITII NORMAL GROWTH AND GROWI1l FAILURE 

-

1 INFANTS WITH GROWTH 1 INFANTS 'NITR NORMAL P VALUE 1 

FAILURE GROWTH 
WAZ ~-1 WAZ >-1 

(N = 9) (N = 6) 

MALONDIALDEHYDE 133.83 + 55.79 109.24 + 39.76 0.370 
(nmollL) 

GLUTA THIONE 5.10 + 1.56 5.40 ± 2.04 0.745 
(Jtmollgm Hgb) 

TABLE 10 
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the relationship did not reach statistical significance (r= 

0.41; p= 0.08). Unlike GSH, MDA did not correlate with energy 

intake (r= 0.15; p=O.308). 

Due to the observed positive association of energy intake 

and glutathione levels, and because infants failing to thrive 

had higher energy intakes than thriving infants, energy intake 

might have negatively confounded the results. We, theretore, 

reanalyzed the data using multivariate analysis to adjust for 

energy intake. GSH levels remained comparable between the two 

groups even after adjusting for energy intake in the analysis . 
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SECTION SIX DISCUSSION 

I. DESCRIPTIVE STUDY 

The current study is a cens us of BPD infants followed at 

the outpatient clinics at the MCH between June 1993 and August 

1994. It differs from studies in the literature in a numbcr of 

important respects. Many studies in the literature report:ng 

on the growth outcome of BPD infants have followed aIl BPD 

survivors longitudinally up to 2 years of age (Markstead and 

Fi tzhardinge, 1981; Vohr et al, 1982; Yu et al, 1983; Davidson 

et al, 1990) rather than a select population requiring medical 

care at tertiary clinics at a single point in time. Comparect 

to cross-sectional studies reporting on BPD infants (Gamarra, 

1992; Kurzner et al, 1988; Weinstein and Oh, 1981; Yeh et al, 

1989), the mean age of our population is relatively old. This 

is attributed to the fact that our subjects were studied whi le 

they were being followed at outpatient clinics as opposed to 

infants still in intensive care units who require mechanical 

ventilation. In addition, in this institution, only BPD 

infants requiring home oxygen at 40 weeks post conceptual arc 

followed as opposed to all BPD infants. The Mean gestational 

age and birth weight were comparable to other BPD populations. 

The reported high ratio of males to females (3:1) in our 

study is consistent with the literature. Markstead and 
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Fitzhardinge (1981) reported a ratio of males ta females of 

4:1 in 20 BPD survivors. The incidence of BPD has been shown 

to be higher in the male sex and the latter constitutes a risk 

factor for BPD (Hazinski, 1990). Recent findings indicate that 

males have lower glutathione levels at birth which may 

contr ibute to their greater suceptibility to this disease. 

While the finding of lower birth weight in females than males 

is comparable ta that of the normal population, on average, 

the birth weight of males exceeds that of females by only 80g. 

In our population, however, the difference between males and 

females was more pronounced. Because females are more 

protected from developing BPD, it is possible that females had 

to have a significantly lower birth weight. in order to develop 

BPD. This is supported by the f inding of an increased 

incidence of BPD with a decrease in birth weight (Bancalari, 

1988) • 

We have examined the growth status of these infants with 

respect to the three indices: weight for age, weight for 

height and height for age. Weight for age reflects whether a 

patient is underweight or overweight. The index is used as an 

indicator of protein-energy malnutrition ln children from six 

months to seven years (.Gibson, 1990). This index, which fails 

ta account for height differences, may overestimate the 

prevalence of malnutrition in constitutinally small children 

if used alone (Gibson, 1990). Consequently, Waterlow et al, 



• 

• 

• 

58 

(1977) recommended the use of a combination of weight for age 

and weight for height indices. Peter son et al, (1984) notod 

that the rlefinition of malnutrition based solely on weight for 

age may include 3-5% of the population who are genetically 

small but within normal limits of growth. Furthermore, this 

definition may exclude severely malnourished infants suffering 

from edema. The authors recommended that the description of 

malnutrition be based on weight for age, weight for height and 

height for age. Weight for height is a sensitive index of 

current nutritional status (Gibson, 1990). In contrdst ta 

weight for age, this index detects wasting, when weight is 

inappropriately low for height. The height for age index, on 

the other hand, reflects past and po~~ibly ongoing nutritional 

status (Gibson, 1990). In our population, the distribution of 

weight for age was comparable to that of weight for height. 

