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ABSTRACT 

* .  rectrves: To describe growth patterns and to determine factors that are associated with 

postneonatal gmwth in VLBW infants fiom Southem Alberta. 

udv sa- Five hundred and fourteen VLB W infants born between 1977-1992 were 

selected fiom the Alberta Children's Hospital Periaatal Follow-Up Program data base. 

&&&& Growth measurements of length and weight were obtained at 4, 8, 12, 18, and 

36 months adjusted age. The growth level of VLBW was compared with the National 

Center for Health Statistics (NCHS)/WHO and the Canadian growth references. 

Demographic and p e ~ a t a l  factors were examined for their potential relationship to 

postneonatal growth using mixed eEects models. The factors that were predictive of 

subnorrnai growth were detennined using a generalized estimating equation approach. 

Resulrs= 

1. The mean growth level of VLBW infaats remained significantly lower than those of 

references. Catch-up growth occurred during infancy for length compared to either 

the NCHS/WHO or the Canadian refc-rence. For weight, no catch-up was found in the 

first year cornpared to the N C H S M O  reference while catch-up gowth was found 

compared to the Canadian reference. 

2. Mixed effects models revealed that various factors were associated with postneonatal 

growth in VLBW infants. The factors that were positively associated with body 

Length were: larger birth weight, taller mid-parental height, and male gender. The 



factors that were negatively associated with body length were the presence of 

bronchopulmonary dysplasia (BPD), cerebrd pdsy (CP) and necrotking enterocolitis, 

young maternal age, and longer gestational age given birth weight. Except for the 

presence of CP that was not signincantly associated with body weight, ail other 

variables had the same direction of association with body weight as they did with 

length. 

3. Mid-parental height, birth weight, gestationai age, maternai age and necrotinng 

enterocolitis were found to be predictive of s u b n o d  length, and mid-parental 

height, birth weight, gestational age, maternal age and BPD to be predictive of 

subnormal weight. 

nclusions: Models were developed describing detailed associations between perinatal 

and parental factors and VLBW infants growth in length and weight. Variables with 

signifkant impacts on length or weight are biah weight, mid-parental height, gestational 

age, matemal age CP, BPD, NEC and gender. 
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CHAPTER ONE: BREF OVERVIEW OF THE STUDY 

1.1 INTRODUCTION TO THE RESEARCH PROBLEMS 

Very low birth weight (VLBW) infants are infants who weigh less than 1,500 gram 

at birth. Reports fkom several countries show that children with VLB W ofien grow poorly 

in early ~hildhood,'~~ but the growth patterns of VLB W infants have not been well 

described. Findings on the growth outcomes in VLBW infants in the literature vary. 

4.7. I O  Some studies have s h o w  that there is no or little catch-up growth, while others have 

found some catch-up growthl" or satisfactory catch-up gmwth." Lack of understanding 

of normal growth patterns of very low birth weight (VLBW) infants makes it difficult to 

assess an individual or a group of individuals' growth status among this population and to 

provide nutritional or anticipatory guidance for parents. 

In order to assess the growth status of VLBW infants, it is important to select an 

appropriate growth reference which represents the "optimal" growth of the population. 

Several gowth references are now a~ailable."~~ Although the National Center for Health 

Statistics growth reference, referred as the NCHS/WHO reference, has been used widely 

in the literature, the validity of this reference has been questioned.14 It is unknown 

whether different growth outcomes would be obtained if different growth references were 

used for the same individud and the same group of individuals of VLB W infants. Since 

most VLBW infants are premature at birth with gestation less than 37 weeks, age 

adjustrnent for prematurity is crucial in the assessment of theu growth. Very few studies 
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have explored the necessary period of age adjustment for prematurity in VLB W 

infants. ' 1 ~ ' 5  

Various factors may influence the postneonatai growth of VLBW infants; such as 1) 

the maturity and growth status at birth which c m  be stated in terms of birthweight, 

gestational age and intrauterine growth retardation(1UGR); 2) Perinatal clinicai 

conditions: bronchopulmonary dysplasia, necrotking enterocolitis, cerebrai paisy, 

hypertension during pregnancy, and maternai smoking; 3) sociai economical factors: 

matemal education and family social economical status; 4) genetic background: mid- 

parental height and maternai race; and 5) feeding practices and feeding problems. The 

understanding of the association between these factors and postneonatd growth is 

important for assessing, predicting and preventing growth problems in VLBW infants. 

However, the associations between those factors and postneonatal growth in VLBW 

infants have not been well described. Studies in the Iiterature suffer fiom several 

methodological problems, such as 1) long tirne intervals between repeated 

measurements, 2-4,6.16-19 3) andyzing longitudinal data with cross-sectionai statistical 

rneth~ds,' '~'~ and 3) srnail sample si~ez'*~. 

1.2 RESOURCES FOR THE PRESENT STUDY 

Longitudinal growth data have b e n  collected in the Alberta Children's Hospital 

( ACH) Perinatal Follow-Up Program for two decades, providing a unique opportunity to 

study the growth patterns and detednants of growth in VLBW infants. The growth data 
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fiom the ACH Perinatal Foiiow-Up Program are population-based in Southern Alberta. 

Since infants were routinely mesisured 5 times during 4 and 36 month adjusted ages, the 

change of growth status over time and the factors that rnight affect the change could be 

investigated. 

The statistical analysis of longitudinal data presents speciai opprtunities and 

challenges. Longitudinal growth data tend to have the foliowing characteristics: a) The 

serial growth measurements w i t b  an individud are ükely to be correlated with each 

other; b) the measurements are unequally spaced; and c) missing data and attrition are 

unavoidable. Because of these characteristics of the follow-up grcwth data, standard 

multivariate procedures are usuaily not applicable to the population-based longitudinal 

growth dak2" Modelling methods for longitudinal data have recently become available 

to researchers. 26-30 

1.3 STUDY OBJECTIVES 

The objectives of this study were to describe the postneonatal growth patterns of 

VLB W infants and to identify the determinants of growth in VLBW infants. To fulfill the 

objectives, attempts were made to answer the foIlowing questions: 1) How do the growth 

levels of VLBW infants, relative to the growth references, change during infancy? 2) 

How does the prevalence of subnormai growth change during infancy (increase or 

decrease)? 3) Do the growth levels and the change of the growth levels depend on the 

perinatal and social environmental characteristics of infants? 4) What factors are 
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associated with the growth Ievels and the change of growth Ievels? 5) What are the 

expected growth Levels of VLBW infants fiee fiom adverse clinical conditions? and 6) 

Who will be more Iikely to be "subnormai" in growth? 

1.4 STUDY SAMPLE 

The longitudinal growth data of 5 14 VLBW infants was analyzed in this study. The 

study sample were selected fiom 1007 infants who were bom during January 1977 and 

May 1992, weighed 1250 grams or less at birth and suMved to discharge from NICU. To 

be consistent with the current cutoff point in the ACH perinatal follow-up program, the 

birth weight of 1250 grams was used to define VLBW in this study. The infants were 

routinely followed up at 4+1,8+1, 1E2, 18+3, and 36k6 months of adjusted age. Only 

infants with four or five of five sets of the foliow-up growth measurements were included 

in this study. Infants with noticeable congenitai anomalies were excluded. Compared with 

infants who were not included in this study, the infants of the study sample represent 

those with lower birth weight, shorter gestational age, and more fiequent adverse clinicat 

conditions. Mothers of the infants in the study sample appeared to be older with higher 

education and social economic status (SES) than mothers of infants who were not 

selected. 



1.5 STATISTICAL ANALYSIS 

The growth measurements were compared with three growth references: the 

NCHSIWHO, the Canadian, and the growth reference for breast fed infants. Three 

modeIliag procedures, (1) mixed effects models, (2) the Generalized estimating equations 

(GEE) approach and (3) logistic regressions, were conducted to assess the associations 

berneen potential factors and postneonatai growth. 

1.6 MAJORFWWGS 

The average growth levels of VLBW infants were found to be substantiaiiy lower 

than the median of reference data. Growth statu of VLB W infmts in both !en& and 

weight improved with age during infancy when compared with the Canadian reference. 

Catch-up growth in VLB W infants was found for both Iength and weight relative to the 

Canadian reference. When compared with the NCHSfWHû reference, catch-up growth 

was found for length but not for weight in the first year of life. Aithough a trend to catch- 

up was found, the average growth IeveIs of VLB W infants remained significmtly lower 

than tbe median of reference data by the end of the observation. 

Various factors were found to be associated with postneoiiatd growth by fitting 

mixed effects models to growth parameters in this population. The presence of some 

adverse clinical conditions had negative impacts on the postneonatal growth. BPD, NEC 

and CP were found to be associated with length, and BPD and NEC with weight. Birth 

weight, gestational age, mid-parental height, gender and materual age were aiso 
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associated with posmeonatal growth in both weight and length. Larger birth weight 

infants remained longer and heavier during inf'ancy than infants with a lower birth weight, 

but the difference in length between infants of different birth weights became smaller 

because lower birth weight infants showed slightly faster growth than larger birth weight 

infants. infants with longer gestationai age appeared to be shorter and lighter than infants 

with shorter gestationai age. Since bicth weight was included in the model, the gestational 

age here was an indicator of intrauterine growth status rather than a merisurement of the 

maturation of neonates. For the sanie birth weight infants, the longer the gestational age 

was, the more severe was the intrauterine growth retardation (IUGR). The infants of taller 

parents were not substantially longer and heavier than the infants of shorter parents at 

early months of life, but they grew much faster than infants of shorter parents. The infants 

of mothers who were 20 years old or younger were shorter and lighter, and grew slower 

than infants of mothers older than 20 years of age. Even for infants who were free fiom 

BPD, NEC and CP; five perinatd characteristics, birth weight, gestational age, gender, 

mid-parental height and maternai age, were important predictors of the postneonatai 

growth in VLBW infants. 

Some factors such as intrauterine growth retardation (IUGR) and body 

proportionality which were found to be associated with growth statu in the preliminary 

analysis were not associated significantiy with postneonatal growth in the mixed effects 

growth models. Tt may be due to the fact that the information provided by iUGR and 

body propoaionaiity have been captured by including biah weight and gestational age in 
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the models. The diagnosis of rUGR is based on the birth weight and gestational age of 

infants. The body proportionality of neonates was foimd to be associated with the severity 

of TCTGR. Given birth weight and gestationai age, including either indicators of KJGR and 

body proportionality did not provide extra predictive values for postneonatal growth in 

VLBW ùifants. 

The factors reiated to subnormal growth were identüïed using the GEE approach and 

logistic regressions. Mid-parental height, birth weight, gestational age, materna1 age and 

necrotizing enterocolitis were found to be predictive of subnormai length, and mid- 

parental height, birth weight, gestationai age, maternai age and BPD to be predictive of 

subnormai weight. The predictive value of necrotizing enterocolitis for subnormai length 

decreased, and the predictive value of mid-parentai height for subnormal weight 

increased as infants grew. 

1.7 IMPLICATIONS 

The growth patterns descnbed in this study are heipfu! to health professionals in 

understanding the growth process of VLB W infants. Growth models established in this 

study can be used as a tool to predict growth status of VLBW infants with specific 

characteristics. Predicted values may serve as a reference for growth assessrnent of 

VLBW infants. 

Findigs on the differences in growth outcornes if different references are applied to 

the same population wams health professionais that the growth references being used 
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may influence the estirnateci growth outcoines. The necessity for developing an 

appropriate growth reference for VLB W infants is suggested. 

Findhgs on the determinants of growth in this study have important implications for 

preventing occurrence of subnormal growth in VLB W infants. Different analytic 

approaches have been used for the present study. The modelling procedures for 

Longitudinal data have been s h o w  to be powertiil statistical techniques for analyzing 

follow-up growth data. 



2.1.1 Tems in classification of binh weight and gestational age3 ' 
Low birth weight: birth weightc2500 gram 

Very low birth weight: birth weight 4 5 0 0  gram 

Extremely iow birth weight: birth weight <LOO0 grams 

Pteterm bùth: gestational age ~ 3 7  weeks 

Very preterm birth: gestational age < 32 weeks 

2.1.2 Intrauterine growth status 

It is now clear that the determinants of poor fetai growth dBer fiom those of 

preterm delivery. 1 IJ2-35 intrauterine growth impaired infants are more likely to have other 

adverse consequences in uifmcy and ctiildhood in terms of mortality, morbidity, and poor 

growth than unimpaired infants 8.1 1,2336-39 Therefore, it is important to distinguish the 

different intrauterine growth patterns of VLBW infants. The body size at birth is 

determined by two factors: gestation and average intrauterine growth rate. Various 

definitions have been used to describe intrauterine gmwth statu.' ' Infants with poor 

htrauterine growth have been referred to as small for gestational age (SGA) or as having 
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intrauterine growth retardation or intrauterine growth restriction WGR) by different 

ways : 

Birth weight below 10th percentile of intrauterine growth refereace ~ ~ î u 6 . 4 0 - ~ 5  

Birth weight below -2SD relative to the intrauterine growth reference mean or 

8.46-5 1 median. or birth weight below the 3rd percentile." 

Fetal growth ratio (FGR) less than 0.85. 32,41,55 

These cut-off points are arbitrary. While the 10th percentile is s i d a r  to 0.85 FGR (9th 

percentile) for t e m  infants, the -2SD criterion is more stringent. The former is important 

as a screen for neonatai problems, and the later is important to identiQ those who need to 

be most closely observed and f o ~ o w e d ~ ~ .  Regardless of which cutoff point is used, the 

classification of a newborn as SGA may have implications for diagnosis, prognosis, 

surveillance and treatment. 

Many investigators have proposed growth reference data for the assessrnent of fetal 

growth by chicians, public health practitioners, and researchers. 45.5 1,5448 Perhaps the 

most widely used reference is that of Lubchenco et al?' which is derived fiom a single 

hospitd and constructed for weights, lengths and Ponderal indices of Iiveborn Caucasian 

infants of white and Hispanic mothers of predominantly low socio-economic status living 

at moderately hi& altitude near Denver, Colorado, USA. Gestational ages are based on 

the last n o m d  menstrual period (LMP). Despite the recognition that the Lubchenco 

curves are considerably lower than other references because of the low socioeconomic 

status of the reference sarnple and the fetai growth-restricting effect of high altitude, they 
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continue to be used by many clinicians and researchers. Usher and McLean based their 

teference curves on Livebom, singleton, white iafants at a single hospital in Montreai, 

Canada. Gestationai age to the nearest week was estimated on the basis of LW.'' A 

more recent birth weight reference has k e n  published based on the birth weights of over 

one million births in Canada from 1986 to 1988.s9.60 Gestational a g a  in completed weeks 

were reporteci by mothers or by the attending physicians, and thus reflect ultrasound and 

other obstetric estimates as well as LMP. This is the most recent birth weight reference, 

but there are irregularities in extreme percentiles at low gestational ages because no 

smoothing technique was used.j9 Despite the many differences in calendar thes ,  

population characteristics, and methods of estimating gestational age, the similarities 

arnong the various references are more striking than their difference~.~' Birth weights in 

the ment   anad di an^^,^^ reference do not exceed those of the other references until tem. 

Reeently, Robertson et alb2 have developed a local hauterine growth reference based on 

birth weight data fiom 1985-1995 in the province of Alberta, Canada. This reference 

ptrhaps is the most appropriate one for assessing himuterine growth of newboms in the 

province of Aiberta because the data were locally collected in the most recent years. 

The assessrnerit of intrauterine growth status is based on birth weights at given 

gestationai ages. Birth weight is a continuous variable- There are no dividing lines to 

separate newborns into distinct groups. To measure the severity of intrauterine growth 

retardation, Kramer et al. 32,4 IS3 classified SGA infants into three different groups 

according to the magnitude of fetal growth ratios (FGR), which conveys more 



information on the intrauterine growth status of newboms. Tenovuo et al. measured the 

severity of intrauterine growth retardation by the different petcentiles of birth weight 

given gestational age." 

The body size at birth Iike body sizes at any other times of life, is the cumulative 

resuit of the impacts of multiple factors. The diagnosis of SGA is based on an arbitrary 

cut-off point on a continuous variable, the biah weight given gestational age. It may be 

hypothesized that, even within a group of AGA or SGA infants, the lower birth weight 

newborns rnight have been exposed to more adverse prenatal factors than those with 

higher birthweight. Therefore, actual birth weight given gestational age rather than 

cIass@ing infants into different groups may capture more information on etiology and 

prognosis of VLB W birth. Ushg mode1 procedures, birth weight given gestational age 

can be taken as a continuous variable. 

2.1.3 Body proportionality at birth 

Many authors consider intrauterine growth retardaiion to be a heterogeneous entity 

comprising two distinct patterns of growth in fetal body proportions 42,44.53,64-69 - 

symmetric (proportionate) and asymmetric (non-proportionate). Different approaches 

have been used in the Iiterature to define asyrnmetric retardation. The most commonly 

used of these is based on Rohrer's ponderal index. 42,44,53,64-69 Newboms with a ponderal 

index less than a cut-off point, usually the 10th percentile of the reference, are considered 

as 'basymmetric." The body proportionality at birth may capture idormation about the 
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timing of growth retardation as weU as the nutritionai status of newbom. Symmetric 

retardation is believed to resdt IÏom factors present throughout the pregnancy. 

Asymmetric retardation is belïeved to arise in the third trimester. Findings on the 

association between body proportionaiity and postneonatal outcomes are inconsistent. 

Some researchers find a higher rnortalïty and morbidity in the symmetric group, 70-73 

while others find the asymmetric group to be at greater ri~k."'~ Some studies show tbat 

classification of symmetrically or asymmetrically growth retarded using the neonatal 

ponderal index has no prognostic ~ igni f icance .~~,~~ For the outcomes of gmwth, 

asymrnetrically retarded infants were found to have a more favorable growth outcome 

than those who are symmetrically retarded by some researchers. 42.46.n Contrary to the 

general belief, Kramer et al.13 report that proportionaiity is associated with the severity of 

intrauterine growth retardation in newboms, and that asymmetric iUGR infants tend to be 

more severely growth retarded than their symrnemc counterparts. Once the severity of 

retardation has been controiled, the body proportiondity appears to be of little if any 

etiologic4 or prognostic 

However, the association between body proportion and severity of MGR in VLBW 

is still not clear. If body proportionaiity is associated with the severity of IUGR, it may 

still be a valuable indicator for the postneonatai prognosis, especially when gestational 

age is not available and the severity of rOGR c m  not be assessed. It is aiso interesting to 

know if body proportionaiity c m  provide extra information for growth prognosis in 

VLB W infants given the severity of IUGR. 



2.2.1 Growth references 

A growth "reference" and a bcstandard" are different6' A growih reference is defined 

as a tool for gmuping and anaiyzing data and provides a cornmon basis for comparing 

growth status among populations; no inferences should be made about the meaning of 

observed differences. A standard, on the other hand, embraces the notion of a n o m  or 

desirable target, and thuç involves a value judgment6'. To assess the gmwth status and to 

identiQ subnormai growth of VLBW infants in c l in id  settings, a growth reference 

which can be taken as a "standard" representing the optimal growth of VLBW infants is 

required. Various ssts of reference data for height and weight have been developed. 12.79-87 

The differences in g r o h  references h m  different populations have been realized in the 

literature. 12.61.84.88-91 A WHO working group92 stated that "for practicai purposes they (the 

differences) are not considered Iarge enough to invalidate the generai use of the NCHS 

(National Centers for Heaith Statistics) population both as reference and a standard." 

However, there is no study to vaiidate this statement in VLBW infants. The American 

NCHS chart, adopted for international use by WHO is referred to as the NCHSiWHO 

growth reference in this study. 

The proper assessrnent of growth can lead to an appropriate action to irnprove heaith 

and nutritional status in VLB W infants. Growth charts are an essentiai tool in die 

surveillance of infants growth. 86,89,93 Among several growth references which are 
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available to health professionai workers and parents, the NCHSIWHO growth 

reference 85.94-96 perhaps is the most widely used reference even though the WHO expert 

committee pointed out concems that the current NCHSIWHO reference is inadequate and 

therefore recommended the development of a new reference for infants!' Based on data 

of seven studies fiom 6 devetoped countries, a growth reference for breast-fed infants has 

6 1.97 been developed recently. For assessing growth of Canadian infants, Guo et al," have 

developed a prowth reference based on longitudinal data of Canadian infants. Growth 

data were collected in two cities, Montreal and c or ont o.'^^^ The Canadian reference data 

were collected in 1977 and 1978 while the NCHSIWHO reference data for infants were 

collected between 1929 and 1975.~' Some efforts have been made to establish growth 

references for specific goups of infants or conditional growth references. Growth 

references for low birth weight (LBW) infants were developed based on growth data of 

LBW infimts. 7.99.100 However, the application of these references may be limited without 

clear understanding of normal growth pattern of LB W infants. It is not clear which 

reference should be used for assessing growth of VLB W infants in Canada. By using 

different growth references to assess growth status of VLBW infants, couid we get 

substantial differences in the assessed growth outcomes in VLBW infants? I f  there are 

differences in growth outcomes detemiined using different references, the selection of an 

appropriate growth reference is important in the growth assessment in both clinicai 

settings and community based surveillance. 
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Some growth references in which certain characteristics are taken into account have 

been developed, such as parent-height specific references 83.L01.102 , disease-specific 

,haas 103- 1 O6 , and a multifactorai growth modelLo7. Parent-height specific references are 

important to distinguish infants of geneticaiiy smal1 size fiom those of non-genetically 

(illness or malnutrition) smaii size. Disease-specifïc references and multifactorai growth 

models are usefd for predicting fiiture growth and identifjing secondary growth 

retardation. 

2.2.2 Expression of Growth measurements 

Three different systems are commoniy used to express the growth status of an 

individuai or population: Z-scores, percentiles, and percent of median values. 

The Z-score system expresses an anthropometric value as a nurnber of standard 

deviations below or above the reference mean or median value. 

Z-score or SD score= [(Observed value)-(Median reference vaiue)]/(SD of reference 

population) 

A fixed Z-score interval impiies a fixed height or weight difference for children of a 

given age. A major advantage of this system is that, for population-based applications, it 

allows the mean and standard deviation to be calculated for a group of Z-scores. 

A percentile refen to the rank position of an individual on a given reference 

distribution. It means what percentage of the group equals or exceeds the growth level of 

this individual. Percentiles are commonly used in clinical settings because their 
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interpretations are straightforward. However, statisticai calculations, such as means and 

standard deviations, are inappropriate for percentiie values since the same unit in 

percentile corresponds to different growth measurement at different part of the 

distribution. Towards the extremes of the reference distribution a little change in 

percentile values means a substantial change in weight or length status. 

Anthropometric meaçurements c m  also be expressed as  a percentage of the median 

value of a reference, which is the ratio of a measured value of an individual to the median 

value of the reference data, expressed as a percentage. This is the only approach that c m  

be used when only the median value of the reference is available and the distribution of 

the reference population is unknown. The main disadvantage of this system is the lack of 

correspondence with a fmed point of the distribution across age. For example, depending 

on the child's age, 80% of median weight for age might be above or below -2 Z-score. in 

terms of health, this would result in different ciassification of risk. 

The advantage and lirnits of three reporting systerns have been sumrnar i~ed~ ' .~~  The 

Z-score system 1) adheres to the reference distribution; 2) perrnits summary statistics; 3) 

allows uniform criteria across indices; and 4) is useful for detection of changes at 

extremes of the distributions. 61,108 Also, if the distribution of reference values follows a 

normal distribution, percentiles and Z-scores are related through a mathematical 

transformation. The commonly used -3, -2, and -1 Z-scores are, respectively the 0.13th, 

2.28th, and 158th percentiles. It can be seen that the 3rd percentile and the -2 Z-score are 

very close to each other. Because of the strengths above, the Z-score system is preferred 
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for analysis and presentation. For population-based assessment, the WHO expert 

cornmittee recommended two ways to report the anthropometry-based result~.~' One is 

the commonly used cut-off-based prevalcnce. The other is the m a r y  statistics of the 

Z-score - mean, rnedian and SD. 

2.2.3 Reporthg popdation growth outcornes 

2.2-3.1 Prevalence reporting 

To estimate the proportion of those who might be considered to have poor growth, it is 

conventional CO use cut-off points to d e h e  subnormal growth. In previous studies in the 

literature, different cut-off points have been used: 3rd centile,'" 5th centile, 1.4.1 10 l0rh 

170 III centik, ' ' and mean minus 2SD or 2-score of -2. 8.46.47.1 12 The cut-off should be chosen 

at the point most appropriate for the particular purpose in view and the growth reference 

being used. More chiidren will be considered at risk by using the 10th percentile as the cut- 

off point than the 3rd, 5th and -2 Z-score, kvhich may be important for screening purposes. 

In general, subnormal growth is statistically defmed as a growth measurement value bdow - 
2 standard deviations or 2-scores <-2 .6' The use of -2 Z-score as a cut-off ensures h a t  

2.3% of the reference population will be classified as having "subnormai" growth. 

