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ABSTRACT

Objectives: To describe growth patterns and to determine factors that are associated with

postneonatal growth in VLBW infants from Southern Alberta.

Study sample: Five hundred and fourteen VLBW infants born between 1977-1992 were

selected from the Alberta Children’s Hospital Perinatal Follow-Up Program data base.

Methods: 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 perinatal factors were examined for their potential relationship to

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

subnormal growth were determined using a generalized estimating equation approach.

Results:

1. The mean growth level of VLBW infants remained significantly lower than those of
references. Catch-up growth occurred during infancy for length compared to either
the NCHS/WHO or the Canadian refcrence. For weight, no catch-up was found in the
first year compared to the NCHS/WHO reference while catch-up growth 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
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factors that were negatively associated with body length were the presence of
bronchopulmonary dysplasia (BPD), cerebral palsy (CP) and necrotizing enterocolitis,
young maternal age, and longer gestational age given birth weight. Except for the
presence of CP that was not significantly associated with body weight, all other
variables had the same direction of association with body weight as they did with
length.

3. Mid-parental height, birth weight, gestational age, maternal age and necrotizing
enterocolitis were found to be predictive of subnormal length, and mid-parental
height, birth weight, gestational age, maternal age and BPD to be predictive of
subnormal weight.

Conclusions: Models were developed describing detailed associations between perinatal

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

significant impacts on length or weight are birth weight, mid-parental height, gestational

age, maternal age CP, BPD, NEC and gender.
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CHAPTER ONE: BRIEF 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 grams
at birth. Reports from several countries show that children with VLBW often grow poorly
in early childhood,"* but the growth patterns of VLBW infants have not been well
described. Findings on the growth outcomes in VLBW infants in the literature vary.
Some studies have shown that there is no or little catch-up growth,“‘[o while others have
found some catch-up growth"* or satisfactory catch-up growth."' 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 growth references are now available.'*" 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."* It is unknown
whether different growth outcomes would be obtained if different growth references were
used for the same individual and the same group of individuals of VLBW infants. Since
most VLBW infants are premature at birth with gestation less than 37 weeks, age

adjustment for prematurity is crucial in the assessment of their growth. Very few studies



have explored the necessary period of age adjustment for prematurity in VLBW
infants.'"?

Various factors may influence the postneonatal growth of VLBW infants; such as 1)
the maturity and growth status at birth which can be stated in terms of birthweight,
gestational age and intrauterine growth retardation(IUGR); 2) Perinatal clinical
conditions: bronchopulmonary dysplasia, necrotizing enterocolitis, cerebral palsy,
hypertension during pregnancy, and maternal smoking; 3) social economical factors:
maternal education and family social economical status; 4) genetic background: mid-
parental height and maternal race; and 5) feeding practices and feeding problems. The
understanding of the association between these factors and postneonatal 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 literature suffer from several

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

measurements, #5519 2) analyzing longitudinal data with cross-sectional statistical

1-3,8 20-23

methods, ™" and 3) small sample size
1.2 RESOURCES FOR THE PRESENT STUDY

Longitudinal growth data have been 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 determinants of growth in VLBW infants. The growth data



from the ACH Perinatal Follow-Up Program are population-based in Southern Alberta.
Since infants were routinely measured 5 times during 4 and 36 month adjusted ages, the
change of growth status over time and the factors that might affect the change could be
investigated.

The statistical analysis of longitudinal data presents special opportunities and
challenges. Longitudinal growth data tend to have the following characteristics: a) The
serial growth measurements within an individual are likely to be correlated with each
other; b) the measurements are unequally spaced; and ¢) missing data and attrition are
unavoidable. Because of these characteristics of the follow-up growth data, standard
multivariate procedures are usually not applicable to the population-based longitudinal
growth data.** Modelling methods for longitudinal data have recently become available

26-30
to researchers.

1.3 STUDY OBJECTIVES

The objectives of this study were to describe the postneonatal growth patterns of
VLBW infants and to identify the determinants of growth in VLBW infants. To fulfill the
objectives, attempts were made to answer the following questions: 1) How do the growth
levels of VLBW infants, relative to the 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 the growth levels depend on the

perinatal and social environmental characteristics of infants? 4) What factors are



associated with the growth levels and the change of growth levels? 5) What are the
expected growth levels of VLBW infants free from adverse clinical conditions? and 6)

Who will be more likely to be “subnormal” in growth?