Bath distributions revealed that more than three quarters of 

the clinic patients were below the 50th percentile while only 

one quarter were at or above the median. Therefore, the above 

findings do not conform with the distributions of the 

reference population. The height for age distribution did not 

show the shift from the reference distribution observed for 

weight for age and weight for height distribution. Because 

weight for height was as affected as weight for age, wh i le 

height for age was spared, it is clear that these children arc 

not simply small constitutionally, but rather demonstrate a 

nutritional depletion. Given that the height for age was not 
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i1t fected, wc conclude that this population has suffered a 

relatively recent nutritional deficit of relatively short 

duration. 

One of the objectives of the study was to determine the 

prevalence of growth failure in this population. Growth 

failure was defined as weight for age and weight for height 

less than the tenth percentile z score 5 -1). Because weight 

for age does not account for height differences and may 

overestimate the prevalence of malnutrition, the use of weight 

for height index was essential to identify those infants who 

were wasted. This was evident when we calculated the 

prevalence of growth failure in BPO infants based on weight 

for age and weight for height. Using weight for age, the 

prevalence was 55%. This was a slight overestimate as the 

prevalence based on weight for height was 45%. The rational 

for the use of the cutoff point less than the 10ID percentile 

( z score 5 -1) is for the purpose of comparison with previous 

studies reporting on the growth outcome of infants with BPO, 

which have defined growth failure as weight for age and height 

for age less than the tenth percentile (kurzner et al, 1988ai 

Meisels et al, 1986). Because our population included BPD 

infants requiring continued follow up in the clinics, the 

reported prevalence may be an overestimate of the problem in 

the general BPD population. However, Meisels et al (1986) 

obtained a prevalence of growth failure as high as 67% in 17 
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infants with BPD in their second year of 1 ife based on \ ... e iqht 

for age below the tenth percentile. 

aIder subjects in our study had poorer growth outcomCH 

than younger ones. Thi s is in contrast to the f indings of 

Markstead and Fitzhardinge (1981) and Vohr et éll, (1982) who 

reported improvement in growth outcomes for both sexes at two 

years post-terme In both studies, improvement in weight anct 

length was associated with improvement in respiratory 

symptoms. There are two possibilities for the inconsistency 

between our study and the aforementioned studies. One 

explanation may be ascribed to the different populations under 

study. Whereas the populations in these studies included all 

BPD survivors who were followed prospectively, our population 

was comprised of the sickest BPD infants who continued to 

require follow up in our center. The other possibility may be 

attributed to the change in the management of the BPD patient 

in the neonatal unit at the hospital. During the past two 

years, steroids have been used more aggressively during the 

neonatal period accounting for the the improved overall 

outcome of infants. Most of the infants receiving steroids 

dur ing that time were discharged and are therefore, not. 

followed in the outpatient clinics. This is reflected in the 

few young infants followed at the outpatient clinic...;, as 

opposed to a large number of older infants who would not have 

received such a treatment at that time and continue to hav~ 
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po or nutritional outcomes. 

We did not find any correlation between gestation,ll ~q0 

and any of the growth indices suggesting that the dcgrc0 of 

prematurity does not explain the growth outcome. On the other 

hand, the strong positive correlation between birth weight and 

WAZ and HAZ suggests that in our patients, birth weight did 

affect subsequent weight and height. According to Garn and 

Shaw (1977), birth weight is the single most important 

determinant of individuai linear growth during the first seven 

years of life in normal term infants. Moreover, Davidson et al 

(1990) found that birth weight was the best predictor of 12 

and 21 month post-term growth achievements in infants with and 

without BPD. The Iack of an association between birth weight 

and WHZ in our data, upon exclusion of SGA infants, suggests 

that this indicator in our subjects was not an artifact of 

small body size at birth, but clearly reflects nutritional 

status . 
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II. SAMPLE STUDY 

A. Characteristics 

Fifteen patients were further evaluated for their 

nutritional and oxidative stress status. The finding that 

subjects in the sample were older than the clinic population 

may have resulted from the bias introduced because of the need 

for parental consent. Parents who agreed to participate may 

ha'" 2 been self-selected as they were interested in the 

nutritionai problems which were prevalent in the older 

infants. This may have led to the increased participation of 

parents of oider infants versus younger ones in an effort to 

improve their children's outcome. Parents of younger children 

were less Iikely to participate because of the nverprotective 

nature of parents towards their younger ones and the lower 

prevalence of nutritional problems in this group. 