Therefore, 2.3% can be regarded as a baseline or expected prevalence. It should be noted 

that this does not ûuly define the "normal" range fiom the point of Mew of heaith and 

nutrition; rather, it should be used as a guide to facilitate cIinical screening or population- 
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based surveillance. For this reason, proper assessrnent of the prevaience of a condition 

requires the subtraction of the basehe prevalence fiom the observed prevaience. 

2.2.3.2 Mean 2-score based reporthg 

The growth status of a population can also be expressed by the mean and SD of Z- 

scores. AIthough this repurting is less commonly used, it has the advantage of describing 

the nutritional status of the entire population directly, without resorting to a subset of 

individuals below a cut-off. The mean Z-score signincantly lower than zero usuaily 

means that the entire dismbution has shifted downward, suggesting a larger proportion of 

infants than expected have been Sected. Plotting the entire distribution of Z-scores 

against the reference distribution is helpfid in representing the nutritionai status of a 

p~puiation.~' 

For assessing the change of growth status in VLBW infants, mean Z-scores can be 

compared among different age groups. This property is useful for exploring the 

important concept of catch-up growth in VLBW infants. 

2.2.4 Age adjustment for prematurity 

Recent studies assessing growth of preterm infants have utilized age adjusted for 

prernaturity. 1-4.6-8.10.40.I 11.1 13 It appears to be an intuitively correct concept. Alttiough it is a 

cornmon practice, there are few studies to assess the necessary period of age adjustment 
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and what ciifference the adjustrnent will make in the assessrnent of growth outcomes in 

VLB W infants. ~rand t "  studied appropriate for gestational age (AGA) infants, most of 

whom had birthweight -4 500 grams, in Germany. She concluded that the age adjustrnent 

for prematurity became unnecessary d e r  24 months of age for weight and 3.5 years for 

length. Karniski et al. reported that different growth patterns couid be obtained ifage was 

unadjusted.1°  KI a recent study, E h a n  et a1.I5 reported that the correction for gestational 

age continued to make a dserence in the height SD score (Z-score) to the age of  seven 

years in very preterm babies with birth weight 2000 g or Less. 

2.3 GROWTH IN VLB W INFANTS 

2.3. i Short term postnatal growth in very low birth weight infants 

Lack of understanding of the normal growth patterns in very Low birth weight 

(VLBW) iafants makes it difficult to assess an individual or a group of individuals' 

growth status among this population. For short term growth, considerable emphasis has 

been placed on the growth of the fetus in utero as a standard reference to assess the 

postnatal growth in VLBW preterm infants. 114.1 15 There are no smcient biologicai 

reasons for supposing that the extra-uterine growth is the sarne as the fetus' normal 

growth in utero.' l6 New born infants are in a totally different environment fkom the fetus 

in utero. Few studies focus on directly comparing short term postnatal growth patterns 

with intrauterine growth cuves. Brandt compared the postnatal growth of preterm 

infants with six different intrauterine growth references, and found that the postnatal 
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growth measurements in both weight and length are lower than any of those intrauterine 

growth references. ' l 
Several efforts have been made to describe the growth of VLB W infants and 

117-122 establish growth grids for VLB W infants. The postnatal weight growth patterns in 

VLB W infants in the f5rst month of Iife, described in these studies, are different &om 

intrauterine growth pattern. 16.45.5 1 An initial period of weight loss occurs before a period 

of weight gain. Bauer et ai. 123 fouud that such weight loss was due to loss of total water 

but that loss of lean body tissue did not occur. The maximum weight loss occurred at 

about 1 week of life (range fiom 3 to 9 days). There are ciifferences in the amount of 

weight loss in different studies, ranging fiom 6.4 to 14.5 percent of birth weight, Some 

studies showed that the postnatal weight loss depended on the birthweight, that the 

infants with lower birth weight had higher percentage of weight loss 117-1 19.12 . No 

particular patterns of weight loss have been found in other studies. 120.121 After reaching 

minimum weight, body weight increased and the birthweight was usually regained at 

about 2 weeks. Differences in postnatal weight change among those studies may be due 

to the different characteristics of study sarnples. Since the optimal growth of VLBW 

infants before term is still unknown, the postnatal growth curves reported in previous 

studies can only serve as a description of growth in VLB W infants with specific 

characteristics rather than as a "standard" to identiQ growth problems. However, those 

curves may be helpful to identiQ those with severe growth retardation and who need to 

be paid speciai attention to their growth statu. 



2.3.2 Long tenn postneonatal growth in very Iow birth weight infànts 

M e r  term (40 weeks postneonatal gestational age), the growth status in VLBW 

infants cari be assessed by cornparhg their growth with a reference of normal t e m  

infants. The growth of norrnai term Ùifants has been taken as optimal growth for VLBW 

infants. These growth references c m  be established based on growth data of normal term 

infants fiom local geographic area (Iocal growth references) or established based on 

infants who are considered to live in optimal living conditions (international growth 

references). An important issue on the growth of VLB W infants is whether those infants 

show catch-up growth during infancy . 

Catch-up growth in VLB W infants 

Catch-up growth is an important concept in describing the growth status of VLB W 

infants. in a classic publication by Prader et catch-up growth was defined as foiiows: 

"at the end of a period of growth retardation ... the child grows more rapidly than usuai so 

that he catches up toward or ont0 his original growth c ~ r v e . " ' ~ ~  However. the individual 

original growth curve is usualIy unlaiown. in the literature on growth of low birth weight 

infants, some operational definitions of catch-up growth have been used based on the way 

of presenting and anaiysing growth data: 

The infant has "subnormai" gowth (<-2SD, 3rd 5th or 10th percentiles as a cut-off 

point) at birth or previous measures, and reaches the "nomai" range d e r  a period of 



significantly more rapid growth velocity than occurs in control or reference 

infants.~.a~w.i iz 

The average growth velocity of VLB W children during a certain period or at a certain 

point of t h e  is greater than that of normai term infants." 

The mean ciifferences in growth mea9mments between VLBW infants and normal term 

peers decreases during certain period. 1.40.109.I 12 

Also, the term "incomplete catch-up growth" is used to describe those who have some 

"acceleratiod' of growth &r birth but not reaching the expected percentile." At the 

population Ievel, the existence of catch-up growth will be considered if the prevalence of 

subnotmal growth ciecreases or the mean 2-score of a growth measurement increases with 

age. 

A pattern of diminishing numbers of infants betow certain cut-off points was found as 

VLB W children grew older in the d e s  observing the change of the prevalence of 

subnormai growth in length and weight241".110 Evidence of catch-up gowth was found in 

these studies. However, the findings fiom the studies observing the change in the average 

levels of growth distances or velocities in VLB W infànts are inconsistent. There are reports 

of no catch-up growth~.7q'0gP Kimble et ai. found that gmwth for VLB W infmts proceeded 

below, but roughly parallel to the mean of NCHS (National Center for Hedth Statistics) 

growth n o m  between 1 and 3 years of ageS4 Casey et al. reported M t  the growth Levels of 

VLB W infants were Lower than N C H S M O  growth reference and there were no 
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significant differences in weight growth velocity between VLB W and heavier birth weight 

infants in the first 3 years of lSe7. 

Therc are some reports of catch-up growth in VLBW infants- As in Binkin et al's study, 

children with lower birth weights appeared to undergo greater weight gain during the ljrst 2 

years of Life than those with heavier birth weights, although they remained shocter and 

tighter thereafter.'12 catch-up growth in length was found by Tammela between age of 6 

rnonths and 1 year, during which the mean standard deviation score of length was h m  -2 

SD to -1 SD.'~' Casey et al. also found that growth velocity for VLBW infants was 

significantly greater than that of heavier bisth weight infants at the age of 12 rnonths in 

length; while growth rates of head circderence were signincantiy lower than those of 

heavier birth weight infants, directly the opposite of what would be expected in catch-up 

g r o ~ t h . ~  Brandt reported that the AGA infants could catch up to terni infants in fïrst two 

months of adjusted age in weighf; tint 21 months in length.ll 

The discrepancies in previous studies rnight be, in part, attributable to the ciifferences in 

the methods of presenting and analyshg growth data. For example, in a study by Kitchen et 

al," the average annual increments in weight and height were computed during 3-year 

intervals between 2 and 5 years and 5 and 8 years. The growth rates for VLBW children 

were lower than those of normal birth weight children. Between 2 and 5 years, the 

differences were not statisticaiiy significant, but between 5 and 8 years, the VLBW children 

grew at sigaificantly Lower rates than did the normal birth weight children. It was suggested 

that "VLB W chiIdren as a group not only do not catch up to their normal-birth-weight peers 
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by 8 years, but dso may f d  M e r  behind between ages 5 and 8 years." However, in the 

same study, VLBW children with a weight or height under the 10th percentiie at age 2 

years, oniy approximately one half of them were found to be below the lûth percentile of 

the reference for the corresponding measurement at age 8 years, which suggested a catch-up 

growth during the observed period. The conflicted findings might be due to the diversity of 

individual growth patterns. As Kitchen et al. pointed out that "there are individuai 

exceptiow to the average."' 

The tirning of catch-up growth varied among different studies. Obvious catch-up 

growth usually occurred in the first two years of Me. 8.40.46.1 12 However, a continuing catch- 

up growth in VLBW infants during 2 to 5 years of age and 5 to 8 years of age was also 

found" Even in the studies in which catch-up growth was demonstrated, there were still 

more than expected numbers of infants remaining subnormai in physical gowth." The 

detenninauts of poor catch-up growth are stiil poorly understood, even though some efforts 

have been made to identifi them1"' Hack et al8 reported that significant correlates of poor 

catch-up growth in the AGA infants were birth weight, gestational age, severity of neonatal 

complications, poor neonatal head growth and chronic physical and neurologic sequelae. In 

the infants of the SGA group, the correlates of poor catch-up growth were birth weight, 

multiple birth, and social class. Kitchen et al? found that the only variable significantly 

associated with a weight below the 10th percentiie at age 8 years was birth weight. The ody 

variable significantly associated with a height below the lûth percentile at age 8 years was 

the matemal height. Qvigstad et al.' reported that the parental level of education, total 
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parental height, sex, hypertension during pregnancy, and some early measures contributed 

to the prediction of length classification (smaiiernarger than 10th percentile), 

in studies by ~ r a n d t " ~  and Kamiski et al,'' the mean Z-scores of growth 

measurements at different ages were presented. The change of growth status in VLBW 

infaats could be observed. A satisfactory catch-up growth was found in the former study 

and little catch-up growth were found in the later one. However, in the most recent large 

3 4 7  100 sample studies, ' ' ' the mean growth measurements were compared directiy with 

growth references. They concluded that VLBW infants grew poorer than reference 

population, and Iittle catch-up growth was found in VLBW infants. Such a direct 

comparison of mean growth measurements with growth references is not appropriate for 

assessing che change of growth status over age in VLBW infants, because the mean 

values of growth measurements and variances among population increase with age. 

2.4 GROWTH MODELS 

Models are ofien fitted to growth data to derive a smooth curve that \vil1 summarize 

the information provided by an individual child. Thus, replacing large numbers of 

observations collected over time on an itdividud by a few parameters leads to an 

efficient method for comparison of growth under different conditions such as different 

diets, diseases or envimnments.12' It is more efficient to compare these parameters than to 

compare mean values at many time points.128 From such a smooth curve, gmwth velocity 

and acceleration c m  be estimated directiy at any time-point within the obsewed age 
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range. Desirable features of a growth model were outiined by ~ e r k e ~ . ' "  They include (i) 

simplicity of the fitting procedure, (ii) biological interpretation and (iii) model parsimony. 

Various rnodels have been studied and utilized in the anaiysis of growth in both term and 

preterm in~ants.'~'~'.'"'" The repeated measurements can be distilled into a few 

parameters fiom those growth models. 

The simplest function is the polynomial in age. It is easy to fit, and the degree of 

complexity can be extended indefïnitely by increasing the order of the polynomial. 

However, polynornials have their iimits. They are resbicted in the shape of cuve they can 

model, their bebaviour at the extremes of the data is unpredictable, and the addition of 

higher-order ternis does not guarantee a suitable curve. The growth process is essentiaily 

smooth and graduai, and exponentiai functions are generdly more suitable than 

polynornials for rnodelling it. The mathematical models h m  literature are presented in 

Table 2- 1. 



Table 2-1 Mathematical rnodels h m  the literature 

Mode1 Equation 

Jenss & Bayley (1937)~" y=a+b t-exp(c+dt)+e 

Count (1 943)130 y==a+bt+clog(t)+e 

Kouchi et a i . ( 1 9 8 ~ ) ~ ~ ~  y==btc +e 

Berkey & ~eed(l987) '36 y=a+bt+clog(t)+d/t +e/t2+..+e 

Karlberg (1 987)"l 

Infancy component y=a+b[l -exp(-ct)]+e 

Childhood component y=a'bt+d2 

GUO et ai. (1990)'~ y=a+bdt-exp(c+dt)+e 

y represents length, weight, or other growth measurements 

t represents age in months 

a, b, c, d and e represent parameters to be estimared 

e represents errors. 

Sirnondon et a~ . '~ '  cornpared the Count, Reed, Karlberg, and Kouchi rnodels for 

weight during infancy, and found that the Karlberg mode1 was the best fitting 3-parameter 

rnodel, while the 4-parameter Reed mode1 was the best overall. However, they pointed 

out that their conclusions probably did not apply generally. 

Peerson et al."* apptied nhe mathematical models to 24-month Iength, weight, and 

head circumference growth curves of 39 breastfed and 3 1 formula-fed infants. Count, 
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Reed fîrst-order, Reed second-order, Karlberg, Guo, Jenss and three polynomiai models 

were included in their study. For both breast-fed and formula-fed infants, the Karlberg 

model best descnbed the relationship between body Iength and age and the Jenss model 

best described the relation between head circumference and age. For fomiula-fed infants 

several models appropriately described the relationship between weight and age. None of 

the models suitably described the shape of the weight cuve for breast-fed infants. 

There are many factors that affect the Et of a model - the measurement, the age range 

and the children's characteristics. Therefore, different models are likely to be optimal in 

different situations. 129.138 However, no previous study examined the best mode1 to 

describe the relationship between age and postneonatal growth in VLBW infants. 

The early growth models rnainiy focused on describing growth patterns and the 

change of growth measurement over age. 'Z'27~L30-L34 The growth mode1 bas been 

extended in various ways. One early extension was to allow separate models for 

subgroups or equivalently, to allow the parameters to depend upon individual 

139,140 characteristics or covariates. The data for this analysis required that each subject is 

measued at certain times which are the same for all subjects and that there are no missing 

values. These requirements limit the ability to analyze the longitudinal growth data since 

it is impractical to keep measurements at the same age for al1 infants. The loss to follow 

up is often unavoidable. A major breakthrough in the analysis of longitudinal data is to 

adopt the conventional regression tools, which relate the response variables to the 

explanatory variables while the within-subjects correlation is accounted for." One 
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approach is to shift the fïxed effects models to the models including random effects. 26.28 

The overall model is caiied a mixed effects model with population parameters fixed and 

individual effects ra~dorn."~ Mixed effects models are currently in the developing stage 

but they have become increasingiy available to researchers. 29,141-143 The advantages of 

mixed effects models wili be discussed in the section of "sumrnary of rnethodo1ogica.I 

issues" (page 38) in this chapter. ho the t  approach is an extension of generaüzed linear 

models, the generalized estùnating equations (GEE) in which the regression and within- 

subject correlation are modelled separately. 2530.144 Regression coefficients fiom GEE 

approaches have the same interpretation as coefficients from a cross-sectional analysis. 

2.5 FACTORS RELATED TG POSTNEONATAL GROWTH 

Growth is the result of a complex set of interrelated factors, including perinatal, 

genetic and environmentai factors, rnodified by the presence and severity of illness. 

Various factors have been studied in the literature. The findings in the literature will be 

discilssed below. 

2.5.1 Birth weight 

in normal infants, there is a diminishing positive association between birth weight and 

body weight at three months (r=û.55), to six months (r=0.46), one year (r=0.39), and two 

years (r=0.27), with the coefficient of correlation king greater for boys than 

During the early months of age in low birth weight infants, body weight remains lower in 
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infants of lower birth weight categones. 118.120.121 Although in some studies Iow birth weight 

chiIdren appear to have accelerated growth in weight and length during the fint 2 years of 

life when compared with their normal birth weight counterparts, low birth weight children 

remain shorter and lighter.Il2 Such dinerences were found thmughout early chiidhood. 2.7.1 12 

Growth appears to be more affected by birth weight in early childhood than in latcr 

childhood, and weight is more affected by birth weight than is the height or Iength 20.47.1 12 
1 

while head circderence is the least affected by birth ~ e i ~ h c . ~ ~ ' ~  However, since infants 

with bwer birth weight tend to have a greater fkquency of other adverse conditions? the 

impact of birth weight on growth might be confounded by those factors. Intrauterine growth 

status and body proportionality may also d u e n c e  the postneoaatai growth in VLBW 

2.5.2 Intrauterine growth retardation (IUGR) 

Previous studies have shown that IUGR has adverse effects on the growth of term 

infants. 42,49.69,135.14t However, controversy exists regarding the impact of TUGR on the 

growth of premature infants. There are reports of no catch-up growth or less catch-up 

growth of SGA infants 8q1032+23~'47 to AGA infants. Also, there are reports of satisfactory 

growth for weight and height in comparison with premature infants with appropriate size 

for gestational age.I4' The confusion in interpreting the results may, î3.149,1.50 in part, be 

due to the use of differently matched (birth weight and gestationai age) controls for 

comparison and the small sarnple size. Sung et al. compared the growth statu of SGA 



VLB W infants with that of two control groups of AGA infants: bUth weight matched 

(AGA-BW) and gestational age matched groups (AGA-GA). SGA iafants were shorter 

and lighter than AGA controls. Differences between SGA and AGA-GA control group in 

growth measurements were larger than the difference between SGA and AGA-B W 

controls. Most previous studies do not take differences in perinatal characteristics 

between SGA and AGA into a c ~ o u n t . ~ ~  To detennine the effect of intrauterine growth 

retardation on the outcome of the premature infant, Pena et al? also compared a group of 

35 premature, small-for-gestationai-age (SGA) iafants with two groups of premature, 

appropriate-for-gestational-age (AGA) infmts: one with similar birth weight (AGA-B W 

group) and the other with similar gestational age (AGA-GA group). Groups were 

matched by year of birth, race, gender, and socioeconomic status. infants were fiee of 

major congenital anomalies and intrauterine infection. The infants were evaluated at tenn, 

at 20 and 40 weeks, and at 1 year adjusted ages. The SGA infants had signincantiy 

smaller body dimensions at birth, more nursery complications, and a higher incidence of 

major neurologic problems than their AGA-GA matches but were comparable to the 

AGA-B W matches. Both studies showed the importance of birth weight on postneonatal 

outcornes since there is no or little difference between SGA infants and AGA-BW 

controls. Robertson et al. reported that no statistical significant differences were found in 

height and weight Iietween SGA and AGA-BW or AGA-GA controls at 8 years age.I5' 

However, their data showed the trend that SGA children were shorter and lighter than 
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AGA children and the differences between SGA and AGA-GA controls were larger than 

those between SGA and AGA-BW controls. 

2.5.3 Body proportionality at birth 

Since body proportionality at birth may capture information about the timing of 

growth retardation as well as the nutritional status of newboms, it can be considered as a 

potentiai determinant of postneonatal growtb. As discussed previously, body 

proportionality at birth was found to be associated with the severity of iüGR and 

asymmetric IüGR infants tend to be more severely growth retarded than their symmetric 

counterparts by Kramer et al.53 However, the growth statu of asymmetric iUGR infants 

tend to be better than that of symmetric infants, 4146.77 which confiicts with the Kramer et 

al's finding. Once the severity of growth retardation has been controlled, the body 

proportionality appean to be of little if any etiologic4' or propostic importance." 

Further studies are required to investigate if the body proportionality at birth is, 

independent of intrauterine growth retardation, associated with postneonatal growth. 

2.5.4 Parental height 

The hereditary background of a chiid bas a great influence on the growth pattern and 

11,101 final size. "Mid-parent stature (or height), the average of the stature of two parents, is 

used fiequently for studies of parent-child stature relationships because it summarises the 

genetic contributions of the parents, and because the sbtisticd and genetic assumptions 
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involved are appropriate".lOl In a midy of discriminant functiion of variables piedicting 

midl height (40th percentile) at 5 yearj of age by Qvigstad et al,' it was found that total 

(or mid) parental height contributed most to the discriminant fiinction. In a longitudinal 

foiiow-up study of growth in SGA children in Sweden, the parental heights of chiidren who 

did not exhibit catch-up growth were 0.9 SD below the mean of the Swedish 

However, since parental height may be associated with infants birth weight, M e r  andysis 

is necessary to determine if the association of parental height and postneonatal growth is 

independent of birth weight. 

2.5.5 Sex 

Like normal tenn infants, preterm VLBW boys tend to be heavier and taller (or longer) 

than girls during in fan^^.^*^*'' Growth velocities were found not to differ signifïcantiy 

between girls and boys.7." However, when compared with normal term infants. boys are 

more likely to have "subnormai" growth than girls. Kimble et al. reported that, at 3 years of 

age, 19% of boys versus 12% of girls in weight, and 23% versus 17% in length were below 

5th percentile of the NCHS ceference.' 

2.5.6 Bronchopulmonary dysplasia (BPD) 

BPD is a fiequent sequela of lung injury in low birth weight infants, with about 20- 

40% incidence in VLBW infants in published ~ u r v e ~ s . ~ ~ ~ ~ ~ ~ ' "  Poor growth bas been fouod 

in infants with BPD. 110,154,155 It has been suggested that this poor growth may be due to the 
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elevated resting metabolic expenditure and increased work involved in breathing. n i e  

supplying of enough energy to patients with BPD has proved to be a problem since they 

Eequently expenence feeding problems. 153,156 Compared with n o d  term reference 

infants, BPD infmts were found to have poorer growtb. 109,1ss When infants with BPD were 

compared with preterm infants without BPD, the results were variable. Some studies 

reported poorer growth in BPD infmts; 20,r io,157,i5s while others found that the growth 

pattern for infants with BPD did not significantiy M e r  fiom other pretenn infants. 125,154 

Since BPD is associated with other developmental probiems and medical 

complications, 1 lO.lSS.157 it is dificult to assess the specific contribution of BPD to growth 

without controlhg confounding effects of other variables. Most shidies have not controlled 

for birth weight or other ciifferences between infants with and without BPD. Bozynski et ai. 

found that &r adjustment for birth weight, BPD did not explain the growth Sel1 

and Vaucher reported that birth weight (not BPD) explained 7045% of the variance in 

subsequent weight prior to 8 months of age.ls7 A smail sample analysis published by 

Kurmer et al. suggested that both birth weight and severity of BPD are important'60 The 

relationship among BPD, postneonatal growth, birth weight and o t k r  factors and their 

contributions to the postneonatal growth need to be explored further. 

2.5.7 Antenatal steroids 

Steroid therapies may affect growth in either directions. 161-165 Significant reductions 

in the incidence of respiratory distress syndrome (RDS), mortality, and NEC were 
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observed in premature Uifants bom of mothea who received antenatai steroid therapy in a 

series of randomized triais assessed by meta-analysis. 166.167 Recently, studies on the 

outcornes of antenatal steroid administration consistentiy showed that antenatal steroid 

therapy reduced mortality and morbidity in low birth weight and VLBW infants. 168-172 

Therefore, antenatal steroid therapy rnay be associated with better postneooatal growth in 

VLBW infmts because of reduction in the incidence of BPD, RDS and NEC which may 

affect growth. Doyie et al. reported that antenatal steroid therapy was associated with a 

significant improvement in growth of VLB W infants at 2 years of age.L73 For the 

subgroup of their study sarnple, the extremely low birth weight (<IO00 grams) infants, no 

significant improved growth was found at 5 years of age in antenatally treated infants. 

The reason for such a discrepancy is unknown. It may be because the effect of steroid 

therapy depends on birth weights, or it may be due to the smdl sarnple size of extremely 

low birth weight infants. Follow-up data have been published on physical growth and 

developrnent fiom three large trials. None of these studies indicates that antenatal steroids 

thenpy has any effect on growth parameters. 162,164,165 In another study by Doyle et al, the 

weight and height at 5 years were greater in infants of the steroid group than those of the 

control infants although it was not statisticaily significant.16' A collaborative group on 

antenatal steroid therapy'62 aiso found that the infants in the steroid treatment group were 

slightly heavier and taller than the infants of placebo group. 

The antenatai steroid therapy can have beneficial effects on preventing adverse 

clinicai conditions, and these conditions may be associated with the postneonatal growth 
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of VLBW infants. No snidies have been found to investigate the independent association 

between the antenatal steroid therapy and postneonatal growth of VLB W infants. 

2.5.8 Feedings 

Feeding pmctices have been found to be associated with postneonatal growth. 90. I 74- 1 79 

The findings on the effects of breastfeeding on growth are inconsistent. Some studies 

showed that infants who were formula fed gained more weight during infancy than 

infants who were exclusively breastfed. 174476v180 Other studies found that breastfed 

infants were heavier than formula fed infants. 181.182 Whether diKerent growth of the 

exclusively breast-fed iufants fiom that of formula-fed infants represents appropriate 

physiological growth is not known. Feeding practices should be considered as a 

determinant of po~neonatd growth in VLBW infants. 