1.4 STUDY SAMPLE

The longitudinal growth data of 514 VLBW infants was analyzed in this study. The
study sample were selected from 1007 infants who were born during January 1977 and
May 1992, weighed 1250 grams or less at birth and survived 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 41, 8+1, 12+2, 1843, and 36+6 months of adjusted age. Only
infants with four or five of five sets of the follow-up growth measurements were included
in this study. Infants with noticeable congenital 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 frequent adverse clinical
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
NCHS/WHO, the Canadian, and the growth reference for breast fed infants. Three
modelling procedures, (1) mixed effects models, (2) the Generalized estimating equations
(GEE) approach and (3) logistic regressions, were conducted to assess the associations

between potential factors and postneonatal growth.

1.6 MAJOR FINDINGS

The average growth levels of VLBW infants were found to be substantially lower
than the median of reference data. Growth status of VLBW infants in both length and
weight improved with age during infancy when compared with the Canadian reference.
Catch-up growth in VLBW infants was found for both length and weight relative to the
Canadian reference. When compared with the NCHS/WHO reference, catch-up growth
was found for length but not for weight in the first year of life. Although a trend to catch-
up was found, the average growth levels of VLBW infants remained significantly lower
than the median of reference data by the end of the observation.

Various factors were found to be associated with postneonatal 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 maternal age were aiso



associated with postneonatal growth in both weight and length. Larger birth weight
infants remained longer and heavier during infancy 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 gestational age appeared to be shorter and lighter than infants
with shorter gestational age. Since birth weight was included in the model, the gestational
age here was an indicator of intrauterine growth status rather than a measurement of the
maturation of neonates. For the same 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 from
BPD, NEC and CP; five perinatal characteristics, birth weight, gestational age, gender,
mid-parental height and maternal age, were important predictors of the postneonatal
growth in VLBW infants.

Some facters such as intrauterine growth retardation (IUGR) and body
proportionality which were found to be associated with growth status in the preliminary
analysis were not associated significantly with postneonatal growth in the mixed effects
growth models. [t may be due to the fact that the information provided by [UGR and

body proportionality have been captured by including birth weight and gestational age in



the models. The diagnosis of [UGR is based on the birth weight and gestationat age of
infants. The body proportionality of neonates was found to be associated with the severity
of [UGR. Given birth weight and gestational age, including either indicators of [UGR and
body proportionality did not provide extra predictive values for postneonatal growth in
VLBW infants.

The factors related to subnormal growth were identified using the GEE approach and
logistic regressions. Mid-parental height, birth weight, gestational age, maternal age and
necrotizing enterocolitis were found to be predictive of subnormal length, and mid-
parental height, birth weight, gestational age, maternal age and BPD to be predictive of
subnormal weight. The predictive value of necrotizing enterocolitis for subnormal length
decreased, and the predictive value of mid-parental height for subnormal weight

increased as infants grew.

1.7 IMPLICATIONS

The growth patterns described in this study are helpful to health professionals in
understanding the growth process of VLBW 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 assessment of
VLBW infants.

Findings on the differences in growth outcomes if different references are applied to

the same population warns health professionals that the growth references being used



may influence the estimated growth outcomes. The necessity for developing an
appropriate growth reference for VLBW infants is suggested.

Findings on the determinants of growth in this study have important implications for
preventing occurrence of subnormal growth in VLBW infants. Different analytic
approaches have been used for the present study. The modelling procedures for
longitudinal data have been shown to be powerful statistical techniques for analyzing

follow-up growth data.



CHAPTER TWO: LITERATURE REVIEW

2.1 VLBW INFANTS

2.1.1 Terms in classification of birth weight and gestational age’"

Low birth weight: birth weight<2500 grams

Very low birth weight: birth weight <1500 grams
Extremely low birth weight: birth weight <1000 grams
Preterm birth: gestational age <37 weeks

Very preterm birth: gestational age < 32 weeks

2.1.2 Intrauterine growth status
It is now clear that the determinants of poor fetal growth differ from those of

11,32-35

preterm delivery. Intrauterine growth impaired infants are more likely to have other

adverse consequences in infancy and childhood in terms of mortality, morbidity, and poor

81123369 Therefore, it is important to distinguish the

growth than unimpaired infants
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 growth status.'' Infants with poor

intrauterine growth have been referred to as small for gestational age (SGA) or as having