In the sample, nine infants were defined as failing te 

thr i ve compared to six lnf ants who were thr i v ing • Because 

oider infants had peorer nutritional outcomes than younger 

ones in the clinic population, it was not surprising that 

failing to thrive infants were significantly oider than 

normally growing BPD infants. To date, only one study has 

compared failing to thrive infants te thriving BPD infants. In 
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the study conducted by Kurzner et al, (1988a) failing to 

thrive BPD infants had significant lower birth weight and 

shorter gestation than thriving BPD infants. Although 

significant differences in the present study were not noted in 

birth weight or gestational age between the two groups, 

infants with growth failure tended to have lower birth weight 

than infants with normal growth. However, we have already 

shown that the nutritional problem was not an artifact of 

sma11 body size at birth rendering the difference in birth 

weight between the two groups of minor importance. 

B. Anthropometrie Measurements 

The distribution of TSF, an index of fat and energy 

stores, revealed that more than half of the sample had 

dep1eted fat stores (below the 5 th percentile). The midarm 

circumference revealed that approximatly one quarter of the 

sample were below the 5th pecentile suggesting either a 

reduction in muscle mass, a reduction in subcutaneous fat or 

both. However, midarm muscle circumference (MAMC), an index of 

the muscle mass and therefore prote in reserves of the body, 

was least affected. More than half of the sample had adequate 

protein stores. Therefore, the decreased MAC reflected 

decreased fat stores but not a reduction in muscle masse There 

are two possible explanations for the flnding of depleted fat 

stores but adequate protein reserves. One is that protein 
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stores were depleted at one time but were replenished by the 

time of the study due to the nutritional intervention received 

in the clinic. Therefore, we could not detect a depletion in 

protein reserves at the time of assessment. Another 

possibility is that malnutrition was not severe enough to 

deplete the protein stores. This is supported by the finding 

of few infants who had weight for height z score less than two 

standard deviations below the median. 

Errors may occur in nutritional anthropometry affecting 

the precision, accuracy and validity of the measurements. Two 

major errors are: measurement errors and use of invalid 

assumptions in the derivation of body composition from 

anthropometric measurements. 

Measurement errors arise from examiner error due to 

inadequate training, instrument error, and measurement 

difficulties (eg. skinfold th l.ckness). These errors were 

minimized in our study by ensuring that the examiner (Je) 

received thorough training in the use of standardized 

procedures, and precise and correctly calibrated instruments. 

Furthermore, to improve the precision of the triceps skinfold, 

measurements were performed in triplicate and the mean 

reported. It has b~en reported that the intra-examiner 

rneasurernent errors for triceps skinfolds and midarrn 

cirumference measurements are small provided that training in 
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standardized procedures is given (Gibson, 1990). 

Invalid assumptions may lead to erroneous estimates of 

body composition when derived from anthropometric 

measurements, especially in protein energy malnutrition and 

obesity. The use of skinfold thickness to estimate body fat 

assumes that a) the thicknes5 of the subcutaneous adipose 

tissue reflects a constant proportion of the total body fat 

and b) the site selected represents the average thickness of 

subcutaneous tissue. Siervogel et al. (1982) concluded that 

the triceps skinfold was the most representative of the total 

subcutaneous layer for infants. 

subcutaneous fat, total body 

nonlinear and varies with 

The relationship between 

fat, and internaI fat 

age and disease state. 

is 

In 

malnourished persons there is a shift of fat storage from 

subcutaneous to deep visceral sites. Measuring skinfold 

thickness should therefore, be considered a qualitative 

rneasure of the amount of total body fat (Gibson, 1990). In our 

study, we used skinfold thickness to assess the degree of 105s 

of subcutaneous fat, due to malnutrition, in BPD infants 

compared to age matched controls. These measurements were used 

in conjunction with other anthropometric data (weight for age, 

weight for height, rnid arm circurnference) to describe 

n~tritional status of our population rather than to derive 

precise determination of body composition . 
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c. Energy Intake 

In order to examine the relationship be.::ween growth 

failure and energy intake, we assessed energy intake using an 

estimated food record. The use of the food record 3ystem has 

a number of limitations. Food records may cause parents ta 

modify their children's habits to make recording easier. The 

parents may feed their children and/or report what they 

presume the investigator would want to see. Neverthele:~ls, food 

records, unlike 24hr recall data, do not depend on memury. To 

date, only one study has objectively evaluated the usual food 

intake in children . Livingstone et al. (1992) evaluated the 

usual food intake in children and adolescents aged 7 ta 18 

years by 7 day weighed dietary record in comparison ta total 

energy expenditure by the doubly labelled water method. 