2.5.9 Other factors 

Materna1 factors that may influence the growth achievement of VLB W infants include 

social class, materna1 education and hypertension during pregnancy. 150,183 Management and 

care of preterm infants may also influence fiiture growth, although this remains 

~ontroversial.'~.'~ Later gmwth depends on adequate nutrition to ensure postneonatal wcight 

gin1" as well as feeding practices and feeding problems.40.'" Necrotizing entemcolitis 

forces nutrition management to parenteral nutrition for bowel rest.ls6 Neonatai sepris and 

suspected sepsis will result in withhoIding ail enteral feeds until it is established that the 
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int'ant is stable.'" General health status is anotheï predictor of growth outcorne. Duration of 

hospitai stay which reflect the seriousness of postneonatal illness may be a determinant of 

energy intake40 and p w t h  achievement ' The factors affeçting growth of hi& risk infants 

36.185 have been iisted for growth assessment. Nutritional and dietary factors, social 

demographic factors and some other medicai complications rnay also have important 

impacts on posmeonatai g r 0 ~ t . h . ~ ~ ~  

2.6 SUMMARY OF METHODOLOGICAL ISSUES 

2.6.1 Long time intervais 

Many previous studies have used long intervals between measurements. 2-4.6.16-19 The 

change of growth status in VLB W infants cannot be accwately described with long time 

intervals. During infancy, the growth velocity decreases with age. The accurate growth 

rate cannot be obtained using data with long t h e  intervais. 

Aiso, the change of growth statu with age shouid be observed by comparing 

positions in growth measurements relative to the reference distribution. The direct 

cornparison of observed differences between study sample and the mean of a reference at 

different ages is not appropriate to describe the change of growth status with age since the 

sarne difference does not have the same clinical and statistical meaning at dserent ages. 

Unbrtunately, in most of the longitudinal studies in the literature, the mean values of 

growth measurements or growth rates were compared directiy with the means or medians 

of a reference. 4.7.100 



2.6.2 Confounciing effects and statistical methods 

In VLBW inEuts, it is possible that factors affecthg growth are associated with each 

other. Lower birth weight infants or intrauterine growth retarded infants are more iikely 

to have other adverse clinical conditions.uA0 Therefore, when assessing the association of 

a factor and postneonatal growth, confounding effects should be taken into account in 

design andor data anaiysis stages. 

The growth rate and growth pattern of VLBW infants can oniy be described through 

longitudinal growth data, in which each individual is measured at different ages. ui the 

literature on determining factors associated with postneonatal growth, the longitudinal 

data were often analyzed by cross sectional statistical methods. For example, Kitchen et 

al? used logistic regression to determine the variables that might predict poor growth 

(below 10th percentile of reference data) for weight or height at age 8 years. Qvigstad et 

al.' and Kitchen et al? used another multivariate statistical method, discriminant analysis, 

to obtain predictors of growth measurements under the 10th percentile at 5 years of age. 

In those studies, only one (the Last one) of the repeated measurements was taken as the 

dependent variable in the multivariate analysis, in which the detailed relationship between 

a factor and growth process cannot be assessed. The important information on the change 

of growth statu provided by longitudinal data is lost by oniy picking up one of the serial 

measurements for the anaiysis. In Bozynski et al's s t ~ d ~ , ' ~ ~  the growth rate for each 

infant was estimated by the Count  nod del;'^^ and the association between explanatory 



variables and growth rates were assessed by multiple regression techniques. However, 

only a srnail number of variables which might affect postneonatai growth in VLBW 

uifants were included in thek study. 

Satisfactory methods of analyzing longitudinal data are only recently becoming 

available. The objectives for statistical modeis of longitudinal data are 1 ) to adopt the 

conventional regression tools, which relate the response variables to the explanatory 

variables; and 2) to account for the within subject correlation. The detailed association 

between a factor and postneonatal growth can be explored by using mked effects 

rnodels. 26-29 

In the mixed-effects models for longitudinal data analysis, the regression coeflicients 

of fixed effects represent the average responses to the change of an independent variable 

in the outcome of interest in population. Generally, the fixed effect of a factor is the 

average change in outcome caused by per unit change of the factor in the population. The 

regression coeficient(s) for each factor provides Wonnation on how this factor is 

associated with the outcome of interest while confounding effects of other factors are 

taken into account. Although the nature of this correlation is oAen of secondary interest, it 

is essential to account for the within-subject correlation because the repeated outcornes 

for one individual, which are part of longitudinal data, tend to be correlated with one 

another. In mixed effects models, the within-subject correlation is accounted for by 

including randorn effects in the models. The random effects represent naturai 

heterogeneity among individuais. The mixed effects modei assumes that the correlation 
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arnong the repeated rneasurements of an individuai is due to some latent characteristic 

that gives an individual a higher or lower than the average intercept and siope. For 

example, some infants may be heavier or longer than others at the be-g of the 

observation period. 

The muted effects models provide the flexibility for researchers to study 

deterrninants of growth process, ailowing for unbaianced designs, incomplete data and 

26.144 within subject correlations. However, no reports have been found using this meihod 

to study the determinants of growth in VLBW infants. 



C W T E R  THREE: METHODS 

3.1 OBJECTIVES 

The objectives of this study were to 1) describe the postneonatal growth patterns of 

VLBW infants and to 2) i d e n w  the determinants of postneonatal growth in VLBW 

infants fiom Southem Alberta. 

To fulfill these objectives, attempts were made to answer the following questions: 1) 

How do the growîh levels of VLB W infants, relative to growth references, change during 

infancy? 2) How does the prevalence of subnormal growth change during infancy 

(increase or decrease)? 3) Do the growth levels and the change of growth Ievels depend 

on the perïnatal and social environmental characteristics of infants? 4) How are perinatai 

and demographic factors associated with growth levels and the change of growlh Levels? 

5) What are the expected growth levels for VLBW infants free fiom adverse clinical 

conditions? and 6) Who will be more likely to be "subnomai" in growth? 

3.2 STUDY SAMPLE 

The study sample was selected from the Alberta Cbildren's Hospital (ACH) Perinatal 

Follow-Up Program which included infants from Southem Alberta and Southeast British 

Columbia. The ACH Perinatal Follow-Up Program is a unique resource for rapidly 

assessing postneonatal outcornes of VLB W infants because of the availability of 

longitudinal data collected fiom repeated examinations over two decades. Eligibility was 
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restricted to those infants who were bom during January 1977 and May 1992, with birth 

weights of 1250 grams or less and who were discharged &ve fiom the NICU. There were 

1007 infants who met the above criteria. in the Follow-Up Program, these infants were 

routinely followed up at 4k 1,8*l, 12zt1, 1 8G, and 36*6 months adjusted ages. Adjusted 

age was calculated by subtracting the expected date of delivery fiom the date of 

assessment; and recorded as the number of nearest month. Fourteen days or less was not 

considered a month while 15 days or more was. The study sample is a subset of the 

cohort whose selection was based on the availability of growth assessrnent at follow-up 

visits. Only uifmts with 4 or 5 sets of measurernents were included in this study since 

growth patterns could not be accurately described with smaller number of repeated 

measurements. Five hundred and fourteen (5 14) infants with growth data in length and 

weight available on 4 or 5 visits were included, which consisted of 5 1% of total VLBW 

survivors discharged h m  the MCU. Of 5 14 infants, 477 (93%) were exarnined at 411 

months, 491 (96%) at &l months, 442 (86%) at l a 1  months, 483 (94%) at 1813 

months and 447 (87%) at 36k6 months adjusted age, see Figure 3-1. 

The detailed description of the study sample will be given in the chapter on results 

(page 60). The representativeness of the study sample to the population of VLBW infants 

in ACH Perinatal Follow-Up Prograrn was assessed by cornparing the characteristics 

between the study sample and infants who were not included in the study sample. To 

assess the generalizability of the growth models developed in this study, the growth 

models were used to predict the growth of infmts who were not inchded in the study 
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sample. The residuals which were the dierences between observed and predicted values 

were checked. 

Adjustad aga (monthg 

Figure 3- 1 Proportions of infants with growth measurements availabIe in the study 

sample at difTerent visits 

3.3 MEASUREMENT~ 

A broad range of clinicai research information of the study sample was gathered fiom 

mothers' and infants' health records, physicai examinations and parent interviews during 

the nursery stay and follow-up visits following the standard protocols of the Alberta 

Children's Hospital (ACH) Perinatal Follow-up Program. 

3.3.1 Weight and Length 

Weight and length were measured in a standardized fashionl" by two trained 

volunteers at each visit. Mants were weighed undressed on a cdibrated infants balance 
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scale. Length was measured in the supine position on standardized infmt measurement 

boards. la6 

3.3.2 Perinatal factors 

Birth weight was measured by clinical staffto the nearest 10 grams. Gestational age 

was assessed based on a best estimate derived from the matemal last normal menstrual 

period, clinical assessments and antenatal ultrasound examinations. Adjusted ages for 

prematurity were generated by subtracting the time between the actual and expected date 

of 40 week full term birth h m  the chronological age of the infant, 

The intrauterine growth status was measured in two ways. First, based oa birth weight 

and gestational age, infants were categorized into two groups: small for gestational age 

(SGA) and appropriate for gestational age (AGA). Mmts  with birth weight Iess than the 

10th percentile of Lubchenco's intrauterine growth reference4' were classified as SGA 

and infants with birthweights at the 10th percentile or higher as AGA. Second, 

intraute rine growth was characterized on the basis of fetai growth ratio, d e h e d  by 

Krarner et alj3 as the ratio of the observed birth weight to the mean or median of the 

reference population. The mean values of Lubchenco's intrauterine growth data were 

used as the ceference in this study to calculate the fetal growth ratio @GR) for each 

infant. The approach of measuring the seventy of intrauterine growth retardation 

described by Kramer et al" was adopted in this study. Infants were divided into different 

groups according to the severity of IUGR based on the FGR. However, cutoff points were 
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shifted nom those presented in theü original paper?' because the distribution of FGR in 

the study sample was dif€erent fiom that of term infants. 

Body proportionatity was determined based on a Ponderai index (Pi), which was 

caiculated as birrh weighr ( ,  x IOOhirrh length (cm)'. PI less than the 10th percentile of 

Lubchenco's refmnce datas4 was defined as LLasymmetric'' or 'bdisproportionate" and PI 

at the 10th percentile or bigher as "symmetric" or "proportionate". 

The feeding practices during the NICU stay were classified by the duration of feeding 

type. Infants who were fed with breast mik Ionger than 50% of their NICU stay were 

cIassified as "primarily breastfed", otherwise as "formula-fed." The use of Antenatal 

steroids was recorded if any steroids were used before delivecy. 

The presence of bronchopulmonary dysplasia @PD), necro tizing enterocolitis 

(NEC), apnea, patent ductus arteriosus (PDA), neonatal sepsis, jaundice or cerebral palsy 

(CP) was determined by clinicd examinations. 

BPD: The infant was diagnosed as having BPD if he or she required additional oxygen at 

36 weeks' corrected postconceptional agel" and met the criteria described by Bancalari 

et al."' Therefore, the criteria for BPD in this study were (i) mechanicai ventilation for 

respiratory distress in the first week of life; (ii) required supplemental oxygen 0.25 or 

greater to maintain Paoz or transcutaneous Paoz equal or greater than 55 mm Hg for more 

than 28 days and 36 weeks' corrected post-natal gestational age; (iii)clinical signs of 

chronic respiratory distress for more than 28 days of age; and (iv) Characteristics of chest 

radiograph of BPD. 110.187.188 
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Necrotizing enterocolitis (NEC): NEC was diagnosed if x-ray reports indicated one or 

more of the following: 

pneumatosis intestinah; 

portal venous gas; 

peritoneal air, 

presence of unchanging or persistent bowel loops with a tliickened wall on sequentiai 

x-ray confinnation; 

usually accompanied by significant abdominal distention, tendemess and/or blood in 

stools. 

Neonatal sepsis: if a positive blood or cerebrospinal fluid culture was found at any t h e  

during NICU stay, the infant would be considered to have sepsis. 

Apnea: Apnea was considered "present" if there were three or more episodes (15 seconds 

of breathing stopping in each episode) per day for more than one day of apnea or 

bradycardia requirhg stimulation. 

Patent ductus arteriosus (PDA): The presence of PDA w u  diagnosed by a physician 

and confirmed by x-ray or echocardiogram. Those which were surgically ligated or 

treated with h g s  such as lndocid and Lasix were coded as present. 

Cerebral palsy (CP) was diagnosed by an experienced pediatrician and a physiotherapist 

based on muscle tone, reflex and flexibiiity. CP was determined in follow-up 

ex ami nation^'^^ while other conditions were diagnosed before the discharge from the 

MCU. 
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Apgar score at 5 minutes was classined into two groups: less than 6 and M. The 

duration of acute NICU stay was measured by the total days in the acute MCU before 

their first discharge from the unit. Total days on i n t e d e n t  positive pressure ventilation 

(IPPV) and the duration of total parenteral nutrition (TPN) were determined by 

subtracting the date of commencement of the treatment fiom the date of the tennination 

of the treatment. Since the change of neonatal intensive care practices over time might 

have impacts on the infants' growth, the year of birth was taken as a proxy of the change 

in neonatal intensive care practice and the change of infants characteristics during the 

period of data collection. 

3 -3 -3 Parental characteristics 

Mid-parental height is the average height of both n a d  parents in centimeters. 

Maternal education was measured using the total school years of the naturai mother, 

which was categorized into two groups: Icss than 12 years and 12 years or more. 

Socioeconomic status (SES) was measured based on the occupation of sociological 

father using the socio-economic index (SEI) developed by Blishen and McRoberts for 

occupations in canada.19* SES was grouped into two groups: low (SEIOO) and median 

or high (SEMO). The uiformation on Maternal race was obtained fiom the hospital 

records. Since the majority of mothers were Caucasian, the maternai race was oniy 

categorized into two groups: Caucasian and non-Caucasian. 
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3.4 DATA MANAGEMENT 

Tbe data for this study were in two files in the ACH Perinatal FolIow Up Program 

database: 1) the perinatal data which were collected fiom mothers' and infants' health 

records before infants were discharged fiom NICU, and 2) the foliow-up data which were 

collected at each foliow-up visit. Since each infant was identified by the same unique 

identification number in both files, the two files were Iinked to form a data set for the 

present analyses. 

The extreme values were identified for growth measurements and potentid 

contributing factors. Original records were checked if unreasonable values were found by 

examining the observed range of values for each variable and the scatter plots of growth 

measurements against age and other measurements. Corrections were made if a value in 

the data set was found to be different fiom that in the original record. 

The variables me coded as following: 

For the variables of clinical conditions such as BPD, NEC, CP, neonatal apnea, 

sepsis, SGA and PDA, the presence of the condition was coded 1 and absence was 0. 

Maternai age 20 years or younger was coded 1, otherwise O. Blishen and McRoberts 

index below 30 was coded 1, otherwise O. The original measurements were used for the 

variables of birth weight, gestational age and mid-parental height. For gender, boys were 

coded 1 and girls were coded O. For the exploring purpose, the continuou variables such 

as birth weight, rnid-parental height, FGR, maternai age, number of days of acute NICU 

stay and year of birth were categorized bto different groups, see Chapter 4 for details. 



3.5.1 Outline of the analyses 

Step 1 : Basic descriptive analysis 

Characteristics of VLBW survivors 

Comparison between study sample and VLB W infants who were not selected 

Relations among ttie potential contributhg factors 

Step 2: Average growth leveIs of the study sample 

Mean 2-scores relative to Merent references 

Prevaience of subnormal growth relative to dierent growth references 

Mean Z-score based on adjusted and unadjusted ages 

Prevalence of subnormal growth based on adjusted and unadjusted ages 

Step 3: Exploratory anaiysis of the detenninants of growth in VLBW infants 

Step 4: Mixed effects models 

Basic models 

Gender specific growth models 

Models including covariates 

Step 5: Predicting growth of infants who were not included in the present study 

Step 6: Predictors of subuormal growth at three years of age 

Comparison of levels or fiequency of potentid determinants between 

subnomai and normal infants. 



Logistic regression models. 

Step 7: Predictors of subnormd growth during the observed period: Generalized 

estimating equation (GEE) approach. 

3.5.2 Basic descriptive analyses 

The Characteristics of the study sampIe were compared with those of infants who 

were not selected for the present study. For continuous variables, 95% confidence 

intervals of the differences between the study sample and the infants who were not 

selected were calculated. The Chi square tests were conducted to test the differences 

between two groups for categorical variables. 

3.5.3 Average growth status 

In order to describe the growth status of VLBW infants at different ages, Z-score 

transformations were made. A Z-score (standard deviation score) is the deviation of an 

individual's value fiom the median value of a reference population, divided by the 

standard deviation in the reference population: 

Z-score = (O bserved value) -(median reference value)/(standard deviation of reference 

population) 

A fixed Z-score implies a fixed height or weight difference for children of a given age. 

For population-based applications, a major advantage of 2-score transformation is that it 

alIows the mean and standard deviation to be calculated for a group of 2-scores. A mean 

Z-score represents the average difference of growth measurements of VLBW population 
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and the median of the reference popdation in the unit of standard deviation. Therefore, 

the change of mean Z-score over age aiiows us to assess the change of growth status of 

VLB W infants over age during the observational period. Two reference populations were 

used for the present study. One was the NCHSIWHO growth data, since it has been 

recornrnended as a reference for international cornparisons by WHO Expert ~ornmittee.~' 

Also this reference has been used in some clinicai settings to identw growth problems in 

infants. The other one was the gmwth reference based on Canadian data,'' since it might 

be more comparable to the study sample in terms of social demographic characteristics 

than the NCHSIWHO growth data. The differences between these two growth references 

are discussed in Chapter 5. 

An anthropornetrïcal package Epi Nut in Epi ~ 0 ' ~ '  was used to make the Z-score 

transformation against the NCHSIWHO reference. The growth indices for the present 

analysis were weight-for-age and length-for-age. Length-for-age reflects achieved linear 

growth and its deficits indicate long-term, cumulative inadequacies of health or nutrition. 

Low length-for-age is described as "Shortness" or "Stunting". Weight-for-age reflects 

body mass relative to age. "Lightness" and "underweight" have been used as descriptive 

terms for low weight-for-age. Shortness and lightness imply nothing about the reason for 

an individuai's being Yod'; while stunting and underweight imply that the "low" is 

pathological. The cutoff point of less than -2 SD (or Z-score less than -2) was used to 

calculate proportions of infants with low length-for-age and low weight-for-age. 
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The Z-score triuisfonnations against Canadian growth data was only done up to 18 

months of age, since the maximum age in the reference data was 18 months. The mean 

Z-score values for age groups were calculated and plotted against age. The growth 

outcomes of study sample assessed using different growth references were compared. 

Ln addition to the NCHSNHO and the Canadian growth references, the WHO 

"growth reference for breastfed infants" was aiso used for the purpose of comparisons. 

Because the age range in this reference is only up to 12 months, the growth outcornes 

assessed using this reference cannot be obtained for infants oIder than 12 months of age. 

The above analyses were based on the adjusted age (adjusting for prematurity) of 

preterm infants. To assess the necessary period for age adjustment, the mean Z-scores of 

growth measurements and the proportions of subnormai growth were aiso calculated 

based on chronologicai ages. The growth outcomes assessed with adjusted and unadjusted 

ages were compared. The mean Z-scores and proportions of subnormal growth were 

compared between two outcomes estirnated using adjusted and unadjusted ages. 

3.5.4 Associations between potential factors, growth level and p w t h  rate 

3 -5.4. I Exploratory anaiysis 

Infants were categorized into different groups according to the Ievel of each of 

factors such as birthweight, intrauterine growth status, parental height, maternai age, 

matemal education, the presence of BPD, CP or NEC and so on. The mean Z-scores of 

growth measurements were caiculated for each group. These mean Z-scores and their 
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95% confidence intewals were presented graphicaiiy. No statistical tests were made and 

no attempts were made to consider the confounduig effects of other factors. Since infants 

were groupeci by a single variable and no statistical tests were made in this analysis, the 

associations observed might be attributable to the confounding effects of other factors 

(confounders) or simply to random errors. The information provided in this analysis was 

important for M e r  modelling procedures. 

3.5.4.2 Mixed effects growth models 

Mixed effects models were fitted to assess the effects of perinatal and parental 

factors on pomeonatd growth, whiie the effects of covariates were taken into 

consideration. First, basic models were fitted to describe the average growth patterns of 

VLBW infants. Second, mixed effects growth models including gender were fitted to 

compare the average growth patterns of VLB W infants with those of growth references, 

tvhich were gender specific. Also, the relations between gender and the postneonatal 

growth in length and weight were described in these models. Third, the mixed effects 

models, each including only one variable besides age and sex, were fitted to determine 

how each factor was associated with postneonatal growth while no codomding effects of 

other factors except gender were considered. This analysis should be able to replicate the 

results fiom previous exploratory analyses but provide more objective results on the 

relation between a factor and the postneonatal growth. Since over 20 variables were 

explored in this study, only the variables which were suspected to be associated with 



5s 

postneonatal growth from the resuits of the previous exploratory analyses were included. 

Finally, the detailed relationship between a potentiai factor and postneonatai growth was 

described while the confounding effecîs of other factors were considered in the analysis. 

The interaction terms among potentid factors were tested in the model to examine the 

assumption of the independence, that is that the effect of a factor on postneonatal growih 

does not depend on the values of other factors. 

3.5.4.2.1 Basic growth rnodels 

A mathematical formula expressing the relation between age and growth was 

established for VLB W infants as a group. Although several attempts had been made to 

apply mathematicai models to human growth in the literature, 12,129-132 they mainly 

focused on the growth of normal term infants. It was unknown which model was 

appropriate to describe the growth of VLBW infants in this study. Karlberg's growth 

model for infants includes two components: the infant component and the ctiildhood 

component. The age at which the growth model shifts fiom the infant component to the 

childhood cornponent occurs between 4 and 12 months of age.13' Since the intervais of 

rneasurements were relatively wide in this study, the age of change fiom the infant 

component to the childhood component could not be identified. Therefore, Karlberg's 

model was not used for this study. The components in Table 2-1 were used to build the 

basic models. Each component was considered as a candidate component to enter into the 

model. Based on the likelihood ratio tests in the mked effects model~,'~'~ the basic 
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models that were developed to express the relationship between age and postneonatai 

growth. 

in orcïer to compare findings with growth references, whkh were sex specific, an 

indicator of gender was incorporated into the basic models. The gender specific growth 

curves predicted fiom basic growth modeIs represented the esGmated average growth 

level of boys and girls in the study sample. These growth curves were compared with 

both the N C H S M O  and Canadian growth references. 

3.5.4.2.2 Linear mixed effects models including detenninants (covariates) 

The details of fitting and analyzhg mked effects models have been described in the 

25-28 Literature. Based on the basic models, each potential determinant of growth was 

Uicorporated uito the models. Selection of factors depended on the results fiom the 

previous bivariate analyses. To consider the confounding effects of other factors, a model 

\vas fitted for each growth measurement including expIanatory variables which had 

signif~cant contributions to the postneonatal growth while the confounding effects of 

other factors were taken into consideration. 

An example of the mixed effects model for the data can be written as 

Weight, = (BO+BOl Sex +Paz BW + P O 3  W H  + Po4 BPD+ pa5 CP + ...+ bi&+ ( p l  + p,, 

Sex + P l r  BW + B I 3  MPH + B14 BPD+ CP + ... + biJ * Age, + (Pz + PzrSe~ +P2*BFV + 

Bu MPH + Pz ,  BPD+ prs CP + ...) *log(AgeJ + e, 
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Where the dependent variable is the growth measurement for an individual i at a certain 

age t. The ps are fixed effects which provide estimates of the average response to 

independent variables. The "b"s are random effects which allow individuals to have 

different growth curves. The "e" is within subject error. Those interaction terms between 

age and factors are included to allow different groups of infmts to have different growth 

curves or growth rates. 

Estimation of the parameters in the model was carried out using a restricted 

maximum likelihood (REML) estimation procedure described by Linstrom and 

~ates.?he use of REML ailows for the unbiased estimation of al1 the effects in the 

model, even though individuals rnay have different nurnbers of repeated observations. To 

explore if the effects of one factor depend on the level of the other factors, various second 

degree interaction terms were tested in the model. Tests of sisnif~cance of individual 

covariates in the model were obtained by likelihood ratio tests. Inclusion of a variable and 

its interaction term with other variables in the model depended on the P values of the 

Likelihood Ratio test (the drop of deviance). Variables with P values less than 0.05 

remained in the final model. If an interaction term of two variables was included in the 

model, both main effect terms would be included. 

The appropriateness of the model was assessed by examining the distribution of the 

residuals and the estimates of random-effects components fiom the model. Plots of the 

residuals versus the fitted values and observed values versus fitted values were used to 

idente  single outlier observations. 



3.5.5 Predictors of subnormai growth 

Of particular interest to clinicians is the outcome of the shortest and lightest infants. 