10
intrauterine growth retardation or intrauterine growth restriction (IUGR) by different
ways:

e Birth weight below 10th percentile of intrauterine growth reference'*>>>~6:40-45
& Birth weight below -2SD relative to the intrauterine growth reference mean or

median.****! or birth weight below the 3rd petc:entilc:.s2
o Fetal growth ratio (FGR) less than 0.85.%4'"
These cut-off points are arbitrary. While the 10th percentile is similar to 0.85 FGR (9th
percentile) for term infants, the -2SD criterion is more stringent. The former is important
as a screen for neonatal problems, and the later is important to identify those who need to
be most closely observed and followed®®. 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 assessment of fetal

45,51,54-58

growth by clinicians, public health practitioners, and researchers. Perhaps the

most widely used reference is that of Lubchenco et 211,45’54 which is derived from a single
hospital and constructed for weights, lengths and Ponderal indices of liveborn Caucasian
infants of white and Hispanic mothers of predominantly low socio-economic status living
at moderately high altitude near Denver, Colorado, USA. Gestational ages are based on
the last normal 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 sample and the fetal growth-restricting effect of high altitude, they



11
continue to be used by many clinicians and researchers. Usher and McLean based their
reference curves on liveborn, singleton, white infants at a single hospital in Montreal,
Canada. Gestational age to the nearest week was estimated on the basis of LMP.>' A
more recent birth weight reference has been published based on the birth weights of over
one million births in Canada from 1986 to 1988.” Gestational ages in completed weeks
were reported 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.” Despite the many differences in calendar times,
population characteristics, and methods of estimating gestational age, the similarities
among the various references are more striking than their differences.®' Birth weights in

3960 reference do not exceed those of the other references until term.

the recent Canadian
Recently, Robertson et al®® have developed a local intrauterine growth reference based on
birth weight data from 1985-1995 in the province of Alberta, Canada. This reference
perhaps is the most appropriate one for assessing intrauterine growth of newborns in the
province of Alberta because the data were locally coliected in the most recent years.

The assessment of intrauterine growth status is based on birth weights at given
gestational 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.’>*"* classified SGA infants into three different groups

according to the magnitude of fetal growth ratios (FGR), which conveys more
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information on the intrauterine growth status of newborns. Tenovuo et al. measured the
severity of intrauterine growth retardation by the different percentiles of birth weight
given gestational age.63

The body size at birth like body sizes at any other times of life, is the cumulative
result of the impacts of multiple factors. The diagnosis of SGA is based on an arbitrary
cut-off point on a continuous variable, the birth weight given gestational age. It may be
hypothesized that, even within a group of AGA or SGA infants, the lower birth weight
newborns might have been exposed to more adverse prenatal factors than those with
higher birthweight. Therefore, actual birth weight given gestational age rather than
classifying infants into different groups may capture more information on etiology and
prognosis of VLBW birth. Using model 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 retardation to be a heterogeneous entity
comprising two distinct patterns of growth in fetal body proportions42'44’53'64'69:
symmetric (proportionate) and asymmetric (non-proportionate). Different approaches
have been used in the literature to define asymmetric retardation. The most commonly

42.44.33.64-69 Newborns with a ponderal

used of these is based on Rohrer’s ponderal index.
index less than a cut-off point, usually the 10th percentile of the reference, are considered

as “asymmetric.” The body proportionality at birth may capture information about the
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timing of growth retardation as well as the nutritional status of newborns. Symmetric
retardation is believed to result from factors present throughout the pregnancy.
Asymmetric retardation is believed to arise in the third trimester. Findings on the
association between body proportionality and postneonatal outcomes are inconsistent.
Some researchers find a higher mortality and morbidity in the symmetric group, ">~
while others find the asymmetric group to be at greater risk.”"* Some studies show that
classification of symmetrically or asymmetrically growth retarded using the neonatal
ponderal index has no prognostic signiﬁcance."""'76 For the outcomes of growth,
asymmetrically retarded infants were found to have a more favorable growth outcome

124671 Contrary to the

than those who are symmetrically retarded by some researchers.
general belief, Kramer et al.” report that proportionality is associated with the severity of
intrauterine growth retardation in newborns, and that asymmetric [UGR infants tend to be
more severely growth retarded than their symmetric counterparts. Once the severity of
retardation has been controlled, the body proportionality appears to be of little if any
etiologic*! or prognostic irnportance.78

However, the association between body proportion and severity of [UGR in VLBW
is still not clear. If body proportionality is associated with the severity of IUGR, it may
still be a valuable indicator for the postneonatal prognosis, especially when gestational
age Is not available and the severity of IUGR can not be assessed. [t is also interesting to

know if body proportionality can provide extra information for growth prognosis in