Results indicated that there was good agreement [assessed by 

pair-wise compar ison showing the relati ve bias (mean 

diference) and limits of agreement (mean difference ± 2SD of 

the difference) between weighed dietary record and total 

energy expenditure] between the rnean energy intake uRing a 

weighed 7 day food record and mean total energy expenditure in 

7 and 9 year old children. However, there was an increasing 

divergence between energy intake and total energy expenrliture 

in 12, 15 and 18 year old subjects. The authors concluded that 

the weighed dietary record is a valid tool to assess dietary 

intake in 7 and 9 year old children, but individual estimates 
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of weighed dietary record lacked precision. The validity of 

this tool in 7 and 9 year old children was attributed mainly 

to the good compliance of ~arents in reporting the food intake 

of these children as opposed to self-reporting in adolescents. 

Recently, Trumbell-Waddell et al. (1993) examined the 

reliability and validity of the 3-day estimated food record of 

146 preschooi children aged 24 to 47 mor.ths. Parents and 

caregivers cornpleted a 3 day estimated food record and then 

were randomly assigned to on of two groupG. One group 

cornpleted another estimated record (reliability test) while 

the second group cornpleted a weighed record (validity test). 

Results showed that the 3-day estimated record was reliable 

and valid at the group level. However, this did not apply at 

the individuai level since the confidence intervals for 

differences between individual rnean intakes were wide. Because 

energy intake is to be averaged over a number of subjects, the 

use of food record in this study is justified on this basis. 

Large intraindividual variation in the dietary factor 

under study (energy intake in our case) may rnask significant 

correlations when interindividual variation is small in 

relation to intraindividual variation. Moreover, it rnay also 

rnask significant differences when cornparing average nutrient 

intakes between two groups. We, therefore, assessed intra­

subject and inter-subject variability. The ratio of int ra­

subject variability to inter-subject variability (variance 
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ratio) reported in our study, did nct exceed one. The inter­

subject variability explained 68% of the variability in energy 

intake while 22% was explained by intra-subject varia0ility. 

Nelson and coworkers (1989) reported a variance ratio of 

energy intake for both sexes less than one for infants studied 

at 15 and 18 months of age. When the energy intake of the same 

infants was assessed at 24 and 36 months, the variance ratio 

exceeded one. Nevertheless, variance ratios for energy intake 

and for 28 nutrients were relatively low for toddlers cornpared 

ta children aged 5-17 years. Trumbell Wadell et al. (1993) 

found that intra-subject variation in energy and nutrient 

intake exceeded inter-subject variation (60-90% vs 10-40 % of 

total variation) in preschool children. Our resul ts are not in 

agreement with those of 'l'rumbell-Waddell et al. (1993). A 

possible explanation for the greater variability in the latter 

study is attributed to the fact that both the mother and the 

caregiver reported the child's food intake. In the present 

study, however, the mother was the sole provider of 

nutritional information on the child's intake. 

Nelson et al. (1988) found that 7 dietary records were 

required to estimate energy intake for toddlers (age range 1-4 

years) for both sexes to ensure that the correlation between 

the observed and true energy intake was greater or equal to 

0.9. The number of dietary records calculated by Nelson et al . 

for toddlers exceeded that of our study. We calculated the 



• 

• 

• 

69 

number of days required to éstimate energy intake to within 20 

percent of the true energy intake, to be four repeated dietary 

records. The estimated difference in required records is 

attributed to the higher ratios of within-to between subject 

variances in the ,tudy of Nelson et al. In the present study, 

the low variance ratio of energy intake may be explained by 

the higher proportion of males to females. Nelson et al. found 

that females across aIl age groups ( 15 months up to 68 years) 

generally have higher ratios of within to between-subject 

variances than males. The authors ascribed this fincting to 

overall lower calorie intakes and smaller between-subject 

variance in the fernales. Similiarly Beaton et al. (1979) 

showed that women have larger ratios of wi thin to between­

subject coefficient of variation than men for energy, fat, and 

cholesterol. 