To determine the variables that might predict whether a VLBW infant wodd be 

subnormd in growth at age 3 years, infants were divided into two groups: subnormai and 

normal in growth measurements. The characteristics of infants were compared between 

two groups to explore the relations between factors and subnormal growth. The relation 

between each factor and subnormal growth were m e r  anaiyzed with logistic 

regressions. In the logistic regessicin model, the dependent variable was an Uidicator of 

subnormai growth at 3 years. Inclusion of a variable into the model depended upon the 

change of the residual deviance by adding the variable in the model. 

Both fitting procedures of mixed effects models and logistic regsession models were 

performed using statisticai software S plus version 3.3 in the SUN UNIX system at the 

Department of Comunity Health Sciences, the University of Calgary. Epi Info Version 

6.04 was used for data management and 2-score transformations. 

To assess the associations between potential factors and subnormal growth during 

the observationai period, the GEE (generaiized estimating equations) approach, a 

generalized linear model for dependent data,30 was used to estimate the odds ratios of 

subnormal growth based on ail the data available in the study sample. The logit link 

function was used. Different correlation structures were utilized. No substantial different 

coefficients were obtained using different correlation structures. The results of using the 
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"exchangeable" correlation structure were presented. The regression coefficients of GEE 

approach in tbis study have the sarne iaterpretation as coefficients fiom a Iogistical 

regression for cross-sectionai data. The change of the association between factors and 

subnormal growth with age could be explored. 



C W T E R  FOUR: RESULTS 

4.1 DESCRIPTION OF THE STUDY SAMPLE 

4.1.1 Perinatai characteristics of the study sample 

Characteristics of the total 1007 VLBW infants who suMved to discharge fiom 

MCU during January 1977 to May 1992 are presented in Table 4-1 to Table 4-3. The 

charactenstics of the study sample compared with those of infants who were not included 

in this study, are listed in Table 4-4 to Table 4-6. 

Table 4-1 The charactenstics of total VLBW infants discharged fiom NICU: Means 

Infants with data 

Mean SD available (%) 

Birthweight, (g) 979.1 185.5 1007 (100) 

Gestational age (wk.) 28.1 2.4 ZOO7 (100) 

Ponderal index 2.14 0.26 983 (97.6) 

Materna1 age (yr.) 26.4 5.4 1005 (99.8) 

Maternal school (yr.) 12.8 2.6 723 (71.8) 

Blishen index 43.3 15.5 770 (76.5) 

Acute NlCU stay (days) 45.C 34.1 1 OOO(99.9) 

Total hospital stay (days) 81.6 43.6 996 (98.9) 

Mid-parental height (cm) 170.3 5.6 639 (63.5) 



Table 4-2 The characteristics of total VLBW infants discharged fiom NICU: Proportions 

Infants with data 

Proportions % 95% CI available (%) 

Male 49.2 46.0.52.3 1007 (100) 

Apgar score less than 6: 

at 1 minutes 

at 5 minutes 

Race, Non-Caucasian 

SGA 

Asymmetric (PIC1 0th centile) 

Multiple birth 

Antenatal steroids used 

Priinarily breastfed at MCU 

BPD 

Jaundice 

Necrotizing enteroco titis 

PDA 

RDS 

Sepsis 

Seizures 

Apnea 

Low SES (SEI < 30) 

Materna1 education (< 12 y.) 

Maternai education (< 12 yr.)" 

Born during 87-92 

a: Based mothers who were older than 20 yr. 



Table 4-3 The characteristics of total VLB W infants discharged fiom NICU: Medians 

infants with data 

Median available (%) 

TPN (days) 8 1006 (99.9) 

Days on O2 36 1004 (99.7) 

IPPV (days) 10 989 (98.2) 

Acute MCU stay (days) 39 1006 (99.9) 

Total hospitai stay (days) 76.5 996 (98.9) 

Table 4-4 Characteristics of the study sample compared with infants who were not 

inciuded in the study: Means and medians 

Study smple Unselected infmts 

Total number of infants 5 14 493 

95% CI of 

Mean SD No. Mean SD No. difference 

Birthweight, (g) 954.6 185.9 514 1004.6 187.7 493 -73.1, -26.9 

Gestational age (wk.) 27.7 2.3 514 28.4 2.4 493 -0.9, -0.4 

PonderaI index 2.14 0.26 501 2.14 0.27 482 -0.03,0.04 

Materna1 age (y.) 27.6 5.2 514 25.2 5.2 491 1.8,3.I 

Maternai school (yr.) 13.1 2.4 475 12.1 2.8 248 0.6, 1.4 

Blishen index 44.9 16.0 462 40.8 14.4 308 1.9, 6.4 

Total birthweight loss (g) t 33.9 6 1.5 5 13 130.0 65.6 493 -4.1, l 1.6 

Acute NICU stay (days) 45.6 32.85 514 44.5 35.4 492 -3.1, 5.4 

Total hospital stay (days) 87.3 35.9 5 12 75.5 49.7 484 6.5, 17.3 

Mid-parental height 170.4 6.1 430 170.1 5.6 209 -0.7,1.3 



Table 4-5 Characteristics of the study sample compared with infants who were not 
included in the study: Proportions 

Study samp le UnseIected 
Proportion % No. Proportions % No. P value a 

Male 48.1 5 14 50.3 493 0.47 

Apgar scme less than 6: 

at 1 minutes 

at 5 minutes 

Race, Non-Caucasian 

SGA 

Asymmetric at b h h  

Multiple birth 

BPD 

Jaundice 

Necrotizing enterocolitis 

PDA 

RDS 

CP 

Sepsis 

Seimes 

Apnea 

Low SES (SEI ~ 3 0 )  

Primarily breastfedb 

Antenatal Steroid use 

Matemal educ. (< 12 yr.) 

Materna1 educ. (4 2 yr.)' 

Born during 87-92 

a: P values of Chi square test or Fisher's exact test. b: P r i m d y  breastfed at during the NICU 
stay. c: Based mothers who were older than 20 yr. 



Table 4-6 Characteristics of the study sample compared with infants who were not 

included in the study: Medians 

Study sample Unseiected 

Median No. Median No. 

TPN (days) 9.0 514 7.0 492 

Days on O2 43 .O 513 26.0 49 1 

IPPV (days) 15.0 510 7.0 479 

Acute NICU stay (days) 3 9 5 14 3 9 492 

TotaI hospital stay (days) 83.5 512 69.0 484 

Compared with infants who were not selected for the present study, the study sample 

represents VLBW hfhnts with lower birth weights, shorter gestational ages, and longer 

duration of hospital stay and longer duration of other treatments such as total parenteral 

nutrition (TPN), intermittent positive pressure ventilation (IPPV) and Oxygen therapy. 

Infants selected for the present study have a higher prevalence of BPD and PDA, and a 

lower prevalence of NEC than infants who were not selected. The mothers of infants in 

the study sample tend to be older with higher education and a higher social-economic 

StatuS. 

4.1 -2 Intrauterine growth status 

The relations arnong birthweight, gestational age and IUGR were explored, see 

Figure 4-1. Since the study popuiation only included infants with birthweight 1,250 

grarns or less, al1 the infants with gestational age 32 weeks or longer were ctassified as 
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srnaIl for gestational age (SGA). When studying the association of WGR and 

postneonatal outcomes, the outcomes of AGA and SGA infants are usually compared in 

the Iiterature. What we actually do in a population of VLB W infants is to compare a 

group of infants with another group of infants who have different gestational ages and 

different birth weights. The interpretations of resuit. fkom such direct cornparisons are 

not straight forward, since the effects of intrauterine growth status and maturation are 

mixed together. Various epidemiological and statistical techniques can be used to conml 

for the confounding effects. For example, a stratified analysis can be done to compare the 

growth outcomes of SGA and AGA infants with the sarne gestational age or with the 

sarne birth ~ e i g h t . ~  

IUGR 

AGA 

400 - - - 1 0 SGA - - - - 
22 24 26 28 30 32 34 36 38 

Gestational age (week) 

Figure 4-1 Birth weight, gestational age and intrauterine growth status 

As show in Figure 4-1, the birth weight, a continuous variable, is used to divide 

infants into two groups arbitrarily by a single cutoff point of each gestation. It is obvious 
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that birth weights Vary a lot within each group. The classincation by one cut-off point 

may not be able to capture the complete information of the intrauterine growth status in 

VLBW infants. 

To measure the severity of intrauterine growih retardation, the fetal growth ratio 

(FGR), birth weight over the median of the reference, was caiculated. The distribution of 

FGR was close to normal, see Figure 4-2. No evidence of bimodality or the existence of 

53.192 two distinct groups of iafmts were seen. Accordhg to Kramer's classification, the 

infants with 0.80-~0.85 of FGR are defined as mildIy retarded, 0.75-~0.80 moderately 

and <0.75 severely retarded growth. Aithough 0.85 of FGR is similar to the 10th 

percentile of the intrauterine growth reference for term infants?3 for VLBW infants in 

this study this cut-off point represents a much higher percentile. Using the 10th percentile 

of Lubchenco intrauterine growth curves as cut-off point, 23.4% infants were classified as 

SGA, while 60.2% infants wodd be classified as SGA by using 0.85 of FGR as the cut- 

off, see Table 4-7. Therefore, different cutoff points fiom Kramer's study were used in 

the present study to categorize the severity of lUGR FGR 0.60-~0.70 was defined as 

rnild, 0.50-c0.60 as moderate and <OS0 as severe intrauterine growth retardation. The 

mean birth weights and gestationai ages for each group of infants according to the 

severity of IUGR are shown in Table 4-8. The more severe the KJGR of an infant is, the 

longer the gestational age is. Birth weight aiso has a tendency to decrease with the 

severity of IUGR. 



Table 4-7 Distribution of severity of lUGR in VLBW infants based on Kramer et al.'s 

c~assification~~ 

FGR* Severity of WGR Frequency Percent Cum. Percent 

c0.75 Severe 174 34-0 34.0 

0.75-<0,80 Moderate 61 11.9 45 -9 

0.80-~0.85 Mild 73 14.3 60.2 

O-85+ Normal 204 39.8 100.0 

* FGR: Fetai growth ratio 

Figure 4-2 Distribution of fetal growth ratio in VLBW infmts 



Table 4-8 Distribution of severity of IUGR in VLBW 'infants based on fetal growth ratios 

(FGR) 

FGR Severity Frequency Birthweight, g Gestational age, wk. 

(%) Mean (SD) Mean (SD) 

COS0 Severe 39 (3.9) 853.0 (262.7) 32.3 (3.2) 

0.50-c0.60 Moderate 7 1 (7.1) 844.9 (221.2) 30.0(3.0) 

0.60-~0.70 Mild 141 (14.1) 88 1.4 (197.7) 28.7(2.7) 

0.70+ Normal 750 (74.9) 1019.8 (158.1) 27.6(1.7) 

4.1.3 Body proportiondity 

Infants were classified into two groups according to their body proportionality at 

birth. About 28.9% of SGA infants were asyrnrnetnc (below 10th percentiie of ponderal 

index in Lubchenco's data) and 10.3% of AGA infants were asymmetric, see Table 4-9. 

The proportion of asymmetric infants increased with severity of intrauterine growth 

retardation Table 4-10. 

Table 4-9 Body proportionality and WGR in VLBW infants* 

KJGR Asymmetric Symmetric No. of infants 

No. (%) No. (%) 

SGA 70 (28.9%) 172(71.1%) 242 

AGA 76 (10.3%) 659 (89.7%) 735 

* P value of Chi square test for the differences between SGA and AGA is less than 

0.000 1. 
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Table 4- 10 Body proportionaiity and severity of IUGR in VLB W infants 

Body proportionaiity at birth 

MGR Asymmetcic S ymmetric No. of infants 

No. (%) No. (%) 

Severe 14(3 7.8%) 23 (62.20/0) 3 7 

Moderate 23(33.8%) 45 (66.2%) 68 

Mild 30(2 1 -7%) 1 08(78.3%) 138 

Normal 79(10.80/0) 655(89.2%) 734 

The relations between body proportionaiity and birth weight, birth Length and 

gestationai age are presented in TabIe 4-1 1. The asymmetric infants are heavier, longer 

and more mature than symmetric infants in both SGA and AGA groups. The body 

proportionaiity is associated with the intrauterine growth status and maturation of 

neonates. Whether body proportionaiity provides extra information which is not provided 

by birth weight and gestationai age for predicting postneonatal growth outcornes of 

VLB W infants needs to be deterrnined by modeling procedures, in whicb the effects of 

birth weight and gestational age could be controlled. 



Table 4-1 1 Bùth weight, birth length, gestationai age and body proportionality in VLBW 

infants 

Asymmetric Symmetric 

Mean SD No. Mean SD No. P value* 

Birth weight 

SGA 964.5 214.7 70 894.3 204.0 172 0.018 

AGA 1081.6 150.5 76 996.0 172.3 659 <0.001 

Birth length 

SGA 37.5 3.0 70 34.3 2.8 172 <0.001 

AGA 39.4 2.0 76 35.6 2.4 659 <0.001 

Gestational age 

SGA 31.0 2.8 70 29.9 2.5 172 0.003 

AGA 28.4 1.7 76 27.3 1.7 659 <0.001 

* Two tail t-test for the dierences between asymmetric and symmetric infants. 

4.1.4 Relations among the potential factors 

To explore the associations among the potential influencing factors, two examples 

were given: relations between 1) the presence of %PD and 2) antenatai steroids with 

other factors. 

4.1.4.1 Relations between BPD and other clinicd conditions 

The proportions of clinical conditions and other characteristics of infants with BPD 

and without BPD are presented in Figure 4-3, the cornparisons of rnean values are in 

Table 4-12. The BPD infants are more likely to have other adverse clinical conditions. 



They aiso tend to be iighter and more premature at birth. Therefore, when exploring the 

impact of BPD on postneonatai growth, we should take the confiounding effects of other 

factors iato account by modeling procedures. 

Proportion. % 

CP Sepsis Apgarscorea PDA Apnea RDS 

Figure 4-3 Proportion of clhical conditions among infants with and without BPD 

Table 4- 12 Characteristics of  VLB W iafaats with and without BPD 

BPD infants Non-BPD infants P value 

Mean SD Mean SD 

Birth weight, g 847.9 191.1 1007.1 160.8 <O.OO 1 

Gestational age, wk. 26.7 2.0 28.3 2.3 <O.OO 1 

Ponderal hdex 2.17 0.26 2.13 0.26 0.06 

Matemal age 27.7 5.2 27.5 5.1 0.70 

Acute ICU stay, days 7 1 -9 29.8 32.4 25.0 ~ 0 . 0 0  1 

Mid-parental height, cm 169.8 4.8 170.7 6.6 0.15 

Number of infants 164 338 
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4.1 -4.2 Relations between antenatal steroid therapy and other factors 

Infants with antenatai steroid therapy were found to have significantly higher birth 

weight than infants without antenatai therapy, see Table 4-13. The use of antenatal 

steroids was found to be associated with matemal age. The mothers who were younger 

than 2 1 years old were less likely to receive antenatd steroids than the mothers who were 

older than 20 years. Infants who received antenatai steroid therapy had a significantly 

lower prevdence of BPD than those without the use of antenatal steroids. Infants with the 

use of antenatai steroids had a slightiy lower prevalence of CP and NEC but the 

differences had no statistical significance, see Table 4- 14. 

Table 4-13 Characteristics of infants with and without antenatal steroid therapy: means 

Infants with antenatal Infants without 

steroids antenatal steroids 

95% CI of 

Mean SD No. Mean SD No. Dserence 

Birthweight, (g) 970.4 176.7 284 932.1 195.9 225 5.7,70,7 

Gestationai age (wk.) 27.9 2.1 284 27.6 2.5 225 -0.1,0.7 

Mid-parental height, cm 170.3 5.7 244 170.5 6.5 182 -1.3, 1.0 



Table 4-14 Characteristics of infants with the antenatal steroid therapy: prevdence % 

Infants with Infants without P value " 
antenatal steroids No. antenatal steroids No. 

Mate 49.3 284 47.1 225 0.62 

Maternai age S 1 7.4 284 12.9 225 0.038 

CP 6.3 284 9.4 225 0.20 

BPD 26.6 278 40.2 219 0.0013 

NEC 14.4 284 15.7 223 0.69 

a: P values of chi square test or Fisher exact test. 

4.2 DESCRIPTION OF GROWTH STATUS FOR VLBW INFANTS 

4.2.1 Mean Z-scores relative to NCHSWHO and Canadian growth references 

The mean Z-scores and 95% confidence intervals relative to the NCHS/WHO and the 

Canadian references at each age group were calculated. Using the NCHSNHO reference, 

the mean Z-scores increased with age for length and decreased fiom 4 to 12 months of 

age and increased aflerward for weight. Using the Canadian reference, mean 2-scores for 

both length and weight increased with age, see Figure 4-4 and Figure 4-5. Throughout the 

observational period, the Z-scores were Lower than O, indicating that the average growth 

ievels were Iower than the mean levels of either growth reference. 



References 

Adjusted age (months) 

Figure 4-4. Mean 2-scores of growth measurements in VLB W infants, relative to 

dif5erent references: Length 

Adjusted age (months) 

References 
x - NCkSW-0 

caiadim 

Figure 4-5 Mean Z-score of growth rneasurements in VLBW infants, relative to different 
references: Weight 



4.2.2 Mean 2-scores relative to growth references for VLB W infmts 

To compare growth status of the study sample with those of VLBW infants in USA, 

the mean 2-scores relative to the reference for VLB W infants ceported by Casey et al7 

were also calcuiated, see Figure 4-6. Mean Z-scores relative to the reference for VLBW 

infants is slightiy lower than zero. The average growth Level of the study sample was 

lower than that of the reference population fkom eight centers in USA. 

Adjuskd age ( m m )  

Figure 4-6 Mean 2-scores relative to growth reference for VLBW infants7 

4.2.3 Prevalence of subnormai growth in VLB W infants 

The prevalence of subnormal growth defined by a growth measurement less than the 

media. minus 2 SD of the growth references or Z-score less than -2 is presented in Figure 

4-7. Since the Canadian growth reference data are ody avaiiable until 18 months and the 



WHO reference for breastfed infants until 12 months, îhe estimation of growth status 

using these references were not made after the above penods. 

Age groups (months) 

N C H M O  Canadian (j WHO bna- 

Figure 4-7 Prevalence of subnonnal growth in VLBW infants estimated by using 

different growth references 

ïhere were no significant differences between the estimated prevdence of subnomai 

growth deterrnined using the Canadian reference and WHO reference for breastfed 

infants. The estimated prevalence by the N C H S W O  reference was lower than that 

estimated by either of the other two references at 4 months for underweight and at 4 and 8 

months for stunted, with statistical sigdîcance (pc0.05 based on Chi square test). There 

were no statisticaily significant differences in estimated prevaience of snuited growth 
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between using the Canadian reference and the NCHSM'HO reference at 12 and 18 

months of adjusted age. More infants were identified as underweight at 12 and 18 months 

of age using the N C H S M O  reference than using the Canadian reference, with p < 0.05 

based on Chi square tests. 

4.2.4 Age adjustment for prematurity and growth assessment 

4.2.4.1 Mean 2-scores based on chronologicai age and adjusted age 

The NCHSIWHO ceference was used for comparing the growth status of VLBW 

infants asszssed by using chronologicai and adjusted ages, since it covers the age range of 

the present study sample. The mean Z-scores and 95% confidence intervals based on 

chronological and adjusted ages are presented in Figure 4-8. The mean Z-scores based on 

adjusted age were always closer to zero, the average level of the reference population, 

than were scores based on chronological age. The adjusted estimate of Z-score was higher 

than the unadjusted estimate at every age group in both length and weight. Although the 

difference became smaller as infants grew oider, it remained statistically significant up to 

36 months adjusted age @ vaiues based on t-tests were <0.002). 



Figure 4-8 Mean Z-scores based on chronological and adjusted ages in VLB W infmts 

4.2.4.2 Prevaience of subnormai growth based on chronological age and adjusted age 

The prevaience of subnomal growth estimated using both adjusted and unadjusted 

age is shown in Figure 4-9. A substantially higher proportion of infants were labeled as 

"subnormai growth" (<-2SD of median) when assessed based on the chronological age 

than on the adjusted age, especially in early age groups for both length and weight, For 

length, about 91% vs. 25%, 73% vs. 23%, 53% vs. 20,31% vs. 13%. and 14% vs. 7% of 
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infants were labeled as stunted based on chronoiogical age vs. adjusted age at 4, 8, 12, 

18, and 36 months adjusted ages, respectively; and the corresponding vaiues for 

underweight were 79% vs. 23%, 71% vs. 36%, 55% vs. 38%, 40% vs. 26%, and 26% vs. 

16%. The difference between adjusted and unadjusted prevalence of either stunted or 

underweight had statistiçal significance &th p vaiues < 0.001 at each age group based on 

Chi square test. 

Age gmups (months) Age groups (rnonths) 

Chronological age @ Adjusteci age 

Figure 4-9 Prevalence of subnonnal  gr^-wth based on chronological and adjusted age in 

VLBW infaots 

4.3 EXPLORATORY ANALYSIS OF DETERMMANTS OF POSTNEONATAL GR0WTi-i 

Bivariate relations between potential determinants and postneonatai growth (Mean Z- 

scores) were explored graphically. These graphs were only preliminary analyses, in which 

no statistical significance tests were made and no confounding effects were taken hto 

account. In these analyses, the crude associations between potential factors and 



postneonatd growth were explored. The resuits provide information for the further 

analyses of modeliing procedures. 

Birthweight, g 

r 
a am 
E 
g 7 5 ~ 0 0 0  

f + UOFP50 

Adjusted age (monVis) 

Figure 4-10 Birthweight and Z-scores for length and weight in VLBW infants 

4.3.1 Birth weight 

Mean Z-scores of weight and length were calculated for infants in different 

categories of birth weight, see Figure 4-10. Infants with lower birth weights tend to be 



shorter and lighter during infmcy than infants with higher birth weights. However, the 

differences in length among different birth weight groups become smaller as infants 

grow. 

Adjusted age (monfhs) 

-25 1 6 AGA 
;i B t a L 

Adjusled age (months) 

Figure 4-1 1 Intrauterine growth retardation and 2-scores for length and weight in VLBW 
infants 



4.3.2 Intrauterine growth status and body proportionality at birth 

The average level of SGA infants in either length or weight was found to be lower 

than that of AGA, see Figure 4-1 1. The postneonatal growth and severity of lUGR 

expressed by the FGR are presented in Figure 4-12. 

O 'I 

Adiusted age (months) 

Adjcsted age (months) 

Fetal gmwth ratio 
x 
O 4.50 

1: 
0 0.50-4.60 
r 
P 0.60-470 

f 
r 0.70- 

Fetal gmwth ratio 
x 
p 4.50 

x 
O 0.50-4.60 

f 
r 0.60-4.70 

r u O.M+ 

Figure 4-12 Severity of intrauterine growth retardation and 2-scores for length and 
weight in VLBW infants 
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The postneonatai growth status appears to depend on the severity of  intrauterine 

growth retardation. The most severely retarded infmts have the lowest mean 2-scores in 

both length and weight. For both SGA and AGA infants, those infants with asymmetrical 

body shape at birth were taller and heavier than their symmetncal counterparts, see 

Figure 4- 13. 

Figure 4-1 3 Body proportionality and 2-scores for length and weight in VLBW infants 



4.3 -3 Parental height 

Infants were classified into three groups according to their mid-parental heights. 

Infants in the higher mid-parenta1 height group were taller and heavier than those in the 

shorter mid-parental height groups. The clifferences became more obvious as infant grew 

for both length and weight, see Figure 4-14- 

Adjusted age (months) 

4 8 G? 8 36 

Adjusted age (months) 

Maparent height 
s 
r 6 5 c m  

s 
0 se-mm 
f 
r al75 an 

Midparent heght 
s 
A cason 

L 
O l66-VSm 

s 
r =l75cm 

Figure 1-14 Mid-parental height and 2-scores for length and weight in VLBW infmts 
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4.3.4 Some clinical conditions 

Figure 4- 15 to Figure 4-22 present the bivariate associations between some chical 

conditions and the postneonatal growth in VLB W infants. Infants with BPD were shorter 

and lighter than those without BPD during infancy. The infants who had cerebral palsy 

were shorter and Lighter than those without cerebral palsy, but there was a large overlap 

for weight. Obvious lower 2-scores were found for infants with necrotizing enterocolitis 

(NEC) than those without NEC in early months (4 and 8 months of age), but the 

differences were not so obvious in later months of age. Infants with RDS were stightly 

shorter at 4 months and lighter at 4 and 8 months of age than those without RDS, and 

there were no ciifferences between them at other ages. At 4 and 8 rnonths of age, infants 

with Apgar score at 5 minutes Iess than 6 were shorter and iighter than those with 6 or 

more Apgar score. No obvious ciifferences were found in the mean Z-scores for both 

length and weight between infants with or without the presence of sepsis, apnea or PDA. 