In order to determine whether growth failure was 

associated with a decrease in energy intake and/or an increase 

in energy expenditure, we compared the energy intake of 

thriving and non thriving infants. The finding that energy 

intake met the recornrnended intake for age in thriving infants 

suggests that these infants do not have increased energy 

requirements. In contrast, infants with growth failure tended 

ta have an increase in mean energy intake compared ta the 

recornrnended energy intake for age, yet continued ta fail to 

thrive. These findings suggest that the metabolic dernands were 
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increased in these infants to account for their growth 

failure. Our results are consistent with the work of Kurzner 

et al. (1988) who observed elevated energy expenditure in BPD 

infants with growth failure compared ta BPD infants with 

normal growth (p< 0.005) and controis (p< 0.001). Furthermore, 

these investigators demonstrated a non significant trend 

toward increased overall intake in infants wi th growth failure 

compared to infants with normal growth. Because growth failure 

was not associated wi th decreased energy intake but wi th 

increased energy expendi ture, we examined whether the increase 

in metabolic dernands demonstrated in infants with growth 

failure was associated with oxidative stress . 

D. Oxidative stress status 

Oxidative stress in vivo can be assessed by the 

determination of degradation products of free radical injury 

or by the identification of depleted antioxidant defences. The 

former method needs to be controlled for degradation products 

which may have been generated during or after sampling, as 

opposed to in vivo. The latter approach may suggest oxidative 

stress among other possible causes of depletion, but does not 

by itself confirm the presence of oxidative str;ss. A 

combination of the two approaches provides stronger evidence 

in support of oxidative stress . 
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(i) oxidative in jury: Although all macromolecules may undergo 

peroxi~ative damage, recent emphasis has been on lipid 

peroxidation. This ls because polyunsatur ated fatty ac ids 

(PUFA) which are present in the phospholipids of cellular and 

subcellular membranes (Kneepkens et al, 1992) 1 are the main 

cellular targets for free radical attack Lipid peroxidation 

is a very destructive and self perpetuating chain reaction 

that can directly damaqe membranes and indirectly damage other 

cell cornponents by the production of reactive aldehydes 

(Cheesel"an and Slatter, 1993). In vivo, lipid peroxidation may 

be studied through the resulting degradation products­

conjugated dienes, lipid hydroperoxides, aldehydes and 

volatile hydrocarbons (Kneepkens et al, 1992). MDA is one cf 

several low-molecular weight end products forrned via the 

decomposition of certain prirnary and secondary lipid 

peroxidation products. 

The TBA (thio-barbituric acid) test has been widely used 

to measure MDA in biological sarnples. The method requires 

incubating samples containing TBA under acidic conditions at 

elevated temperatures and finally measuring the MDA-TBA 

product spectrophotornetrically at 532nm. However, this essay 

is subject to several flaws. TBA can react with ether 

endogenous compounds such as bilirubin and aldehydes other 

than MDA (Hageman et al, 1992). In addition, biological 

sarnples contain only a srnall amount of free MDA and in tests 
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where prolonged incubation is applied, the majority of MDA 

formed is by the decomposition of lipid hydroperoxides and 

further peroxidation during the heating stage of the assay 

itself (Holley and Cheeseman, 1993). Peroxide decomposition 

produces radicals that can start peroxidation of other lipid 

moleculcs during the essay, amplifying the response. The 

greater the lipid content of the biological sample tested, the 

greater the TBA reactivity due to the amplification during the 

test. It has been concluded that this assay is not specifie to 

MDA (Hermann and Cheeseman, 1990). 

Recently, modifications in the preparation of biologie 

samples and in the HPLC measurement of MDA have improved the 

specificity, recovery, reliability and reproducibility of this 

essay (Lepage et al, 1991). 

Although a number of sensitive analytical methods exist 

for the unambiguous isolat 1.on and direct quantification of 

MDA, several important considerations must be taken into 

account when considering MDA as an index of lipid 

peroxidation. First, MDA yield as a result of lipid 

peroxidation varies with the nature of PUFA peroxidized 

depending upon i ts deqree of unsaturation. Second, only 

certain lipid oxidation products decompose ta yield MDA. 

Third, MDA i5 only one of several aldehydic end products of 

fatty peroxide formation and decomposition. Fourth, the 
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peroxiddtion environment influences both the formatlon of 

lipid-derived MOA precursors and their decornposition ta MOA. 

Fifth, MDA is not only forrned during the peroxidation of 

lipids. The deoxyribose of ONA, several other carbohydrates 

and a number of amine acids release HDA when reacting with 

oxygen radicals (Janero, 1990). 

Therefore, utilizaton of MOA analysis and/or the TBA test 

and interpretation of sample MOA content and TBA test response 

in studies of lipid peroxidtion require caution and 

correlative data from other indices of fatty peroxide 

formation and decomposition (Janero, 1990) . 

At present, there are no standards for MOA concentrations 

in the normal pediatric population. A control group could not 

be recruited for the purpose of comparison of oxidative stress 

markers because of the limited access to normal infants for 

research purposes. Mean (± SEM) plasma MOA levels in adults 

are 55 ± 3 nM/1 (Lepage et al, 1993) and older pediatric 

patients 69.1 ± 2.6 nM/l (Lepage et al, 1991). Compared to 

these levels, almost aIl BPO infants showed increased lipid 

peroxidation. One explanation for this phenomenon is that the 

antioxidant system in these premature infants is insufficient 

to protect against normal free radical activity (Frank and 

Sosenko, 1987). Another explanation may be that lipid 

peroxidation occurs due to an ongoing inflammatory process in 
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the lungs which would generate free oxygen radicals. 

Alternatively, these levels may be part of the physiological 

processes which rnaintain the normal turnover rate of membranes 

and cells in growing infants. 

MDA may be generated by oxidative injury to non lipid 

molecules (such as protein, DNA) however, it is usually the 

result of lipid peroxidation of PUFA via one of two 

mechanisms. It is the end product of nonenzymatic 

metabolically uncoupled PUFA oxidative degradation. It may 

also be a side product of enzymatic eicosanoid formation, 

prostaglandins and thromboxanes via cyclooygenase, and then 

thrornboxane synthase (Janero, 1990). Because the MDA content 

of a sample per se cannot give qualitative or quantitative 

information on the precise molecular nature of the MDA 

precursor or their origin (Janero, 1990), the MDA levels of 

our subjects may be a consequence of either the non enzymatic 

lipid peroxidation of PUFA or eicosanoid formation through the 

enzymatic pathway. 

(ii) antioxidant depletion: Low levels of sorne antioxidants, 

such as vitarnin A, E, selenium, etc, may reflect paor 

nutritional status and either decreased intake or 

malabsarptian af the substance, rather than depletion from 

oxidative stress. Hawever, the antiaxidant system utilizing 

glutathione is an interesting model. Nearly aIl of the 
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glutathione in red blood cells is present in the reduced form 

GSH, which does not readily cross the membranes of the 

erythrocytes (Jackson, 1986). However, during antioxidant 

defence, GSH is oxidized to GSSG, which must then be rereduced 

to GSH. During oxidative stress, the production of oxidized 

glutathione (GSSG) is increased relative to its rate of 

reduction back to GSH. Unlike GSH, GSSG i5 actively 

transported out of the red cell. A low RBC GSH may, therefore, 

be the result of a relative increase in the red cell content 

of GSSG and it's active removal from the cell. Hence, low 

levels of GSH or increased levels of GSSG can serve as markers 

of oxidative stress . 

There are no standards for glutathione in the normal 

pediatrie population. The red cells of normal adults contain 

6.57 ± 1. 04 umoles of glutathione per gram of hemog lobin 

(mean ± SD) (Beutler et al, 1963). Based on this, four 

subjects with failure to thrive had low glutathione levels 

compared to two thriving infants. One of the til/O thriving 

infants with low glutathione levels, was the youngest subject 

studied (4 months corrected age). Because glutathi~ne levels 

may be deficient at birth, the decreased level of glutathione 

in this subject may possibly be attributed to an age effect 

rather th an oxidative in jury. 

Possible confounding factors were considered. These 
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included corrected age, gestational age, oxygen 

supplementation and energy intake. Although significant 

differences in corrected age were noted between the two 

groups, the absence of an association between corrected age 

and oxldative stress markers rules out corrected age as a 

confounding variable. Gestational age and birth weight are 

potential confounding variables. The expression of 

antioxidants, specifically glutathione peroxidase, is 

dependent on age as has been demonstrated in a number of 

studies using animal models (Frank and Sosenko, 1987a,1987b). 