Figure 4- 15 Bronch~pulmonary dysplasia and mean 2-scores of length and weight in 

VLBW infants 



Figure 4- 16 Cerebral palsy and mean 2-scores of length and weight in VLB W infants 



Figure 4-1 7 Necrotizing enterocolitis and mean Z-scores of length and weight in VLBW 

infants 



PCC- age (-1 

Figure 4-18 Neonatai sepsis and mean 2-scores of length and weight in VLBW infants 



Adjusted age (months) 

Figure 4- 19 Apnea and mean Z-scores of length and weight in VLBW infants 



Figure 4-20 Patent ductus meriosus (PDA) and mean 2-scores of length and weight in 

VLBW infants 



Figure 4-2 1 Apgar score at five minutes and mean 2-scores of length and weight in 

VLBW infants 



Figure 4-22 Respiratory distress syndrome and mean Z-scores of length and weight in 

VLBW infants 



4.3.5 Sociodemographic factors 

The infants of mothers who were 20 years old or younger were found to have Iower 

mean Z-scores than those of mothers w h ~  were ûlder than 20 years of age, see Figure 4- 

23. Aithough the cofidence intervais for these two groups are wide because of smail 

numbers of infants in oldest and youngest age groups, substantial differences were found 

between the group 20 or younger and the group of 2 1-3 5 years of matemal age. Because 

o d y  a small number of infants were bom to non-Caucasian mothers, it was not ideal to 

explore the association between matemal race and postneonatai growth based on growth 

data in the present study. The mean 2-scores of infants fiom Caucasian and non- 

Caucasian mothers were compared in Figure 4-24. The mean Z-scores were slightly 

higher for infants of non-Caucasian mothers tha. those of Causation mothers. However, 

the 95% confidence for infants of non-Caucasian mothers were very wide. 

Infants were also classifiai into two groups according to th& rnother's education: 

less than 12 years and 12 years or more. Infants of mothers with less than 12 years of 

education were siightly higher in the mean Z-scores at 4,8, 12 months adjusted ages in 

length and at 4,8, 12 and 18 months adjusted ages in weight, but the confidence intervais 

were very wide, see Figure 4-25. To explore the family social-economical status (SES) 

and postneonatal growth in VLBW infants, infmts were divided into two groups 

according to the value of Blishen index which measures the family SES: Blishen index 

-30 and 230. Higher Blishen index indicates higher family social economical status. 
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Infants fiom higher SES families were siightly longer and heavier during Sancy, see 

Figure 4-26. 

Adjusted age (months) 

Figure 4-23 Materna1 age and mean 2-scores of length and weight in VLBW infants 



Figure 4-24 Maternai race and mean Z-scores of length and weight in VLBW infants 



Figure 4-25 Maternd education and mean 2-scores of length and weight in VLBW 

infants 



Figure 4-26 Socioeconomic status and mean Z-scores of length and weight in VLBW 

infants 

4.3.6 Duration of hospital stay 

Infants were grouped into four groups according to their duration of acute MCU 

stay. Duration of acute MCU stay was &!en as an indicator of severity of ctinical 

conditions. The longer the infants stayed in the acute NICU, the poorer they grew in 



length and weight, see Figure 4-27, A trend of convergence in mean 2-scores among 

dif5erent groups was found as infants grew. The ditTeremes in mean Z-scores among 

different groups were smaller for older infants than for younger ones. 

Aaite lCU sby, days 
t 

4 0  

3 M O  

f 6F90 

Adjusted age (months) 

Adjusted age (months) 

4cute ICU stay, days 
1 

4 0  

x 
O 31.60 

? Si-90 

=. 9 0  

Figure 4-27 Duration in acute K U  and mean 2-scores of Iength and weight in VLBW 

infants 



4.3.7 Antenatal steroids used 

Infants in whom antenatal steroids were used were bnger and heavier than infants 

born without the use of antenatal steroids. The differences were obvious in the fkt few 

rnonths of life for weight, see Figure 4-28, 

Adjusted age (rnonths) 

Antenafal stdds 
3 
+ k t  used 

Antenatal steroids 
2 
+ Not ussd 

Used 

Figure 4-28 Antenatal steroids used during NICU and mean 2-scores of length and 

weight in VLBW infants 



4.3 -8 Breastkd during the NICU stay 

There was no noticeable ciifference between infants who were primarily breastfed 

and infants who were primarily formula f d ,  see Figure 4-29. 

Figure 4-29 Breast feeding and mean 2-scores of length and weight in VLB W infants 
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4.3.9 Year of birth 

Infants were arbitrarily divided into different groups according to the year of birth. 

Mants bom during 1977 and 1980 appeared to be longer and heavier than infants of other 

groups. For infants boni after 1980, there was a general trend that infants who were born 

in the recent years grew better than those bom in early years, especiaily for younger 

infants, see Figure 4-30. Because of advances of prenatal and neonatai intensive c m ,  

many more tiny newborns survived in recent years. The distributions of birth weight for 

infants boni in different years wcre calculated and compared in Figure 4-3 1. The 

distribution of birth weight changed with the year of birth. Number of infants at the 

extreme lef? tail of the birth weight distribution increases with the year of birth. Since the 

study sample o d y  included infants who survived to discharge fiom NICU, the results are 

in keephg with the impression that more tiny neonates survived in the recent years. 



4- %le (-1 
Figure 4-30 Year of birth and mean Z-scores of length and weight in VLB W infants 



Year of birîh: 77 -80 
7 I 

Yearof birtti:BI-83 
1 

Year of birth: 84-86 
101 

Yearof birth: 87-89 

ml * g 
Figure 4-3 I Year of birth and birth weight distribution in VLBW infants 



4.4 MIXED EFFECTS MODELS OF POSTNEONATAL GROWTH M VLBW MFANTS 

4.4.1 Average growth patterns described by basic growth models 

The main advantage of applying mathematical models to human growth is that 

multiple compiicated data points can be distüled into a smaii number of parameters. 

These parameters can provide a means for direct cornparison between individuals or 

groups. In this study, the basic models were fitted first to describe the general growth 

patterns of VLB W infants. The basic growth models represent the relations between age 

and the postneonatal growth in VLB W infants without considering any other covariates, 

and provide esthated average growth levels of the study sampie. 

To formulate a mathematical mode1 that could appropriately descnbe the growth data 

of VLB W infants, several different mathematicai components fiom growth models in the 

literature 132137 were assessed based on the likelihood ratio test in the mixed effects 

models. The best basic models that could be found to describe growth of VLBW infants 

in this study are: 

Length of an infanti? Bo + bai + (Bi + bli)*age, + p2*dage, + q, 

and 

Weight of an infiantic = Po + boi + (pl + bIi)*age, + Pt*Log(ageJ + eic. 

The i represents an individual infant and t represents a certain point in age. The fixed 

effects Bo, Pi, and Pz in Table 4-15 ailow us to estimate the average growth levels and 

growth rates in VLBW infants, while the random effects boi and bli ailow each individuai 
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to have his mer own growth pattern. The p0s are the esthates of intercepts of the 

population which are not important estimates because the observation began at 4 months 

of adjusted age in this study. The models show that the growth measurements do not 

linearly increase with age. The average growth rate at any age poiat during inf'ancy can be 

estimated using two parameters, p and Pi. Based on the parameters fiom basic growth 

models, the average growih patterns of VLBW infants were e~dmated, see Figure 4-32 

(the solid line). 

Table 4-15 The h e d  effects in basic growth rnodels 

Estimates Approx. Std. Error Z ratio 

Length 

Intercept, Po 39.286 0.306 123.6 

Growth rate, Pl -0.23 7 0.019 -12.7 

Growth rate, Pz 10.3 13 0.153 67.2 

Weight: 

Intercept, Po 2.328 0.077 30.1 

Growth rate, PI  0.1 10 0.003 33.4 

Growth rate, B2 1.826 0.046 39.3 

Because the tirne intervals between measurements are wide in the present study and 

growth rate changes rapidly during infancy, it is difficult to formulate a mathematical 

mode1 that can accurately describe actual growth for ages at which the growth 

measurements were not taken. However, the growth models are appropriate for assessing 
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the change of growth status with age and i d e n t w g  determinants of growth in VLBW 

infants since infants with different characteristics were measured at the same t h e  

intervals. 

Adjustecl age (months) 

Figure 4-32 Predicted average level in VLB W infants 



4.4.2 Gender specific growth patterns 

To be able to compare the estimated average growth levels for VLBW inf'ts fiom 

the study sampIe with the gender specific growth references; a covariate, gender, was 

added into the models. 'ïhe inclusion of gender allows for separate models for subgroups 

or, equivalently, allows ihe parameters to depend upon the gender of infants. The mixed 

effects mode1 for length is: 

Lengthit = Bo +boi+Pisex+(p, + blJage, + (p3)Jage, + bagq*sex + p5daget*sex teip 

For weight is: 

Weighti, =Bo+boi+Q ,sex+($,+b Jage,+(P3 )log(ageJ+P4aget*sex+ &log(ageJ*sex+ei,. 

The inclusion of PI, p4 and P5 in the mode1 allows infants with different genders to have 

different intercepts and growth rates. The likelihood ratio test showed that there was no 

statistically significaut difference in intercepts (Pi)  between boys and girls, while there 

were statistically significant ciifferences for two parameters related to growth rate (P4 and 

B5). The estimated parameters of fixed effects are presented in Table 4-16. 

The interpretations of these parameters are not straight fonvard. Both intercept 

parameters (Bo and BI) themselves have no direct interpretations since the observationai 

range in this study did not cover the t h e  of term (when adjusted age was zero) and 

growth measurement at birth cannot be estimated using these models. For both length and 

weight, the four parameters which are related to growth rates (&, B3, B4 and p5) are found 

to be significantly different fiom zero using likelihood ratio tests. In other words, the 



growth rates in VLBW infants depend on age and gender. The growth rates for either 

length or weight are not constant over ages. The ciifference between boys and girls in the 

growth measurements of length or weight also depends on age. 

Table 4-1 6 The fixed effects in the mixed effects models included gender* 

Estimates Approx. Std. Error Z ratio 

Length: 

Intercept 

Intercept 

P o  2.40 

Pi (sex) -0.16 

Growth rate 

Pz (a@ 0.1 19 0.00045 26.14 

P 3  (log(age)) I .66 1 0.0645 25.73 

P4 (age*sex) -0.0 19 0.0066 -2.89 

P s  (log(a&*sex) 0.352 0.0934 3.76 

* Length = Po+ba+P tsex+(Pz+bI)age+P3*dage+~4age*sex+ P51(age*sex; 

* Weight = Bof bo+P lsex~~2+bl)ag~P3Iog(age)+~4age*sex+~5log(age)*sex. Sex code: O 

for girl and 1 for boy 



The difference in weight between boys and girls (estimated values for boys minus those 

for girls) is: 

-0.16-0.0 19*age+û.352*log(age) 

and in length is: 

-0.46-0.132*age+1.003 *sqrt(age). 

PldjUed age 
Figure 432  (a) boy minus girls in length 

0) Boys minus girls in weight 

Figure 4-33 The difference between boys and girls in growth measurements 
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The growth levels for boys and girls are presented in Figure 4-32, the differences between 

boys and girls are presented in Figure 4-33. Through the observational period boys were 

longer and heavier than girls, but the ciifferences were not constant over tirne. They were 

slightly higher during 12 and 18 months of age than the other ages. 

Compared with the NCHS/WHO growth references, the estimated average weight for 

VLB W infants based on the growth modefs are close to the 10th percentile of the 

reference. From 8 to 18 months, the average weigfit of VLB W infants is Iower than the 

10th percentile while at 36 months of age it is higher than the 10th percentile of the 

reference, see Figure 4-34. The relative position for length in VLBW UIfants continuously 

rises as infants grow, see Figure 4-35. Compared with the Canadian growth references, 

the relative position for VLB W infants continuously rises as infants grow in both weight 

and length, see Figure 4-36 and Figure 4-37. 



a) for boys 

Figure 4-34 The average predicted value in weight for VLB W infants, compared with 
NCHS/WHO references 



a) for boys 

Figure 4-35 The average predicted value in length for VLBW infants, compared with 
N C H S M O  references 



a) for boys 

Figure 4-36 The average predicted value in length for VLBW infants, compared with 
Canadian references 



a) for boys 

6) for girls 

a i s  - - -  
ûth 

Figure 4-37 The average predicted value in weight for VLBW infants, compared with 
Canadian references 
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4.4.3 Determinants of postneonatal growth: Mixed eEects models including covariates 

4.4.3.1 Determinants of length 

To assess the association between the potential influencing factors and postneonatal 

growth of VLBW infants, each variable was added individually into the models 

developed previously which hcluded ody gender and age. Two terms, the main effect 

term and the interaction term with age, were added into the model sequentially for each 

variable. The main effect term was added into the model f i t ,  followed by the interaction 

tem. The interaction with age was used to test if the factor was associated with the 

growth rate. The main effect term was used to test whether the factor was associated with 

growth level assuming that it was not associated with the growth rate. For each variable, 

three models were fitted: i) a basic model including only sex and age, ii) a model with 

only the main effect term, and iii) a mode1 with both the main effect and interaction 

terms. The association between a factor and postneonatal growth was tested using the 

Iikelihood ratio statistics. 

Birth weight, rnid-parental height, BPD, maternal age, NEC, PDA, sepsis and 

maternal education were associated with the growth rate in length, since their interaction 

terms with age were statistically significant, see Table 4-1 7. The lower birth weight 

infants grow faster than those with higher birth weights. The infants of talier parents grow 

faster than infants of shorter parents. The infants of mothers who are 20 years or younger 

grow slower than the infants of mothers who are older than 20 years of age. The Uifants 
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with BPD, NEC, PDA or sepsis grow faster than infants without each of these conditions, 

respectively. The infants of mothers with 12 or more years education grow faster than the 

infants of mothers with Iess than 12 years education. The presence of SGA and CF and 

the use of antenata: steroids are associated only with the growth level of iength during the 

observed period. The SGA infants are shorter than AGA infants. infants with CP are 

shorter than infants without CP. The infats whose mothers received antenatai steroid 

therapy are longer than those whose mothers did not receive the therapy. No associations 

with length were found for SES and breastfeeding during the NICU stay. 

Since only age and gender were in the model in the above analysis, the observed 

association between a factor and length might be attributable to the confounding effects 

of other factors. To consider the confounding effects in the model, a model was fitted 

with the factors which have significant conûibutions to the growth in length in VLBW 

infants. The variables were added into the model sequentiaily in the order of the 

magnitude of the likelihood ratio ffom the previous anaiysis. The likelihood ratio 

statistics with the associated P-values were used to select the factors which have 

significant contributions to the postneonatal growth, see Table 4-1 8. The variables which 

could not be added into the model at early stages were still considered as candidates 

while more variables were added into the model. Besides age and gender, seven variables 

were found to have significant contributions to the prediction of posmeonatal growth in 

length. They are birth weight, rnid-parental height, materna1 age. gestational age, CP, 
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NEC and BPD. The SGA was defined based on gestational age and birth weight, and the 

gestationai age had a much higher likeiihood ratio than SGA. Therefore, the gestationai 

age was used in the model. 

Table 4-17 Fked effects for length: variables were added into the basic model 
individuaiIy 

Fixed effect SE z ratio LR test* P value 
Birth weight 8 1.86 (&3la <0.0001 
BW, 100 g 0.6 1 
Age:B W -0.0035 

Mid-parental height 
MPH, 10 cm 0.78 
Age:MPH 0.042 

BPD 
BPD -1.32 
Age:BPD 0.023 

Materna1 age 5 20 yr. 
Mage -1.19 
Age:Mage -0.039 

SGA 
SGA -0.98 
Age:SGA 0.01 1 

NEC 
NEC - 1 .O6 
Age:NEC 0.027 

11.76 (cW1)E 

54.53 (&2) 
27.85 ( e l )  
26.68 ( d e l )  

22.67 (df-2) 
17.37 ( d e l )  
5.30 (&l) 

19.47 (df-2) 
6.14 (df=l) 
13.33 (df=I) 

12.14 (de2) 
10.93 ( e l )  
1.21 ( d e l )  

9.8 1 (&2) 
5.57 ( d e l )  
4.24 (dP-1) 

9.58 (&2) 
9.29 ( e l )  
0.29 (df=l) 



(Table 4-1 7 continued) 
Ficed effect Std.Error z ratio LR test P value 

PDA 7.90 (de2) 0.019 
PDA 
Age:PDA 

Antenatal steroids 
Antenatal steroids 
Age:steroids 

Materna1 school 
Mschool 
Age:Mschool 

Sepsis 
Sepsis 
Age:Sepsis 

SES 
SES 
Age:SES 

Breastfed 
Breastfed 
Age:Breastfed 

0.01 ( d e l )  
7.89 ( e l )  

5.97 (df=2) 
5.96 ( d e l )  
0.01 ( d e l )  

5.64 (df=2) 
0.44 ( d e l )  
5.20 ( d e l )  

4.65 (@2) 
0.24 (&l) 
4.41 (d+l) 

4.2 1 (d+2) 
1.76 (&l) 
2.45 (d+l) 

3.36 (W-2) 
3.17 ( d e l )  
0.19 (df=l) - 

* Three values are presented for each variable in likelihood ratio tests. 
a: Drop of deviance when adding both main effect and interaction terms. 
b: Drop of deviance when adding only main effect tenn. 
c: Drop of deviance when adding only interaction term into the mode1 with the main 
effect term. 



Table 4-18 Likelihood ratio test for length: variables added into the model sequentially 

Likelihood ratio statisitc P value 

Birth weight 
BW,lOO g 
Age:B W 

Mid-parentai height 
W H ,  10 cm 
Age:MPH 

Maternai age 20 I yr. 
Mage 
Age:Mage 

Gestational age 
Gestational age 
Age:gestational age 

NEC 
NEC 
Age:NEC 

BPD 
BPD 

8 l.86(&2) 
70.10(@1) 
Il .76(&l) 

52.2O(df=2) 
2 1.27(&l) 
30.93(&1) 

29.62(@2) 
19.98(df=l) 
9.64(&1) 

5 1 -6 1 (&2) 
5 1 .O4 (dfil) 
0.57 ( d e l )  

14.97 (&2) 
12.23(&1) 
2.74(&1) 

1 1.66(&2) 
1 1.23(&1) 
0.41(&1) 

4.24(dF2) 
4.08((dfil) 
O.l6(dF-1) 

A final growth model was fitted by dropping the nonsigniftcant interaction terms 

from the model one by one and checking the likelihood ratio statistics. In this model, only 

significant interaction terms were included. If an interaction term was signif~cant, both 

main effect terms would remain in the model. For variables without significant 
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interaction terms, ody those with signincant main eEect terms remained in the model, 

see Table 4- 19. 

Table 4-19 Estimates of fmed effects in the final mode1 for Length 

Value S td.Error z ratio 

(Intercept) 

sex 

birth weight, 100 g 

MPH, 10 cm 

mageQ0 yr. 

NEC 

CP 

BPD 

Gestation, wk. 

S lope: 

age 

age:sex 

age:B W 

age:MPH 

age:magel20 yr. 

sW(age) 

sqrt(age) :sex 

The factors which are associated with growth rate in length are birth weight, mid- 

parental height, maternai age and gender. The factors that are only associated with growth 

Ievel are gestational age, NEC, CP and BPD. Examination of the residual plots and the 
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distribution of estimates of the randorn effects for this nnal model provided no evidence 

that any of the model assumptions were invalid. Further, the Likelihood ratio tests 

suggested that no additional factors and interactions were necessary. 

The fixed effects in Table 4-19 aiIow to assess the details of the association between 

a factor and postneonatal growth whiie the potentiai confounding effects of the other 

factors were considered One way to express the association between a factor and 

postneonatal growth is to estimate the diffetences in length between infants with different 

exposure levels of a factor, assuming that they have the same other characteristics, Figure 

4-38. For the factors which influence growth rates, such Merences Vary depending on 

age. 

4 S k  - or- 

Figure 4-38 Relations between factors and length in VLBW infants 
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The LUiP "MPH" in Figure 4-38 represents average differences in length between the 

infants of parents with 10 cm difference in heigbt, assuming they have the same other 

characteristics which are known to be associated with the postneonatal growth. The 

differences between them represent the effects of the parents' height on length: 

The ciifference = hCants with 10 cm tailer MPH - cornparison infants 

The line "male" represents average differences between boys and girls. The line "B W' 

represents the differences in length of the infanu who were LOO gram heavier. The line 

"Gestation" represents the change in length if the infmts were one week longer in their 

gestational age. Each of lines of BPD, NEC and CP represents the differences between 

infants with the presence of the condition and infants without it. The line of matemal age 

shows the difference between infants of mothers wfio were 20 years or younger in age 

and those of mothers who were older than 20 years. 

The infants of taller parents were longer and grew faster than those of shorter 

parents; consequently, the difference between them iocreased with age. The infants with 

higher birth weight were longer and grew slightly slower than those with lower birth 

weight. The infants with longer gestational ages were shorter than those with shorter 

gestational ages. No differences were found in growth rate in length among infants with 

different gestational ages. infants with CP, NEC or BPD were shorter than those without 

these conditions, and the differences remained constant during the observational period. 

The infants of mothers who were 20 years or younger grew sIower than those of mothers 

who were older than 20 years of age. 
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Several factors were found to be associated with the postneonatai growth in length by 

bivariate analyses and the models without considering the confounding effects of other 

factors, but the associations of these factors and length no longer had statisticai 

significance after adding other variables into the models. They are the presence of SGA, 

PDA and Sepsis, the use of antenatal steroids, and maternai education. 

4.4.3.2 Deterrninants of weight 

Without considering the confounding effects of other factors, seven factors were 

found to be associated with postneonatai growth in weight with statistical signifrcance, 

see Table 4-20. They were birth weight, mid-parental heighî, the presence of BPD, SGA 

and NEC, matemal age, and the use of antenatal steroids. Arnong them, the birth weight, 

mid-parental height, the presence of SGA or NEC were associated with growth rate. 

To explore the association of a factor while considering the confounding effects of 

other factors, the variables were sequentially added into the model according to their 

contributions to the prediction of weight. The significance of the contribution of each 

variable was assessed by the likelihood ratio test. Variables which contnbuted to the 

prediction of weight were birth weight, mid-parental height, gestational age, matemal 

age, NEC and BPD see Table 4-2 1. 

The fixed effects in the final model for weight are presented in Table 4-22. Afier 

taking the confounding effects of other factors into consideration, birth weight, gender, 

mid-parental height, gestational age, materna1 age, NEC and BPD were found to be 



associated with the postneonatai growth in weight. Besides gender, four variables were 

found to be associated with the growth rate of weight. They are birth weight, gestationai 

age, mid-parentai height and matemal age. NEC and BPD were fond to be associated 

onIy with the growth Ievel of body weight. 

The examination of the residual plots and the distribution of estimates of the random 

effects for the growth model for weight provided no evidence that any of the model 

assurnptions were invalid. Further, the likelihood ratio tests suggested that no additional 

factors and interactions were necessary. 

Table 4-20 Fixed effects for weight: variables were added into the basic model 
individually 

Value Std-Error z ratio LR test* P value 
B irthweight 69.88(&2)" 0.000 1 
BW 0.166 0.0211 7.85 65.34(~lf=l)~ <O.OOO 1 
Age:B W 0.0022 0.00 10 2.14 4.54 (&l)' 0.033 

Mid-parentai height 43.79(&2) <O.OOO 1 
MPH 0.078 0.074 1.05 3.72 (de l )  0.054 
Age:MPH 0.021 0.0032 6.49 40.07(&1) <O.OOO 1 

BPD 24.95(d&2) <O.OOO 1 
BPD -0.45 0.088 -5.05 23.84(df=1) <O.OOO 1 
Age:BPD 0.0043 0.0041 1.06 1.1 l(df=l) 0.29 

SGA 1 7.43 (df=2) 0.0016 
SGA -0.18 0.089 -2.08 6.83(d+l) 0.0090 
Age:SGA -0.0 13 0.0040 -3 -28 1 0.6O(de 1 ) 0.001 1 

NEC 12.41 (df-2) 0.0020 
NEC -0.34 0.12 -2.93 6.75(d+l) 0.0094 
Age:NEC 0.013 0.0053 2.39 5.66(&1) 0.0 17 



(Table 4-20 continued) 
Value Std-Error z ratio Likelihood ratio test P value 

Matemal age < 20 yr. 1 1.56(&2) 0.003 1 
Mage 
Age:Mage 

Antenatal steroids 
Antenatal steroids 
Age:steroids 

SES 
SES 
Age:SES 

B reastfed 
B reastfed 
Age:Breastfed 

Sepsis 
Sepsis 
Age:Sepsis 

Materna1 school 
Mschooi 
Age:Mschool 

PDA 
PDA 
Age:PDA 

3.18(&2) 
-0.41 0.023 (del) 
1.78 3.16 (&1) 

- 

* Three values are presented for each variable in likelihood ratio tests. 
a: Drop of deviance when adding both main effect and interaction terms. 
b: Drop of deviance when addhg only main effect term. 
c: Drop of deviance when adding only interaction term into the mode1 with the main 
effect term. 



Table 4-21 Likelihood ratio tests for determinants of weight: variables added into the 
mode1 sequentialiy 

Likelihood ratio statisitc P vaiue 
Birthweight 69.88(+2) <O,OOO 1 
BW 65.34(&1) <O.OOO 1 
Age:B W 4.54(df=l) 0.033 

Mid-parental height 40.8 1 (df=2) 
MPH, 10 cm 2.3 1(&l) 
Age:MPH 38.50(&1) 

Gestational age 33.19 (&2) 
Gestational age 22.86 ( e l )  
Age:gestational age 10.33 (d6l )  

Materna1 age 1 20 yr. 2 1.46 (&2) 
Mage 12.1 1 ( d e l )  
Age:Mage 9.35 (&l) 

NEC 
NEC 
Age :NEC 

BPD 
BPD 
Age:BPD 



Table 4-22 Estimates of hed  effects in the final mode1 for weight 

Value Approx. SE z ratio 

(Intercept) 3.3445 1.3696 

sex 

BW, 100 g 

GA, week 

MPH, 10 cm 

Matemal age 

NEC 

BPD 

Slope: 

age 

log(age) 

age:sex 

log(age):sex 

age: bw 

age:GA 

age:mph 10 

age:Mage 

A detailed description of the association between each factor and the postneonatal 

growth in weight was presented in Figure 4-39. Infants of taller parents were heavier and 

grew faster than those of shorter parents. Infants with higher b h h  weights were heavier 

and grew slightly faster than those with lower birth weights. Infants with Longer 
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gestational ages were lighter and grew siightly slower than those with shorter gestational 

ages. Infants who had NEC were lighter tha. those without NEC, but there was no 

difference in the growth rate of weight between them. The infants with BPD were lighter 

than those without BPD. The Infants of mothers who were 20 years old or younger were 

lighter and grew slower than the iafants of mothers who were older than 20 years. 

Figure 4-39 Relations between factors and weight in VLB W infants 

4.5 APPLYMG GRCWTH MODELS TO INFANTS WHO WERE NOT INCLUDED IN THE STUDY 

SAMPLE 

To assess the generalizability of the growth models developed in this study, the 

growth level for each infant who was not included in the study sample was estirnated 

using the growth models. Only limited growth information was available for infants who 
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were not iiicluded in the present study sample. The predicted values in weight were 

pfotted against the observed values in Figure 4-40. 

Figure 4-40 Predicted and observed weights for infants who were not included in the 

present study 

The observed values distribute around the predicted values. The mean residuals for 

those infants were slightly higher than zero. The residuals are differences between 

observed weight and predicted values based on the characteristics of infants. The average 

residual is 0.10 kg. Therefore, the infants who were not selected for the present study 

were slightty (O. 10 kg) heavier than infmts with similar characteristics in the study 

sample, but the clinical significance of this is unclear. 



4.6 PREDIC~ORS OF SUBNORMAL GROWTH AT THREE E A R S  OF AGE 

4.6.1 For length 

To determine the factors which could predict subnormal growth at three years 

adjusted age, the infants were divided into two groups: s u b n o d  and normal growth 

groups. Mants with a growth measurement equai to or less ttian the median minus 2 SD 

of the NCHSIWHO reference at 36 months adjusted age were taken as subnormai in 

growth. The mean values of continuous variabIes of potentid factors for subnormai and 

normal groups are presented in Table 4-23. 

Table 4-23 Characteristics of infants with subnormd and normal growth in length at 
age three years: means 

Subnormal Normal 

(2 scores -2) (Z-score>-2) 
- ~p 

95% CI of 

Mean SD No. Mean SD No. Difference 

Birthweight, (g) 861.4 188.0 33 960.3 187.4 414 -165.5, -32.3 

Gestational age (wk.) 28.2 2.6 33 27.7 2.3 414 -0.33, 1.3 

Ponderai index 2.27 0.26 33 2.13 0.26 402 O.06,0.24 

Maternai age (yr. j 25.5 5.5 33 27.8 5.2 414 -4.1, -0.36 

Acute NCU (days) 61.2 38.5 33 43.7 31.4 414 6.2,28.9 

Mid-parental height, cm 166.8 6.1 30 170.9 6.0 340 -6.3, - 1.9 

The bivariate analysis showed that subnormal growth infants had lower birth weight, 

higher ponderal index, younger materna1 age, lower mid-parental height and Longer 
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hospital stay than normal infmts. Infants with subnormal growth in length at 3 years 

adjusted age were more likely to be infants with WGR, CP, BPD, and subnormal growth 

at 4 months adjusted age than the normal growth iafaats, see Table 4-24. 

Table 4-24 Characteristics of infants with subnonnai and normal growth in length at age 
three years: Proportions 

Subnorrnal No. Normal No. P valuea 

Male 5 1.1 3 3 46.1 414 0.55 

Apgar score less than 6: 

at 5 minutes 

Race, Non-Caucasian 

SGA 

Asyrnrnetric at birth 

CP 

BPD 

Necrotizing enterocolitis 

PDA 

RDS 

Sepsis 

Apnea 

Low SES 

Materna1 education 

(< 12 yr.) 

Subnormal growth 

at 4 months adjusted age 

a: P values of Chi square test. 
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Tu determine the predictars of subncrrmai growth in length at three years of age, 

logistic regession models were fitted. First, a model was fitted without the growth status 

at four months adjusted age. Five variables were found to be associated with subnormal 

growth for length at three years of age. Birth weight and mid-parental height were 

negativeIy associated with the occurrence of subnormal growth. Gestational age, CP and 

BPD were positively associated with subnormal growth in length, see Table 4-25. 

To assess the predictive importance of the previous growth status on growth outcome 

at thee years of age, an incikator of subnormal growth at 4 months adjusted age was 

postulated. The growth status at 4 montbs adjusted age was associated with subnormal 

growth at 36 months adjusted age with statistical significance, see Table 4-26. AAer 

taking the predictive contribution of growth statu at 4 months adjusted age into 

consideration, CP and BPD were no longer associated with s u b n o d  growth at 3 years 

adjusted age with statistical signifïcance. The point estimates of odds ratios for birth 

weight, mid-parental height, gestationai age, CP and BPD decreased (dose to 1) when 

growth status at 4 months adjusted age was included in the model. 

In this analysis, the variables such as birth weight, gestationai age and mid-parental 

height were taken as continuous variables assuming that the changes in the log odds of 

subnormal growth were the same per unit change of each of these variables within the 

observed age range. This assumption was examined by adding a quadratic tem or 

logarithmic term in the model and testing the change of the residual deviance between 



two models. No evidence was found against the linear relationships between these 

continuous variables and the log odds of subnormal growth at 3 years adjusted age. 

No interactions among the potential factors could be added into the model with 

statisticai significance. The= was no evidence against the assumption that the association 

between a factor and subnormai growth at 3 years adjusted age depended on the levet of 

other factors. 

Table 4-25 Odds ratios for subnomai growth in length at 3 years of age computed 

fiom logistic regression analyses: model 1 

Variable Parameter S.E. P value OR 95%CI 

BW, 100 g -0.4043 0.1439 0.0050 0.67 0.50,0.88 

MPH, 10 cm -1.5101 0.4335 0.0005 

GA, week 0.2960 O. 1 126 0.0086 

Materna1 age a 0  yr. 1.5500 0.5847 0.0080 

BPD 

CP 

Constant 



Table 4-26 Odds ratios for subnormal growth in length at 3 years of age computed h m  

logistic regression analyses: mode1 2 

Variable Parameter S.E. P value OR 95% CI 

BW, 100 g -0.3394 0.1636 0.0380 0.71 0.52,0.98 

MPH, 10 cm -1.3267 0.4572 0.0037 0.27 0.1 1,0.65 

GA, week 0.2652 0.1 186 0.0254 1.30 1.03, 1.64 

Maternai ageS20 yr. 0.8788 0.6736 0.1921 2.41 0.64,9.01 

BPD 0.9643 0.5618 0.086 1 2.62 0.87, 7.89 

CP 0.8569 0.6606 0.1946 2.36 0.65,8.60 

Subnormal at 4 mo. 1 -0714 0.5328 0.0443 2.92 1.03,8.30 

Constant 14.3 143 8.3504 

4.6.2 For weight 

Infants who were s u b n o d  in weight were found to have significantly lower birth 

weight, longer gestationai age, higher ponderal index, older materna1 age and higher mid- 

parental height than infants who were normal at 3 years adjusted age. Those subnormal 

infants had longer acute NICU stay than did the nonnal infants, but there was no 

statistical signifïcance, see Table 4-27. 



Table 4-27 The Characteristics of infants with subnonnal and normal growth in 

weight at age three years: means 

SubnonnaI Normal 

95% CI of 

Mean SD No. Mean SD No. DifTerence 

Birthweight, (g) 873.0 207.8 71 968.0 181.6 376 -142.3, -47.7 

Gestationai age (wk.) 28.5 2.9 71 27.7 2.2 376 0.2, 1.4 

Ponderai index 2.20 0.27 71 2.13 0.26 357 0.01,0.14 

Matenial age (y.) 26.0 5.6 71 27.9 5.2 376 -3.2, -0.59 

Acute NICU (days) 49.2 35.3 71 44.2 31.6 376 -3.2, 13.2 

Total hospitai stay (days) 90.9 36.9 65 87.5 34.5 344 -5.8, 12.7 

Mid-parental height, cm 168.2 5.6 57 171.0 6.0 3 13 -4.4, -1.1 

Intrauterine growth status (SGA), BPD, NEC, SES and subnormal growth at 4 

months adjusted age were aiso found to be associated with subnormd growth in weight at 

36 months adjusted age, see Table 4-28. A higher percentage of subnormai infants were 

SGA and subnomal at 4 months adjusted age. Also, a higher percentage of them had 

BPD while a Iower percentage had NEC. 



Table 4-28 Characteristics of infants with subnormal and normal growth in weight at age 

three years: Proportions % 

Subnormal No. Normal No. P value" 

Male 42.3 71 47.3 376 0.43 

Apgar score less than 6: 

at 5 minutes 

Race, Non-Caucasian 

SGA 

Asymmetric at birth 

CP 

BPD 

Necrotizing enterocolitis 

PDA 

RDS 

Sepsis 

Apnea 

Low SES 

Materna1 education 

(< 12 yr-1 
Subnomial growth 

at 4 months adj. age 

a: P d u e s  of Chi square test. 

The Odds ratios estimated fiom the logistic regression andysis are presented in 

Table 4-29, Only variables which significantiy contributed to the prediction of log odds 

of subnormal growth were included in the model. Higher birth weight and mid-parental 
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height are negatively associated with subnomal growth in weight while longer 

gestational age and younger maternai age are positively associated with subnormal 

growth at three years adjusted age in VLBW infants. The presence of BPD is positively 

associated with subnormal growth, but the association does net have statistical 

signif~cance. Since BPD is the oniy non-significant variable with P value <0.10, it 

remains in the final model. 

Table 4-29 Odcis ratios for subnormal growth in weight at 3 years adjusted age computed 

fiom logistic regression analyses: Mode1 1 

Variables Parameter S.E. P d u e  OR 95% CI 

BW, 100 g -0.4189 O. 1 130 0.0002 0.66 0.53,0.82 

MPH, 10 cm -0.8871 0.3039 0.0035 0.41 0.22,0.75 

GA, week 0.3427 0,0842 ~0.0001 1.41 1.19, 1.66 

Maternai ageQ0 1 -959 1 0.5030 0.0001 7.09 2.65, 19.01 

BPD O -649 1 0.3840 0.0909 1.9 1 0.90,4.06 

Constant 7.1679 5.7171 

Adding the growth status at 4 months adjusted age in the model, the variables such as 

birth weight, gestational age, maternal age and mid-parental height still remaineci 

associated with subnormai growth with statistical significance, see Table 4-30. 
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Subnormai growth at 4 months adjusted age is strongly associated with subnormal growth 

that 3 years adjusted age. Infants with subnormal growth at 4 months adjusted age were 

more likely to be subnormal at three years adjusted age. 

There was no evidence against the assumption of linearity between continuous 

variables and the log odds of subnormal growth. No interactions could be added into the 

mode1 with statisticai signrficauce by examining the change of the residual deviance 

between the modeIs with and without the interaction term. 

Table 4-30 Odds ratios for subnormal growth in weight at age three years computed fiom 

logistic regcession analyses: Mode1 2 

Variables Parameter S.E. P value OR 95% CI 

BW, 100 g -0.3467 0.1 195 0.0037 0.71 0.56.0.89 

MPH, 10 cm -0.8926 0.3 123 0.0043 0.41 0.22,0.76 

GA, week 0.2692 0.0857 0.00 17 1.31 1.11, 1.54 

Matemal agel20 yr. 1.21 12 0.5388 0.0246 3.36 1.17,9.65 

BPD O. 1955 0.4 153 0.6379 1.22 0.54,2.74 

Subnormai at 4 mo. 1 -6064 0.3713 <0.0001 4.99 2.41, 10.32 

Constant 8.39 17 5.8544 



4.7 PREDIC~ORS OF SUBNORMAL GROWTH DURMG N A N C Y  

Generaliad linear modcls for clustered datazJ0 via "genenilued estimatiag 

equations (GEE)" in the cornputer program of S statistical package were used to assess 

the associations between potentid factors and subnormai growth during the 

observaticnal period. In the GEE approach analysis, different correlation structures were 

used. However, the similar regression coefficients were obtained using different 

correlation structures. The findings reported in Table 4-3 1 to Table 4-34 were computed 

using the "exchangeable" correlation structure in the model. 

The iafants of taiier parents or with higher birth weight were less likely to have 

subnormal growth during infancy in both length and weight. The association between 

inid-parental height and subnonnai growth in weight increased with age in terms of odd 

ratio of subnormai weight. The odds ratio of subnormai weight of infants whose parents 

were 10 cm talier deviates M e r  f?om 1 as infants grew, see Figure 4-41. The 95% 

confidence intervals were caiculated based on the standard errors and covariances of two 

variables: mid-parental height and infant's age. Infants with NEC, longer gestational age 

(given birth weight) , and matenial age 1 20 years were more likely to have subnormal 

length. However, the association between NEC and subnormal length decreased with age. 

The odds ratio of subnormal Iength for NEC infants relative to non-NEC infants 

approaches one as infants grew, see Figure 4-42. rclfants with BPD, longer gestational age 

and materna1 age 1 20 years were more likely to have subnormal growth in weight. 



Table 4-3 1 Predictors of log odds of subnormal growth in length 

Estimate S.E. Z value P value 

Intercept 8.4046 3.4639 2.426 

age -0.043 5 0.0072 -6.067 <O.OOO 1 

mph, 10 cm -0.7828 0.1 809 -4.326 <O.OOO 1 

BW, 100 g -0.5650 0.07 12 -7.93 5 <O.OOO 1 

GA, week 0.321 1 0.0589 5.454 <O.OOO 1 

Matemal agel20 yr. 1.1588 0.3630 3.192 0.00 14 

NEC 1 .O52 1 0.3082 3.414 0.0006 

age*NEC (interaction) -0.03 1 1 0.0 160 - 1 -942 0.052 

TabIe 4-32 Odds ratios for subnormai growth in length computed from the GEE mode1 

Variables OR (95% CI) 

MPH, IO cm 0.46 (0.32,0.65) 

BW, 100 g 0.57 (0.49,0.65) 

GA, week 1.38 (1.23, 1.55) 

Maternai age 1 20 3.19 (1.56,6.49) 

NEC, at 4 mo. 2.53 (1 -454.40) 

NEC, at 36 mo. 0.94 (0.35,2.50) 



Table 4-33 Predictors of log odds of subnormal growth in weight 

Estimate S.E. Z value P value 

(Intercept) -2.1 062 3.6749 -0.573 1 

age 0.4694 O. 1634 2.8728 0.004 1 

age2 -0.0025 0,0004 -6.2023 <0.0001 

BW, 100 g -0.3677 0.00 19 -5.9359 <O.OOO 1 

GA, week 0.2226 0.0506 4.4007 <O.OOO 1 

MPH, IO cm -0.1294 O. 1968 -0.6576 0.5 1 

Matemal ageGO yr. 1.3753 0.3634 3.7845 0.000 15 

BPD 0.6556 O. 1983 3 .3054 0.00095 

age* MP H (interaction) -0.0234 0.0095 -2.47 1 5 0.0 13 

Table 4-34 Odds ratios for subnomal growth of weight computed from the GEE mode1 

Variab les OR (95% CI) 

MPH, 10 cm at 4 mo. 0.80 (0.60, 1.08) 

MPH, 10 cm at 36 mo. 0.38 (0.23,0.63) 

BW, 100 g 0.69 (0.6 1,0.78) 

GA, week 1 .25 (1.13,1.38) 

Matemal age QO yr. 3.96 (1.94,8.07) 

BPD 1.93 (1.3 1,2.84) 



Figure 4-41 Odds ratio of subnonnal growth in weight for infants of taller (IO cm) 

parents 

Figure 4-42 Odds ratio of subnonnal growth in length for infants with NEC 



CELAPTER F m :  DISCUSSION 

5.1 ~ ~ T R O D U C ~ ~ O N  

There were two major goals in this study: to desctibe the growth patterns and to 

identie the determinants of postneonatal growth in VLBW infants. Both classical 

methods and mked effects models were used to describe the growth patterns. VLBW 

infants were found to foliow different growth pattern h m  the normal tenn reference 

population. Selecting growth references has important impacts on the outcomes of catch- 

up growth in VLBW infants. Different growth outcomes were obtained using different 

growth references. infants with dserent perinatal and demographic characteristics have 

different growth patterns. Findings in this study show that age adjustment for the 

premature is an important concept for describing growth of VLB W preterm infants. 

Three modelling approaches were implemented to identiQ the determinants of 

postneonatal growth in VLBW infants. Mixed effects models were used to identify 

factors associated with growth level and growth rate. Logistic regression models were 

used to identifi predictors of subnormal growth at 3 years adjusted age. The GEE 

approach was used to identify predictors of subnonnal growth during infancy. Higher 

birth weight and higher rnid-parental height were positively associated with postneonatal 

growth while younger materna1 age and longer gestational age were negatively associated 

with postneonatal growth. Infants with BPD, NEC and CP were found to have puurer 
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growth during infancy. The detailed associations between each factor and postneonatai 

growth in length and weight were described in this study. The most important finding in 

this study is that the associations between potential factors and postneonatai growth have 

been quantified. Such quantification is important for assessing and predicting growth in 

VLBW iafants. The intent of this chapter is to discuss potential biases such as the 

representativeness of the study sample and issues related to growth assessrnent (such as 

selection of growth references and adjusting for prematurity), to review the findings 

withùi the context of contemporaneous studies, and to outline the weaknesses and 

implications of the study. 

5.2 REPRESENTATIVENESS OF THE STUDY SAMPLE 

The infants of the study sample had lower birth weight, shorter gestational age, older 

matemal age, higher maternai education and social economic statu, and higher 

prevaience of some adverse clinical conditions than infants who weighed 1250 gram or 

less at birth but were not included in the present study. The average growth levels in this 

study describe the growth status of infants with the characteristics of the present study 

sample. Therefore, the average growth levels of VLBW infants may be underestirnated in 

this study. However, the h a 1  goal of the present study was to describe the growth 

patterns of VLBW infants based on their perinatal and parental characteristics. The 

growth models ileveloped in this study could be representative of the general population 

of VLBW infants only under the assumption that the iafants who were not included in the 



146 

study due to incomplete follow-up grew similady to those in the study sample ifthey had 

had the s m e  perinatal and social demographic characteristics. Although the 

characteristics of the study sample were found to be different from those who were not 

included in the study, the difference in weight between predicted values using models 

developed in this study and observed values for infants who were not included in the 

present study was not substantid. Based on lirnited information available, infants who 

were not included in the study sample were found to be slightfy heavier (0.10 kg) than the 

study sample assuming they had sllnilar perinatal and parental characteristics. The causes 

of such differences are unknown. It might be due to the following: (a) infitllts with similar 

characteristics who were not included in the study were those with better growth 

outcornes than the study sample (selection bias); or (b) there rnight be some other factors, 

such as the severïty of illness, which affecteci the growth of VLBW infants and were 

distributed differeritly in the study sarnple than in other Uifants. Those factors were not 

taken into consideration in the present study (confounding effects). The change of growth 

status during infàncy in this snidy was a reasonable description of the change of growth 

status in VLBW infants since the cornparisons of growth status at dserent ages were 

based on the repeated rneasurements of aimost the same group of infants. Caution should 

be emphasized in any effort to apply the growth models developed in this study to a 

population with higher birth weight or to infants who are older than 3 years adjusted age. 
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5.3 AVERAGE GROWTH PATTERNS OF VLBW INFANTS 

The growth patterns were described in two levels: the average growth patterns of the 

study sample as a group and the growth patterns of infants with particular characteristics. 

The growth patterns of infants with particuiar characteristics wiii be discussed in section 

5.4.2 "Factors associated with postneonatal growth" in page 159. 

DifFerent approaches were used to describe the growth patterns of VLBW infants. 

The mean values of Z-scores represent the ciifferences in growth measurements between 

the observed mean of the study sample and the median of reference growth data in 

standard deviation units. The mean Z-scores were Iower than zero during the 

observational period for both weight and Iength, which suggests that the average growth 

Ievels of VLBW infants were lower than those of the reference populations. The average 

growth Ievels of the study sample estirnated by rnixed effects models were also Iower 

than the median of the growth references at al1 age groups for both weight and length. 

Like normal term infants,'93 a deceleration of growth rate was found in the study sample. 

However, as discussed above, these average growth levels may not represent the average 

growth levels of the population of VLB W infants since the study sample is different from 

infants who were nat selected for the present study in some perinatal and social 

demographic characteristics. 

Although the average growth levels are lower than those of the reference data, it is 

shown by both caicdating the mean Z-scores and estirnating the mean growth levels with 

the mked effects models that the growth status of VLB W infants in the study sample 
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improved with age for both length and weight relative to the Canadian reference, and for 

length relative to the N C H S M O  reference. The prevalence of subnormai growth 

decreases during Uifancy for both length and weight when using the Canadian reference 

and for length when using the NCHSlWHO reference. The prevalence of subnormai 

growth for weight relative to the NCHSIWHO reference increases before 12 months 

adjusted age and decreases aflerward. Catch-up growth was found for length regardless of 

which references were used. DifTerent results on catch-up growth in weight were obtained 

by using different references. Relative to the N C H S M O  reference, no catch-up growth 

in the fust 12 months adjusted age was observed while catch-up growth was observed 

relative to the Canadian reference. 

A recent Iarge sample study on the growth of low birth weight (S2500 g) infants by 

Casey et al7 reported that little catch-up waç found in tbree low birth weight groups 

inchding a group with the same birth weight category as the present study sample. 

However, by comparing growth rates of length among three groups of low birth weight 

infants, îhey did fuid that the lowest birth weight (11250 g) infants grew Faster than the 

0 t h  two groups at 12 months of age, which suggested some catch-up growth. No catch- 

up growth &er 12 months of age for length and for whole observational period (up to 36 

months of adjusted age) for weight was reported in their study. The differences between 

Casey et al's and the present study in terms of catch-up growth may be due to some 

methodological differences. Although the growth levels of low birth weight infants were 

compared with the NCHS growth reference in their study, no direct numerical 
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cornparisons have been made by means of Z-scores or prevalence of subnormal growth. 

The growth rates were only compared among three iow birth weight groups but not with 

growth ref-ences. The diflerences in the characteristics of the study samples might also 

be attributable to the discrepancies in the growth outcornes. Compared to Casey's study, 

the present study did not exclude infants who received more than 90 days of oxygen or 

were hospitaiized more thm 60 days d e r  40 week corrected for gestational age.7 The 

mean growth levels of the study sampIe are slightly lower than the mean growth Levels of 

the growth references developed by Casey et al. 

Some studies in the literature cepotted no catch-up growth in VLB W infants. Kimble 

et al. reported that average growth levels of length in AGA VLB W infants (<150 1 grams 

of birth weight) were between the 10th and 25th percentiles of the NCHS growth 

reference for weight, between the 10th and 15th percentiles for Length for boys, and 25th 

and 30th percentiles for girls during the fmt three years of life. No catch-up growth in 

VtBW hFants was fomd in theù ~ t u d ~ . ~  Karniski et al. reported the mean Z-scores of 

weight and length in VLBW infants and no catch-up growth was found.1° Both of the 

above studies were based on growth data of smaü sample sizes. The characteristics of 

theh study samples were different frorn those of the present study. On the contrary, 

Brandt reported that growth and development of very small AGA preterm infants was 

similar to that of full-tenn control infants, provided that the nutrition was adequate, the 

environmental conditions were favorable, and the age was corrected". However, the 

characteristics of the study sample are different fiom those of the present study. Some 
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higher birth weight infants were included in Brandt's study and the lowest birth weight 

lirnit was higher than that of the present study. Hirata et al. reported the growth levels of 

infants with 501 to 750 grams of birth weight up to 6 years of age and showed that catch- 

up growth did not occur before three years of age but occurred after 3 years of age.Ig4 

Obviously their study only included very small infants. 

Some studies showed the existence of an incomplete catch-up growth in VLB W 

infants. Both studies by Hack et al8 and Qvigstad et al' showed that the proportion of 

subnormal growth decreased as infants grew. Their findings are comparable to the 

fmdings of the present study. Although the VLB W infants showed some degree of catch- 

up growth, their growth Levels are still substantially lower than the median of the 

reference population and a substaatially larger proportion of infants than expected remain 

"subnormal". 