With regard to MDA, Schlenzig et al. (1993) demonstrated small 

but significant correlations between MDA and gestational age 

(r=-O.33i p=O.0002) and birth weight (r=-O.32; p=O.0003) . 

Significant differences between gestational age and birth 

weight were not noted between the two groups in t.his study and 

therefore, these variables were not expected to affect our 

results. Because energy intake was positively correlated with 

glutathione, we thought that the tendency to increased energy 

intake in failing to thrive infants compared to thriving 

infants may have masked any differences in red cell GSG levels 

bstween the two groups. Therefore, we examined the possibility 

of energy intake as a negati ve confounding variable. The 

comparable values in glutathione levels between the two groups 

after controlllng for energy lntake ruled out this 

possibility. In addition, because it has been demonstrated 

that oxygen-treated neonates exhibited significantly hlgher 
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MDA leveis than those without supplementary oxygen (Schienzig 

et al, 1993), we controlled for this confounding factor by 

excluding infants on supplemental oxygen from the analysis. 

MDA and GSH levels, however, remained comparable. 

Oxidative stress, therefore, did not account for the 

differences in energy requirments between thriving and non 

thri ving infants. Perhaps, these infants have ineff icient 

substrate utilization which may account for their increased 

energy requirements. 

Several cautions/ limitations must be taken into 

consideration when interpreting the results of our study. A 

selection bias is observed in the relatively oider age ot our 

sUbjects compared to the clinic population and the nutritional 

intervention received by the infants in the clinic. An 

important limitation to consider when interpreting the results 

of our study on oxidati ve stress is the sample size. The 

sample size for oxidative stress could not be calculated prior 

to the study. While most infants had elevated MDA, the sample 

slze may not have been ùdequate to detect differences in the 

oxidative stress marker glutathione. The sample size of this 

study was based on detecting a 25% difference in energy 

expenditure and not on a difference in oxidative stress 

because there were no data on which to make comparisons. 'l'he 

absence of an age matched control group renders comparison 
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between BPD infants and controls with respect to oxidative 

stress measurements difficult. Hence, normal values of plasma 

MOA and red cell glutathione in the pediatrie population must 

be determined. Given the above limitations, extrapolation of 

our findings to the general BPD population must be applied 

with caution but this area of investigation cIearIy warrants 

further study . 
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SECTION SEVEN CONCLUSION 

The present study which took place between August 1993 

and January 1994 was undertaken to examine three objectives. 

First, to determine the prevalence of growth failure in BPD 

patients followed at the out-patient clinics at the MCH. The 

descriptive study revealed that the prevalence of growth 

failure ranged between 45% and 55%. Second, we set out to 

determine whether growth failure is associated with either 

po or nutritional intake, increased energy expenditure or both. 

Results from the sample study indicated that infants with 

growth failure had energy intakes in excess of normal 

requirements while thriving infants had normal intakes. 

Therefore 1 growth failure in BPD infants was not associated 

with decreased energy intake but with increased energy 

expendit\lre. Third 1 we wished to examine whether ongoing 

oxidative stress exists in the BPD population and whether 

significant differences in oxidative stress markers exist 

between failing to thrive and thriving infants to explain the 

difference in energy requirements. Almost aIl infants in both 

groups exhibited elevated MDA levels compared to adult 

controis suggesting increased I ipid peroxidation. When we 

compared glutathione levels to adul t controls, four out of 

nine failing to thrive subjects showed decrea~ed glutathione 

levels compared ta two out of six thriving infants indicating 
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a depletion of this antioxidant. Larger numbers of sUbjects 

would need to be studied to determine if this finding is 

important. Signifieant differences in plasma MDA and red cell 

glutathione were not detected between the two groups. These 

are the first values of plasma MDA and red cell glutathione to 

be reported for the infant pediatrie population. Therefore, we 

couid not rule out whether this generation of MDA (Iipid 

peroxidation) was due to BPD or simply to the age of our 

subjects. 

Future studies must address whether oxidati ve stress 

exists in the relatively oider BPD population (beyond 4 months 

of age) and to determine the cause of the elevated V02 in BPD 

infants . 
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