5.3.1 Growth references in describing growth patterns 

The differences in growth references fiom different populations have been realized in 

the literature. 12.6 1.88.89.9 1 However, a WHO working groupq2 pointed out that "for practical 

purposes they (the differences) are not considered large enough to invalidate the generai 

use of the NCHS population both as a reference and a standard." In this study, 

substantially dif5erent growth outcomes for the same group of VLBW infants were 

obtained using diicrent references: the Canadian (local) reference and the NCHSNHO 

(international} reference, especidly for younger infants. At 4 months adjusted age, over 
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twenty percent of uifants were cIassified as "subnormal" growth in either Length or 

weight using the Canadiaa reference but as " n o d  using the N C H S M O  reference. 

As the infànts grew older, more of them were classiIied as underweight using the 

NCHS/WHO reference than using the Canadian reference, 37% vs. 27% at 12 months, 

and 25% vs. 18% at 18 months adjusted age. 

The practicai impact of using the NCHSNHO reference and the reference data for 

breast-fed infants was discussed by examples of the growth data h m  developing 

countries and the growth data of Amencan and European formula-fed uifants; and the 

different results in growth outcomes were obtained by using different growth 

references6' in the present study, no differences in growth outcomes of VLBW infants 

using the Canadian reference and the breast-fed data were found; but both were dZferent 

fiom using the NCHS/WHO reference. 

The discrepancies in the growtti outcomes using different growth references make us 

suspect the validity of the current growth references. Deteminhg the rnost valid growth 

references is beyond the scope of the present study. However, the cornparisons of the 

charactenstics of the current growth references show that the Canadian growth reference 

seems to be more appropriate than the N C H S m O  reference for the present study 

population. The original National Center for He& Statistics (NCHS) growth c w e s  

were formulated in 1975.~' The reference data for ages 0-23 months was based on the 

growth data of a group of children in the FeIs Research Institute Longitudinal Study, 

collected from 1929 to 1975. The Canadian growth reference data were collected in more 
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recent years than the NCHSIWHO growth data. The Canadian growth reference was 

based on the longitudinal data collected in two cities, Montreal and Toronto, during 1977 

and 1978. '"* canadian growth daîa are longitudllial while the NCHSWHO growth data 

are cross-sectional. Aiso, the Canadian growth reference data were coiiected fiom 

populations with similar social contexts as the present study population. tt may represent 

the current expected growth of normal term infants in the same social environmentai 

context of population and with curent high breast feeding rates.''' The dineremes 

among growth references might also be attributable to the inconsistent findings on the 

growth outcornes in the previous studies since various growth references have been used 

in the literature.)**" It should be cautioned that even the same infant might be labeled as 

"subnormai" growth using one growth reference but as "normal" using another reference. 

As mentioned previously, a growth reference for low Firth weight infants was 

established by Casey et Low birth weight infants were divided Uito three different 

groups according to theu birth weights. The average growth levels for each group were 

calcuiated. These average growtti levels estirnated from the study sample can ody 

provide the Somation of the general growth status for a particular group of infants. One 

shouid be skeptical of efforts to apply aay average growth levels of a study sample to 

other groups of infmts with different characteristics. The present study indicates that the 

postneonatal growth patterns of VLB W infants depend on the characteristics of infants. 

Even for Ùifants fiee from adverse clinical conditions, the growth patterns are still 
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strongly associated with birth weight, gestational age, mid-parental height and gender. 

The difference in the growth outcomes among different studies rnay be amibutable to the 

differences in the characteristics among study samples. No average growth pattern fiom 

a single snidy sample are adequately representative of the growth of aii VLBW infants. 

Therefore, the characteristic specinc growth patterns are more informative than the 

average growth patterns for prediciing and assessing the growth of VLB W infants. The 

growth models developed in this study aüow health professionals and researchers to 

obtain the expected growth patterns of an infant or a group of infants with a specific 

combination of the studied characteristics. These expected growth patterns can be used as 

the references for growth monitoring. 

It should be pointed out that expected growth fiom the growth models is the average 

growth levels of infants with the same characteristics in the contemporary clinical and 

social environrnents rather than the "ideal" growth levels of the irifants. The predicted 

average growth levels for Infmts with BPD, NEC or CP or infants of teenage rnothers are 

low due to those adverse conditions. Even though the observed growth of an infant 

follows the predicted pattern by the models, this does not mean that the ùifaat's growth is 

norrnai. However, the predicted growth patterns from the models can be obtained based 

on birth weight, gestationai age, mid-parental height and gender assuming that the infant 

is free nom other adverse clinical conditions such as BPD, NEC and CP and is not the 

infant of a teenage mother. It is reasonable to believe that these predicted growth patterns 

may be taken as current acceptable growth patterns. 
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It may be questioned whether it is necessq  to have a growth reference developed 

fiom VLBW infants to assess the growth of VLBW infants. The reason against the use of 

this reference is that VLBW infants were not heaIthy newborns and the reference 

developed fiom this population did not represent the expected "standard" growth for 

VLB W infants. Hack and Fanaroff stated that "it is perhaps less curnbersome to use 

standardized growth charts (based on nonnal term infants) with the knowledge that 

deviations are normal." However, VLB W infants were found to follow different growth 

patterns fiom no& term infants in this study as well as in previous s t~dies .~ '  The 

growth reference for VLBW infants provides a useful tool to monitor the growth progress 

for VLB W infants. The growth levels in the majority of VLBW infants were found to be 

lower than the median of growth reference for normal terni infants and a substantial 

proportion of them were lower than the mean or median minus 2 SD. Therefore, the 

growth progress of VLB W infants cannot be easily observed using references for normal 

term infants. The reference for VLB W infants allows health professionals to compare the 

growth progress of an infant with those infants who have similar characteristics. 

5.3.2 Age adjustment for prematurity in describing growth patterns 

Although adjusting of age for prematurity seems intuitively correct and has been 

recommended for the growth assessrnent of preterm few studies have 

explored the necessary period for the adjustment in VLB W infmts discharged fiom 
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contemporary Neonatai Intensive C m  Units (MCU). ~randt" studied appropriate for 

gestational age (AGA) infants, most with birthweights <I 500 grams, in Germany; and 

concluded that the age adjustment for premahirity became unnecessary d e r  24 months of 

age for weight and about 3.5 years for length. However, the sample characteristics were 

different from those of the present study. The target population of the present study was 

VLB W infants discharged h m  the NICU in current ciinicai and social context. A recent 

study by Elliman et al.'' suggests that adjusting for pprematurity ir necessary even up to 7 

years of age for assessing growth in height in pretem infants with 2000 gram or less 

buth weight. 

The adjusting of age for prematurity is based on the belief that the expected 

postneonatal growth before terni for preterm infants is similac to inmuterine growth of 

fetus with the same "pst-conception" age. If the postneonatal environment were more 

favorable to uifants' growth than intrauterine environment is to the fetus, it might not be 

appropriate to adjust age by caiculating age starting from 40 weeks of gestation. The term 

"partial correction" for prematwity appeared in the literaturell" in which the adjusted age 

is calculateci fionî somethe before 40 weeks of conception. However, Brandt compareci 

the postneonatal growth of infants withour intrauterine gcowth retardation with the six 

intrauterine growth standards developed by different investigators and found that the 

postneonatai growth of preterm infants was Iower than al1 six intrauterine growth 

standards.' ' No reports have s h o w  that the postneonatal growth of preterm infants is 

better than the intrauterine growth of fetus with the same conception age before terrn. 
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Therefore, the partial correction for prematurity rnay have Little implication in assessing 

growth of preterm infants, although it may be useful in assessing other developmentai 

196 aspects. 

Empiricai evidence is provided on the differences in assessing growth status of 

VLB W infants using adjusted and unadjusted ages. The average growth level estimated 

by using adjusted age was higher than that estimated by using chronological age at each 

age group. However, the ciifference became srnailer as the infants grew. This finding 

suggests that the adjustment for prematurity is more important for younger infants than 

for older ones. The differences between adjusted and unadjusted Z-scores remallied 

statistically significant at the end of the observational period in the present study for both 

length and weight, which suggests that the necessary period of age adjustment for 

prematurity is beyond 3 years of adjusted age, which is difTerent fkom Brandt's 24 

months of age for weight," but consistent with Elliman's f'indings for height.15 

The differences in estimated prevalence of subnormal growth provide evidence of 

clinical and public heaIth importance of adjusting age for prematurity. A substantially 

larger proportion of infants were labeled as having subnormal growth if age was not 

adjusted, which may cause unnecessary referrals, investigations or misplacement of 

resources, especiaily in early ages. Under the assumption that adjusted age for 

prematurity is appropriate for assessing growth in VLBW infants, this adjustment should 

be done up to at least three years adjusted age. 
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Age adjustment for prematurity may dso influence our understanding of growth 

patterns of VLBW infants. Catch-up growih, which was meamred by an increase in 

average growth l e ~ e l ' ~ ' ~  relative to the growth reference data, or by a decrease in the 

prevaience of subnormd growth, 1-3.6.8.46 was obvious in VLB W infants using 

chronological age but not so obvious ushg adjusted age. Such hdings are comparable to 

Kamiski et ai's results for premature infants with higher biahweight than the present 

stuciy samP~e.'O 

5.4 DETERM~NANTS OF POSTNEONATAL GROWTH [N VLBw INFANTS 

5.4.1 Relations among potential factors 

Infants growtli is the result of a complex set of interrelated factors. Although the 

comprehensive possible relations among the perïnatal and sociai demographic factors 

have not been explored, this study clearly indicates that some of the factors are associated 

with each other. 

Extensive literaîure suggests that investigators differentiate infants into SGA and 

AGA groups when assessing growth and developmental outcornes. 8.1 1,132,149,151.197-202 The 

present study sample only included infants with birthweight 1250 gram or less, and ail 

infants with gestation age 32 weeks or more were SGA. The intrauterine growth status 

described as SGA or AGA is associated with both gestational age and birth weight. The 

SGA infants have Longer gestational ages and lower birth weights than AGA infants. 
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Some researchers mdied the association of intrauterine growth status and postneonatd 

growth by cornparhg the growth of SGA with birth weight or gestatiod age matched 

AGA infants.* Since the identification of SGA is based on a cut-off point of biah weight 

given gestational age, there is still a wide range of birth weight within the group of SGA 

or AGA ülfants. The intrauterine growth rates may be different among infants within an 

SGA or AGA group. The distribution of fetal growth ratio (FGR) shows that there are not 

two distinct groups of infants with different intrauterine growth status. Based on the fetal 

growth ratio, the severity of intrauterine growth retardation was measured. Mants with 

more severe intrauterine growth retardation tend to have longer gestational ages and 

lower birth weights. Whatever methods are used to assess the intrauterine growth status, 

the necessary information for in t rau te~c  growth status is provided by two variables: 

birth weight and gestational age. 

Miller and  ass sa ne in^^^ described different pattern of body proportions in newbom 

infants and interpreted these as different patterns of fetal growth. The finding of 

symmemcally srnall for gestational age infants was interpreted as the result of long 

lasting fetal growth retardation. Asymmetric growth retardation was considered a result 

of faltered fetal growth rate during the third trimester. The findings in the present study 

indicate that the body proportionality is associated with the severity of WGR. Contrary to 

the general belief in the literature, more severely growth-retarded newborns tend to be 

more disproportionate than less severely afTected neonates or those with normal fetal 

growth. These fmdings concur with the results fiom Kramer et al. 32,4 133.7 8 
[n the present 
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study the body proportionality was also found to be associated with birth weight, birth 

Iength and gestational age. Asymmetric infants appeared to be larger and more mature at 

birth than syrnmetric infants. 

The presence of BPD, a common clhical condition in VLBW infants, was found to 

be associated with various perinatal factors. Infants with BPD are smdler at birth with 

shorter gestation and have more severe ciinicai conditions than those without BPD, which 

agrees with previous snidies20~L10v125*1s8*'59 Although the details of the associations among 

potential factors were not presented in this study, there is sufilcieut evidence fiom this 

exampIe to believe that it is necessary to control the confounding effects when studying 

the association between a factor and the postneonatal growth. 

5.4.2 Factors associated with postneonatai growth 

Three different modelling approaches were used to i d e n w  the factors associated 

with postneonatal growth. The factors associated with growth patterns were determined 

using mixed effects models. Eight factors besides age were found to be associated with 

the postneonatai growth of body length in VLB W infants when confounding factors were 

taken uito consideration. These factors aïe gender, birth weight, gestationai age, mid- 

parentai kight, matemal age, and the presence of BPD, NEC and CP. Some factors, such 

as the use of antenatal steroids, IUGR, maternai education and the presence of PDA and 

neonatal sepsis, were found to be associated with postneonatal growth in length if 
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confounding factors were not taken into account in the analysis. These associations were 

no longer statistically significant when tbe confounding effects of other factors were 

accounted for. 

Deterninants of subnormal growth were assessed using logisticai regression models 

and generalized linear models for dependent data (GEE). The findings are consistent for 

four variables: birth weight, mid-parental height, gestational age and maternai age. 

Higher birth weight and higher mid-parentai height are positively associated with 

postneonatal growth outcornes. Longer gestationai age and maternai age 20 years or 

younger are negatively associated with postneonatai growth. 

5.4.2.1 Birth weight 

Even among VLBW infants, birth weight was found to be associated with 

postneonatal growth for both length and weight. Findings fiom both bivariate and mixed 

effects modelling analyses indicate that the infants with higher birth weight remain at a 

higher level but grow slightly slower in length and slightly faster in weight than infants 

with lower birth weights. Therefore, the difference between infants with different birth 

weights decreases with age in length and increases with age in weight, The fuidigs 

concerning the relationship of birth weight to growth confirm those of others. llL145 since 

the confouniting effects of some other factors are taken into account in the mixed effects 



models, the associations between biah weight and postneonatal gmwth are not 

attributable to the confounding effects o f  other factors included in this study. 

The results of logistic regression analysis and GEE approaches suggest that the 

infants with higher birth weight are less likely to be subnormal in both length and weight. 

These hdings are consistent to those in previous ~tudies.~" In Kitchen's study, lower 

birth weight predicted poor growth in ~ e i ~ h t . ~  Keiieher reported that infants with lower 

birth weight were more ke ly  to have growth deficiency (failure to thrive)? A recent 

study by Hack et al?*' shows that birth weight has a positive predictive value for the 

eight year height among low birth weight infants with a multiple regression analysis and 

that the higher birth weight infants are less likely to have subnormal growth in height at 

eight yean of age with a logistic regression analysis. The present study extended the 

previous studies by examinhg the detail associations between birth weight and the 

process of postneonatal growth. 

Figure 5-1 reflects the association between birth weight and postneonatal growth in 

VLBW infants with particular characteristics. For example, if a hypothetical infant girl is 

bom at 28 weeks gestation with mid-parental height 170 cm and no evidence of BPD, 

NEC or CP, her growth levels will depend to a large extent on birth weight. The 

estimated growth levels of length and weight for infants with assurned birthweights of 

500, 750, 1000. and 1250 grams are presented in Figure 5- 1. If the birth weight was 500 

gram, the estimated average growth levels are lower than 10th percentile of the reference 

data. I f  an infant has the same other characteristics with a biah weight 1250 grams, the 
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growth Ievels are expected to be close to the median of the reference data. Compared with 

the reference, the expected growth leveb for the infant are improving during the infancy 

for length. 

y - - - . - - -  Fmm the bottom 
1 O h ,  50th ,goth 
of NCHSMrHO 
reference 

- Biah weight 
From the Bottom: 
500 g 
750 g 
1,000 g 
1,250 g 

Figure 5-1 Birth weight and predicted length and weight for a hypothetical infant 
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5.4.2.2 Gestational age, intrauterine growth status and body proportionality 

Since the subjects in this study were infmts with birth weight Iess than 125 1 grams, 

the infants bom at longer than 27 weeks of gestation in the study sample did not represent 

infants with thc same gestational age in the population- Mmts  bom at over 27 weeks 

gestationai age may have b i i  weight hîgher than 1,250 grams. These infants were not 

included in the present study. Therefore, it is not appropriate to explore the association 

between gestational age and postneonatal growth through a bivariate analysis. However, 

since birth weight and other factors were taken into account in the mixed effects models, 

gestationai age was an indicator of intrauterine growth status rather than maturation of 

newboms. For infmts with the same birth weight, those with longer gestational age have 

poorer intrauterine growth status. After tiirth weight and other factors were taken into 

account, gestational age was negatively associated with growth Ievels of length and 

weight. Findings from GEE approach indicate that infants with longer gestationai age are 

more likely to have subnormal growth in weight and length. The results fiom logistic 

regression analysis suggest that the infants with Ionger gestationai ages are at a higher 

risk of being subnormal growth at 3 years age in both weight and length. 

As found by others, 833302 intrauterine growth status and body proportionality were 

found to be associated with postneonatal growth in bivariate analyses. They did not 

contribute m e r  to postneonatal growth afler birth weight and gestational age were 

included in the mixed effects models. This may be due to the fact that the information on 
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intrauterine growth status was provided by including gestationai age and birth weight in 

the models. The indicator of intrauterine growth status (SGA or AGA) had no further 

predictive value when birth weight and gestational age were in the model. This ikding 

suggests that including birth weight and gestationai age in the model can provide more 

information for predicting postneonatal growth than including an indicator of SGA or 

AGA. 

Classifying infants as symmetricdy or asymmetrically growth retarded by using 

ponderal index showed no additiod predictive value for postneonatal growth given birth 

weights and gestational ages. This is consistent with the statement by Kramer et al.78 who 

suggest that disproportioaaiity is a proxy for severe IUGR and cames littie or no 

additional risk. It is also consistent with the statement of Chart et ai.76 who believe that 

there is a continuum of birth weight and body proportionality rather than a distinct 

subgroup of asymmetrically growth-retardai infants. Peterson et aL206 also report that 

given birth weight and gestational age of a newborn, body proportionality does not 

contribute M e r  to judgment about fetal growth rate. 

To express the association of gestational age and postneonatal growth, the predicted 

growth patterns of the above hypothetical infant with 1000 grams birth weight and 

different gestational ages were estimateci and presented in Figure 5-2. If she had shorter 

gestationai age, she wodd have had higher growth levels. 



From the bottom: 
IOth, 50th ,90th 
of NCHSrnO 
reference 

Gestational age 
From the Bottom: 
32 wks 
30 wks 
28 wks 
26 wks 

Figure 5-2 Gestational age and predicted length and weight for a hypothetical infant 

5 A2.3 Mid-parental height 

Mid-parental height was found to be positively associated with postneonatal growth 

rate in VLB W infants in the present study. The infants of tailer parents grow faster than 
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those of shorter parents so the ciifference between infants of tailer and shorter parents 

increases with age. The same patterns of relationship exists &et adjusting the potential 

confounding eEects of birth weight, gestational age and other factors. The resuits of 

logistic regression suggest that shorter parental height predicted subnormal growth in 

both weight and length at three 3 years adjusted age. The findings fiom the generalized 

linear mode1 for dependent data (GEE ap~roach) suggest that the association between 

rnid-parental height and subnormal weight becomes stronger as infmts gow. 

AIthough severai parent-height-specitic growth references have been developed for 

80,101 children in the general population in the Literature, no studies have been found to 

descnbe the detailed association between mid-parental height and growth in VLB W 

infants like the present study. However, a positive association between mid-parentaf 

height and growth levels at a certain point in age was found in previous studies, 12.47 

which supports the findings of the present study. Kitchen et al? reported that lower 

matemal height predicted poor growth in VLBW children at eight years of age. 

Albertsson-Wikland and Karlberg found that the mid-parental height of SGA infants who 

did not show catch-up growth (less than -2 SD of the reference means) at two years of age 

was 0.9 SDS (standard deviation score) shorter than the parents of the children in the 

catch-up gro~p.46 in these previous snidies in the literaîure, the association of parental 

height and postneonatal growth was andyzed cross-sectionally. Therefore, the detailed 

relationships between parental height and postneonatal growth cannot be obtained in 

those previous studies. 
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Detailed relationships between mid-parental height and postneonatai growth were 

explored using statistical techniques for Iongitudinal data in the present study. To express 

how mid-parental height is associateci with postneonatd growth, &he predicted growth 

patterns of the above hypothetical infant with dierent mid-parental heights are presented 

in Figure 5-3. I f  her parents were taller, she would have a higher growth level and would 

grow m e r  in both length and weight. 



--------From the bottom: 
lOth, 50th ,90th 
of N C H S M O  
re ference 

-Mid parental height 
From the Bottom: 
160 cm 
170 cm 
180 cm 

Figure 5-3 Predicted length and mid-parental height for a hypothetical infant 
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5.4.2.4 Clinicai conditions 

Several clinical conditions were found to be associated with postneonatal growth in 

VLB W infants in the present study. Before considering confounding effects in the 

analysis, BPD, NEC, CP, PDA and neonatal sepsis were associated with postneonatal 

growth. Three conditions, BPD, NEC and CP, were associated with length; while two 

conditions, BPD and NEC. were associated with weight after considering confounding 

effects in the mixed effects models. 

The present study suggests that VLBW infants with histories of BPD have lower 

growth levels in both weight and length than their peers without BPD. This is consistent 

with most of the previous studies in the literature. 20.1 lO.l6O Sauve et al.' 'O exarnined the 

growth of infants with BPD as compared to controls, and found evidence of poorer 

growth in the infants with BPD. Meisel et al?' found poorer growth in infants with BPD 

in the second year of Life as compared to infants with respiratory distress syndrome but 

without BPD. 

The debate in the literatwe is whether or not BPD has an independent negative effect 

on postneonatal growth in very low birth weight infants. It was found in this study that 

the presence of BPD was associated with birth weight, gestational age and the presence of 

CP. Al1 of these factors were f o n d  to be associated with the postneonatal growth. It was 

also found in this study that when confoiinding effects of known correlates of 

postneonatal growîh were taken into consideration in the models, the ciifferences between 
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BPD and non-BPD groups were still statistically significant. Before considering other 

factors in the analysis, a stronger association was found between BPD and postneonatai 

growth. Infants with BPD were 0.43 kg lighter and 1.13 cm shorter than infants wiuiout 

BPD when only BPD, age and gender were in the mixed effects models. M e r  

considering confounding effects of other factors, infants with BPD are 0.30 kg Lighter and 

0.53 cm shorter than infants without BPD. The findings are contrary to the findings of 

three previous recent studies 157, 1.59207 in which the differences in growth outcorne 

between infants with BPD and infants without BPD were not significant when 

confounders were taken into consideration. These previous studies were limited by small 

sample sizes. They did not find a statistically signifïcant difference between infants with 

and without BPD but this may be due to the low statistical power in their studies. No 

reports have been found suggesting that the infants with BPD have higher growth levels 

than infants without BPD with or without statistical significance. Also, in the previous 

studies the duration of hospital stay was taken as a confoundig variable, wtuch is a 

proxy of severity of BPD. The true association between BPD and postneonatal growîh 

couid be masked by taking duration of hospital stay as a confounder in multiple 

regression analysis. 

The explanation for the fact that infants with BPD have poorer growth may largely 

relate to reduced energy supply and increased energy e~~enditure. ' '~ The poorer growth 

in infants with BPD can not be explained by the associations between the presence of 



171 

BPD and Iowa birth weight, poor intrauterine growth status or the presence of CP which 

were taken into account in the present analysis. 

The presence of NEC was found to be associated with growth in both length and 

weight while the presence of CP was found to be only associated with poor growth in 

length with statistical significance. The inability to fhd  the statisticaiiy significant 

association between CP and poor growth in weight in this study may be attributable to the 

infiequency of CP in the study sample. The presence of NEC requires tbat nutrition 

management be mtncted to parenterai nutrition for bowel re~t.'~' NEC and CP may limit 

the ability of VLBW infants to intake and absorb nutrients. From the generdized linear 

mode1 for dependent data, NEC was si@cantly associated with subnormal iength in early 

months but not in later months of We. 

Figure 5-4 shows the predicted growth pattern of the above hypothetical infant with 

and without BPD. She is expected to have a slightly lower 1eveI in both length and weight if 

she had BPD. 



Figure 5-4 BPD and predicted length and weight for a hypothetical infant 
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5.4.2.5 sociodemographic factors 

Among the sociodemographic variables in this study, only matemai age was found to 

be associated with postneonatal growth. M a t s  of mothers 20 years old or younger grow 

poorer than infants of mothers older than 20 years of age. M a t e d  education was found 

to be associated with the postneonatal growth in lengrh without cocsidering confounding 

effects of other factors, but no independent association was found between maternal 

education and postneonatal growth &er considering the confounding effects of other 

factors. The socioeconomic status was not found to be associated with postneonatai 

growth in VLB W infants. A few studies were found to investigate the relationships 

between sociai demographic factors and postneonatal growth in VLB W infmts. Contrary 

to the present study, Qvigstad et al.' reported that parental level of education was 

associated with gmwth outcornes, and Hack et al.' found an association between 

socioeconomic status and growth. No association between SES and growth was found in 

Fitzhardinge and Inwood's s t ~ d ~ ' ~ a n d  Bozynski et al.'r s t ~ d ~ . l * ~  It is possible that the 

sociodemographic factors have different impacts on the growth of VLB W infats in 

different social environment.. For this study population, SES and maternal education may 

not be important for predicting postneonatai growth. 



>20 yr. 
120 yr. 

Figure 5-5 Maternai age and predicted length and weight for a hypothetical infant 

Figure 5-5 shows the predicted growth patterns of the above hypotheticai infant with 

different maternai ages. The infant would be shorter and grow slower if her mother were 
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younger than 2 I years old. Maternai age here rnay capture the information of other 

bioIogical and social demographic variables. The young mothers may have lower 

education, lower SES or poorer prenatal care than the mothers who are older than 20 

years of age. Biologicdy, mothers of different ages are at different intrinsic maturity 

stages. Mothers of different ages may also have diEerent previous exposures to 

environmental factors. 

5.4.2.6 Gender 

The findings in this study on gender and growth are consistent with the those of 

previous studies. The preterm VLBW boys tend to be heavier and taller than girls during 

in fan^^."^" Although the Merences in length and weight between boys and girls are not 

constant boys remain longer and heavier than girls throughout infancy. Therefore, when 

assessing the growth status of VLBW infants, the growth of boys and girls should be 

assessed separately using diBerent references. 

5.4.2 -7 Antenata! steroid therapy 

Infants in whom antenatal steroids were administered were longer and heavier than 

inCants without the use of antenatal steroids. The findings of the present study are 

consistent with hose of previous reports. 161.162.173 However, the use of antenatal steroids 

did not contribute significantly to the postneonatal growth in VLB W infants while 
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considering the confounding effects of other factors in the models. It suggests that the 

improvement effect of antenatai steroids on growth may be indirect. 

It has been found that antenatal steroid treatment significantly reduces neonatal 

mortaiity and morbidity. 166,167 It is reasonable to suspect that the antenatal steroid therapy 

improves postneonatai growth through the reduction of the occurrence of clinical 

conditions which are associated with the postneonatal growth in the study sample. 

In the present study, infants with antenatai steroid therapy were found to have 

significantly higher birth weight than infants without antenatai therapy. The use of 

antenatal steroids was found to be associated with matemal age. The mothers who were 

younger than 21 year old are Iess Iikely to receive antenatal steroids than the mothers who 

were older than 20 years. infants who received antenatal steroid therapy had a 

significantly Iower prevalence of BPD than those without the use of antenatal steroids. 

It may suggest that the positive effects of antenatal steroid therapy on postneonatd 

growth is indirect. The use of antenatal steroids improves birth weight of newborns and 

reduces the occurrence of BPD among the VLBW infants. Consequently, the growtb 

status of VLB W infants is improved. 

Birîh weight, gestational age, mid-parental height, gender, matemal age and the 

presence of BPD, CP and NEC were significantly associated with the postneonatai 

growth in length. Birth weight, gestational, age, mid-parental height, gender, maternai 



age and the presence of BPD and NEC were significantiy associated with the 

postneonatal growth in weight. Biah weight, mid-parental height, gender and maternai 

age were related to the growth rate in length while gestational age, BPD, CP and NEC 

were only related with growth Ievels. Socioeconomic factors are not important in 

predicting postneonatal growth in our population of VLB W infants. 

Birth weight, gestational age, mid-parental height, matemal age and BPD predict 

subnormal growth in leogth while birth weight, gestationai age, mid-parental height, 

materna1 age, and NEC predict subnormd growth in weight. The growth status at 4 

months adjusted age is a predictor of subnormal growth at 3 years adjusted age. 

5.4.4 Analytic methods used in the present study 

Different statistical approaches were used in the present study. The classic approach 

of calculating 2-scores provide the general information on the growth patterns and 

associations between factors and postneonatal growth. The modelling procedures provide 

detaiied information on the associations. Three modeliing procedures were used in this 

study. Findings fiom different approaches are consistent though each has its own 

emphasis on a specific aspect of growth. Logistic regression was used to identim factors 

influencing subnomal growth at 3 years of age. Only longitudinal growth data obtained 

at one point in t h e  were used in this model. Loss of information is a disadvantage of 

using conventional logistic regression to analyze longitudinal data. This may decrease the 

statistical power. Another disadvantage is that the detailed association between factors 
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and growth cannot be obtained. The detailed association between each factor and growth 

were obtained using two modelling approaches for IongitudUial data. 

In the GEE approach, the factors associated with subnormal growth during infancy 

were determined. The changes of the associations were exploreci in this analysis. The 

information on the changes of the associations cannot be obtained using Iogistic 

regressions. 

In mixed effects models, the growth measurements are taken as continuous variables. 

The detailed association between factors and growth leveI can be obtained. Since the 

continuous variable of growth measurements are not categotized to two groups, mixed 

effects models utilized all the information that longitudinal growth data can provide. 

More variables were found to be associated with postneonatal growth using mixed effects 

models than using other two models. The approach of mixed effects models is more 

efficient than the other two modeiiing approaches in analyzing longitudinal growth data. 

5.5  LIMITATION^ OF THE STUDY AND IMPROVEMENT iN FUTüRE STUDIES 

5.5.1 Representativeness of the study sample 

The study sample was generated fiom a neonatai follow-up program which includes 

only infants ftom Southem Alberta and Southeast British Columbia. The findings may 

not be generalizable to infants in other geogmpbic areas. This could be Mproved by 

selecting a random sample fkom newborns or at best al1 the newborns with birth weight 
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1250 grams or Iess from a variety of geographic areas, and maintaining a high follow-up 

rate in future studies. 

5.5.2 Wide intervaIs between measurements 

Since the growth rate decelarates dinlng infancy, especidy in the early months of 

age, detailed growth patterns cannot be obtained with measurements taken in wide 

intervals. Infants were measured at four month intervais in the k t  year of Iife in this 

study. IdealIy, growth data should be obtained by seriai examinations at 1-month 

intervals in the fht year.'2 However, this may be impracticai in large sample midies Mce 

the present one. 

5.5.3 Uncontrolled confounding effects 

The growth of an infant is the result of complicated related factors. It is possible that 

some factors, not studied in this paper, were associated with postneonatal growth in 

VLBW infants. These possible factors inciude maternai prenatai care, severity of iilness, 

pregnancy exposwe to tobacco, alcohol and dmgs, and feeding problems during infancy. 

It is necessary to explore the predictive values of these variables in future studies. 

5.5.4 Short duration of follow-up 

It was found in this study that VLBW infants showed some catch-up growth but theu 

growth levels rernained substantially lower than the reference data by the end of 
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observation. Inf'ts were only observed up to 3 years adjusted age in the present study. 

Whether VLBW infants wiil catch up to normal term infmts and when this catch up will 

occur need to be annvered in future studies with longer duration of follow-up. 

5.5.5 inability to derive confidence intervals for predicted values 

Mixed effects models are still in the developmental stage. The confidence intemais 

of precücted values cannot be obtained using mixed effects models at this time. The 

relative position of an observed measurement to the distribution of predicted values 

could not be assessed directly. The 2-score and percentile of an individual's measurement 

cm not be calculated. Only the percent of predicted value can be obtained since only one 

point estimate of predicted value is available. 

Percent of predicted value = (Observed value/predicted va1ue)x 100% 

However, the distribution of population residuais is helpfd to assess the relative position 

of an obscrved measurement to the predicted values. 

5.5.6 Lack of nomai term control group 

In this study, the growth pattems of VLBW infants were only compared with normal 

term growth references. Therefore, the present study does not provide information on 

how the growth patterns of VLB W infants are difEerent from those of normal term infants 

from the same geographic area. 



5.5.7 Other dimensions of growth 

In the present study, only growth data of body length and weight were analyzed. 

Other dimensions of growth, such as head circumference, chest circumference and body 

fat are also important. Each represents a specifïc aspect of growth in VLBW infants. 

Those measurements were coUected in aii infants in the foiiow-up program but were not 

Uicluded in this study. Further studies should be conducted to describe the patterns and 

determinants of growth for different dimensions in VLB W infants. 



CHAPTER SIX. IMPLICATIONS 

Findings in the present study have implications in several areas: 1) growth 

assessments and growth predictions at cIinical or community settings; 2) prevention of 

poor Long term growth in VLBW infants; 3)recommendations for fùnue studies; and 4) 

analysis of longitudinal growth data. Each will be discussed below. 

6.1 GROWTI~ ASSESSMENT AND PREDICTIONS 

The growth patterns described in this study are helpfd to heaith professionals in 

understanding the growth process of VLB W infants. Findings on the differences in 

growth outcomes when dBerent references are applied to the same population w m  

health professionals that the growth references that they are using may influence the 

O bserved growth outcomes of VLB W infants. 

The growîh status estimated from the growth models established in this study can be 

used as a reference for growth monitoring. The major difference of this reference from 

other references in the literature is that it depends on the multiple characteristics of 

individuai infants. The growth rnodels developed in this study have potentiai to be a 

useful tool for health professionals to m e s s  and predict the growth of an individual or a 

group of VLB W infants. 



6.1.1 individual growth assessrnent 

The predicted growth levels of an infant with particular characteristics c m  be 

estimated using the growth models. Such growth levels may serve as reference data to 

monitor the growth progress of a particular infant. Also, the expected growth levels of an 

infant can be estimated based on birth weight, gestational age and mid-parental height 

assuming that he or she is fke h m  BPD, NEC and CP and that the mother is older than 

20 years. The predicted values can be taken as the "reasonable" expected mean growth 

levels, based on which the infmts at higher risk of poor growth can be identified. 

Since there are numerous combinati~ns of infants' characteristics, it is impractical to 

make a growth chart for infants with each combination of characteristics with a 

traditional approach. An efficient way to assess and predict growth based on the infant's 

characteristics is to develop a cornputer program based on the growth models described in 

this study. This program is easy for dietitiam and other health professionds to use in the 

clinicai settings. If we know an infant's perinatal and parental characteristics, we can 

predict the growth Ievels of weight and Length at any tirne between 4 and 36 months 

adjusted age. The predicted value at a specific time point is the average level of infants 

with similar characteristics. By comparing the observed value with the predicted value, 

we cm obtain the relative position in growth measurements of a particular Ilifant among 

those with similar "characteristics." This information is important for counseling parents 

regarding the growth status of the infmt. 
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When we have multiple growth measurements for an individual infant, we are able to 

observe how the reIative positions of growth levels of the infant among those with the 

similar characteristics change over time. Therefore, the growth progress of this infant 

over a certain period of time cm be accurately assessed, which is important for assessing 

the effects of an intervention on an infmt's growth. This is an advantage of using the 

growth models over using growth ceference data Erom normal term infants. Since infants 

with different characteristics foIIow different growth patterns, the characteristic specific 

growth curves provide appropriate references for cornparison. 

An example of comparing observed and predicted growth using the computer program: 

An infant is setected fiom our data base. This infant has following characteristics: 1) 

Gender: female; 2) birth weight = 1200 grams; 3) gestational age = 29 weeks; 4) Mid- 

parental height = 163 cm; 5) Matemal age = 33 years; 6) BPD=yes; 7) CP=no; and 8) 

NEC=no. M e r  entering the values of these predictive variables into the prograrn, we can 

obtain the preciicted growth levels of weight and length at any time between 4 and 36 

months adjusted age. Table 6-1 shows the predicted and obsewed growth measurements 

at several ages when the observations are available. In this computer program, the relative 

position of an obsewed value to the predicted value was expressed in three ways: 1) the 

absolute difference between obsewed and predicted values; 2) the ratio of observed over 

predicted values: and 3) the difference between obsewed and predicted values in standard 

deviations (Z-score). 



Table 6-1 Growth assessment: an example of predicted growth levels 

Adj. Age(mo.) Observed (O) Predicted(P) O - P (OR)% 2-score 

Weight, kg 

5 

8 

13 

18 

Length, cm 

5 

8 

13 

18 

The weight growth for this infant is very close to the average growth level of infants with 

sirnilar characterïstics. However, it seems the length lags behind the peers as the infant 

grows. Whether thcse differences are clinically significant enough to bring health 

professionals' attention to the secondary health or nutritional problems depends on the 

context in whicn the growth assessment is made. 

Since this infmt suffered from BPD which has negative impacts on growth, the 

above predicted values are not the "target" growth levels for this infant. Efforts shouid be 

made to treat infants with BPD in order to improve their growth status. Thetefore, our 

%rget" growth levels for this infant should be the growth ievels assuming she is fiee 

fiom BPD. In the cornputer program, these predicted growth vdues are labeled as 



"expected" values. Table 6-2 shows comparisons between observed and expected growth 

levels for this infant. Obviously, the observed values lag further behind the "expected" 

than the "predicted" values. 

Table 6-2 Growth assesment: an example of expected growth levels 

Adj. Age(mo.) Observed (O) Expectede) O - E (O/E)% Z-score 

Weight, kg 

5 5.9 6.17 -0.27 95.60 -0.33 

8 7.1 7.28 -0.18 97.49 -0.2 1 

13 8.2 8.65 -0.45 94.84 -0.45 

18 9.3 9.75 -0.45 95.42 -0.41 

Length, cm 

5 60.5 62.15 -1.65 97.35 -0.67 

8 65.5 67.27 -1.77 97.37 -0.70 

13 7 i .O 73.75 -2.75 96.27 - 1 .O5 

18 75.5 78.86 -3.36 95.74 - 1.23 

6.1.2 Assessrnent of a nutritional intervention at a population level 

Wher, assessing the impact of a nutritional intervention on the postneonatal growth at 

a population level, the randomization of treatment assignment is usually impractical for 

the population study. The resdts couid be distorted by the confounding effects. 

Sometimes, it is difficult to find an appropriate control group. Using the growth models 

developed in this study is heIpful for controlling confounding eflects. M e n  there are no 

control groups, the predicted values fiom the models can be used for comparisons. 
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6.2 PREVENTION OF POOR GROWTH 

Some factors influencing growth which were identified in this study are preventable 

before infants are bom. Efforts to prevent low birth weight births, teenage pregnancies, 

and adverse clinicd conditions such as BPD, NEC and CP have important imptications in 

preventing poor growth in VLB W infimts. Infmts with these conditions shouid be 

considered a priority group for special nutritional support and other interventions. For 

infants whose growth levels are lower than the predicted values, efforts should be made 

to identify the "secoadary" growth and health problems for consideration of early 

interventions when appropriate. 

6.3 RECOWENDATIONS FOR FURTHER STUDIES 

Growth models describeci in this study are recommended for fiiture studies in 

assessing the effects of nutritional and clinical interventions on postneonatal growth 

in VLB W M a t s .  The development of a user fnendly computer program which can 

generate the predicted and expected growth curves graphically is worthwhile for both 

clinicai and research purposes. 

The growth models developed in this study have been used to predict weights and 

lengths of 158 VLBW infants h m  another geographic area, Northern Alberta (the 

data were provided by Dr. C. Robertson). The prelirninary analysis shows that the 

predictions are satisfactory (results are not presented in this study). The growth 

models are recommended for growth prediction and assessrnent in the province of 
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Alberta, Canada. Whether these models are appropriate for VLBW infants fiom other 

provinces in Canada or other corntries needs to be verifïed in the future studies. 

In this study, intrauterine growth retardation was not found to be associated with 

postneonatd growth in VLBW infants. It has been commonly believed to be an 

infiuencing factor of gowth6' Findings in this midy challenge the common practice 

of dividing infants into two distinct groups: SGA and AGA. Further studies are 

required to determine an optimal way to measure intrauterine growth status. 

Matemal age was found to be associated with postneonatai growth in the present 

study. Materna1 age is a marker of biologicai, socioeconornic and environmental 

factors. Further studies are required to identify the true factors creating differences in 

posmeonatai growth between infants of younger and older mothers. 

The findings in this study suggested that age adjustment for prematurity makes 

substantiai differences in identiQing subnormai growth in VLBW infants. It is 

recornmended that the adjustment should be carried out throughout the first three 

years of life in assessing growth in VLB W infants. 

The interpretations of growth in VLB W infants Vary substantially depending on 

which reference is used. When comparing growth status of two populations fiom 

different studies, there should be a cornmon reference for both populations. 



6.4 ANALYSE OF LONGITUDWAL DATA 

6.4.1 Longitudinal data from perinatal foliow-up programs 

This study also showed the importance of the longitudinal data h m  Alberta 

Children's Hospital Perinatal Follow Up Program in assessing the outcomes of VLBW 

infants. Since the extensive information has been coiiected on perinatal and social 

environmental factors, and the multiple outcomes of VLBW infants over decades, the 

associations between various factors and different outcomes can be explored quickly 

based on a large sample size, which would otherwise take over 10 years to coilect data 

6.4.2 Mcdelling procedures for longitudinal data 

This is the first study to descnbe the associations between infiuencing factors and 

growth in VLB W infants with the use of rnixed effects models and GEE approaches. It 

has been shown that mixed effects models and GEE approaches are very powerfid 

statistical techniques that can be used to anaiyze longitudinal data for the associations 

between influencing factors and growth. A distinct advantage of these modelling 

procedures for longitudinal data over traditional methods is the ability to describe the 

details of the associations during the process of growth. They will be usehl tools for 

studying other developmental processes. 



CHAPTER SEVEN: CONCLUSIONS 

The general growth patterns for VLBW infants are different fiom the current growth 

references for normal term infants. VLBW infants are heterogeneous. Mmts with 

different characteristics follow different growth patterns. 

The observed growth outcomes are influenced by the growth references currentiy in 

use. For weight, VLB W infants show a trend of catch-up growth during infancy using 

the Canadian growth reference, but do not show such a trend in the fint year of iife 

using the NCHSIWHO. For length, a trend of catch-up growth was found using either 

reference. 

Age adjustment for prematurity makes substantial difference in assessing growth in 

VLB W infants. Such adjustment should be carried out throughout infancy . 

Various factors are associated with postneonatal growth in VLB W infants. For length, 

the factors that are positively associated with growth levels are: higher birth weight, 

higher mid-parental height, and male gender. The factors that are negatively 

associated with postneonatal growth levels are the presence of BPD, CP and NEC, 

young matemal age, and longer gestational age given birth weight. Except for the 

presence of CP that is not significantly associated with body weight, al1 other 

variables have the same directions of associations with body weight as they do with 

body length. 
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The detailed association between factors and postneonatai growth described in tbis 

study allow accurate predictions and assessments of postneonatal growth in VLB W 

infants. 

The modelling procedures, the mixed effects models and the generaiized estimating 

equation approach, provide more information than conventional methods in analyzing 

longitudinal growth data. 
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oc antlfungal 

Ocher dlutccLc 
( s p e c i f  y )  

Indocid 

A t  ropfae 

Pavulon ( Psncuroaltm) 

Dopaalne 

~ O L O C Y  
Wood Produccr (cimes @van) 

Packcd rbc &/or vhole blood ( 50-5 1) 

Plarma (52-531 

Plrteleti/UBC (54-55 1 
*O0 = a o t  given 
99 - u n k n m  

emacocric: max. (SI) ( 56-58 

: d a .  (SI) (59-6L) 



Pa::LaL Exchrngc 

*CL0 cciag Disorder 
*O - nona 

1 - chrombocycopeaia aalj 
Z - OfC (Inci .  Throabocy~openial 
8 - Other 

( ipcc i fy)  
9 unknovn 

Days ou phococherapy 

Exchange Transtusion 

*Etlology 
*O - n/a 
1 - blood group i n c o a p a e i b i l i t y  
2 - o t h e r  

Sepr 1 i Oork-upi 
More chan 2? 

*Gork-upi on Day of Del lv r rp  
Blood 

CSF 

SCOOL 

Urine 

Auger/Trachea 

S k i n  

Other 
(cpecffy)  

CSF 

SC001 

Urine 

àugct/'fracùea 

S u n  (35-36) 

Oc ber (37-38) 
{rwcify) 

Work-up codes 
00 - aoc doua 
O t  - no grovth 
O2 iraph. r lbua/epide~dis lcoaguLrre  neg 
03 - rcip.  mrrrus /coagulua  ps  
04 - E. COL; 05 - UebmiclLa 
06 - pseudomoarr 
Of - BacterIoder  
O8 - Proteus 
09 = Croup A Screp 
10 - croup m scmp 
L i  Screp fecaifr lgamaa icrep 
12 - Ocher 

( ~ p e d f y )  
13 - Ocher 

( i p e c i f y )  
99 - no r e p o r t  

L - yer. one a n l y  
2 - yes,  more t h  one 
9 - u n k n m  

scan ((42) 

(Incerpracac Lon) 
:us - n ( 4 3 )  

*O - nc t  donc 
1 - n o m a l  
2 - abnomal 
4  - suspect 
9 - unknovn if doue 



*Aga of o n i r c  (d iys )  (45-47) 

* a a  eeaolvad <dryml (Pa-50) 
'000 - n/a 
001 - b f r t h d r c e  o r  Day 1 
998 - aoc p r i o r  t o  discharge 
999 - uuknoim - 

1 - C 1 hour 
2 - L eo 24 hours 
5 - > 24 hours 
9 = unknova 

type and Durariou 
Pas. press. verre.? 

Tracheaa comy 

Orocricheal  Tube 

'asd  oirrouing 

oac-excubrcioa afruay obatnrerioa 

neumopericardf um 

cher 
(spccify)  U 

'.aiel Cathecerl ta t ion and üuraeioa 

h b i l i d  u c e r y  u c h .  

*Days Cachccerized 
*O0 - S/A  
01 -6 26 hrs. 
02 - 2 daya, etc. 
98 - ) 98 dayr 
99 - unluiovn 

c h e r  arcery Clch. 

WOayr u c h e e e r i z e d  
*O0 - II* 
OL - 6 2 1  hrs. 
02 - 2 dagr, ecc. 
98 - 3 98 drys  
99 - unLaoun 

L - vaac. crans. 
2 - vaac. pna. 
8 - ocher 
9 - unknom 

1 episode venc. support i::) 



VSD 

Pers i s tene  F a t a l  Circulacion 

*Ocher 
*O - none 
1 - ASD 
2 - pulmonic i t e n o s i r  
3  - t r i n r p o r l t i o n  
4 - coacccacion 
8 - ocher 

( s p e e i f y )  

- l e t c  
*O - rio 

1 - yer. aponc. vlth cube 
2 - yeâ, poic-op. v i t h  t u k  
3 - yer, spont. no cube 
4 - Ter, poit-op. no Cube 
9 - unluioun 

Eophysema 

*Orhet 
*O - noue 

1 1 1~36-37;  

1 - a s p i r a t i o n ,  aoc mconium 
2 - hypoplascie lung 
3  - puln. heaorthage 
4 - pneuaonLi, pneumonitir 
5 - branchial 8 t e n o a L  
8 - ocher 

C spec l fy)  
9 - unknow 

B - o t h e r  
< i ~ e e i f i . )  

e u r o l a ~  
Per lphera l  Jerne I n j u r i e s  



I x r a w e n t t L c u l a r  
'O - a0 
L - grade 1 W l d )  
2 - grade 2 (moderace) 
3 - grade 3 ( w d e r ~ c e )  
4 - grade 4 (Large) 
0 - yes, grade ~ k o o u u  
9 - unitnuun 

Hypaxic Lscheaic Encephiloprchy 

+O - aone 
1 - CDWhfp d l c k  
2 - c l u b  fooe 
3 - supemurP.ty digi t .  
O - coag. amputation 
8 - oche t  

( r p r d f y )  
9 - U U ~ ~ O M  

*Xouch. L a m .  Triche. 
Jbnomdf  t fe i  

*O - noae 
I - cong. s t r f d o t  
2 - s u b g l o t t i c  s e c n o r i s  
3 - c h f t  prlrte &/or U p  
k - suprag locc i t /g lo t f  i c  

icqufred rbao&itier 
8 - ochcr  

d s e v h e r e  
Choanal a c r e r i a  

TrZsoey 
*O - no 
i - yes,  21 
2 - yes,  ocher 
3 - yes, type unbiovei 
4 - suspect  
9 - unknoun 

O t h e t  syndtoue 
( a p e d f y )  u 

VaecuLarL r a t i o n  CoœpLece? 

+ C o q  . Abnotsal l ty  
*O - none 
L - caca tac t ,  un i la teca l  
2 - ca ta racca  , b f l a c e r a l  
8 - ocher  
9 - unknovn 

aRe:fnopa~hy of p t e m t u r l c y  
*O - no 
1 - yrs , grad. L 
2 - y e s ,  grade 2, etc.  
3 - Y.#, p.de 3 
4 - yes, grade 4 
6 - pas, g r a d e  3+ 
8 - yes, g r a d e  rrnimova 
9 - unknova 

* R e c r o ~ e u c d  f i b r o p l a s f a  
*O - no  
t - yes, grade L 
2 - yes, grade  2 
3 = Fer, grade 3 
t - yes, g r i d e  O 
8 - yea. grade tsnknocm 
9 - unh0y11 

cryopexy ? 

*x* f .C.U. m I Y G  
*O - u o m u l  

1 - abrtors.1 
I - a u r p e c t  
9 - unknoun 

DfSCECWE SmmARY FOR!! # 
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