VLBW infants given the severity of [UGR.
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2.2 GROWTH ASSESSMENT IN VLBW INFANTS

2.2.1 Growth references

A growth “reference” and a “standard” are different.’' A growth reference is defined
as a tool for grouping and analyzing data and provides a common 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 norm or
desirable target, and thus involves a value judgment(’l. To assess the growth status and to
identify subnormal growth of VLBW infants in clinical settings, a growth reference
which can be taken as a “standard” representing the optimal growth of VLBW infants is
required. Various sets of reference data for height and weight have been developed.'2’79'37
The differences in growth references from different populations have been realized in the
literature. '>"#-3891 A WHO working group92 stated that “for practical purposes they (the
differences) are not considered large enough to invalidate the general use of the NCHS
(National Centers for Health Statistics) population both as reference and a standard.”
However, there is no study to validate this statement in VLBW infants. The American
NCHS chart, adopted for international use by WHO is referred to as the NCHS/WHO
growth reference in this study.

The proper assessment of growth can lead to an appropriate action to improve health

and nutritional status in VLBW infants. Growth charts are an essential tool in the

surveillance of infants grov.ﬂ.nh.“'ag‘93 Among several growth references which are
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available to health professional workers and parents, the NCHS/WHO growth

859496 perhaps is the most widely used reference even though the WHO expert

reference
committee pointed out concerns that the current NCHS/WHO reference is inadequate and
therefore recommended the development of a new reference for infants.%' Based on data

of seven studies from 6 developed countries, a growth reference for breast-fed infants has

61.97

been developed recently. For assessing growth of Canadian infants, Guo et al.'? have

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

'28 The Canadian reference data

data were collected in two cities, Montreal and Toronto.
were collected in 1977 and 1978 while the NCHS/WHO reference data for infants were
collected between 1929 and 1975.*' Some efforts have been made to establish growth
references for specific groups of infants or conditional growth references. Growth
references for low birth weight (LBW) infants were developed based on growth data of
LBW infants.”**'% However, the application of these references may be limited without
clear understanding of normal growth pattern of LBW infants. It is not clear which
reference should be used for assessing growth of VLBW infants in Canada. By using
different growth references to assess growth status of VLBW infants, could we get
substantial differences in the assessed growth outcomes in VLBW infants? If there are
differences in growth outcomes determined using different references, the selection of an

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

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

83,101,102 . .
, disease-specific

been developed, such as parent-height specific references
charts'®"'%, and a multifactoral growth model'®’. Parent-height specific references are
important to distinguish infants of genetically small size from those of non-genetically
(illness or malnutrition) small size. Disease-specific references and multifactoral growth
models are useful for predicting future growth and identifying secondary growth

retardation.

2.2.2 Expression of Growth measurements
Three different systems are commonly used to express the growth status of an
individual or population: Z-scores, percentiles, and percent of median values.
The Z-score system expresses an anthropometric value as a number of standard
deviations below or above the reference mean or median value.
e Z-score or SD score= [(Observed value)-(Median reference value)}/(SD of reference
population)
A fixed Z-score interval implies 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 refers 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, statistical calculations, such as means and
standard deviations, are inappropriate for percentile 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 measurements can 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 can
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 fixed 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 classification of risk.

The advantage and limits of three reporting systems have been summarized®"®* The
Z-score system 1) adheres to the reference distribution; 2) permits summary statistics; 3)
allows uniform criteria across indices; and 4) is useful for detection of changes at

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

extremes of the distributions.
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 15.8th 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
committee recommended two ways to report the anthropometry-based results.®’ One is
the commonly used cut-off-based prevalence. The other is the summary statistics of the

Z-score — mean, median and SD.

2.2.3 Reporting population growth outcomes

2.2.3.1 Prevalence reporting

To estimate the proportion of those who might be considered to have poor growth, it is
conventional to use cut-off points to define subnormal growth. In previous studies in the
literature, different cut-off points have been used: 3rd centile, ' 5th centile,l’4'[ % 10th
centile, L2011 2 hd mean minus 2SD or Z-score of -2.54%*”*''2 The cut-off should be chosen
at the point most appropriate for the particular purpose in view and the growth reference
being used. More children will be considered at risk by using the 10th percentile as the cut-
off point than the 3rd, 5th, and -2 Z-score, which may be important for screening purposes.
[n general, subnormal growth is statistically defined as a growth measurement value below -
2 standard deviations or Z-scores <-2 .%' The use of -2 Z-score as a cut-off ensures that
2.3% of the reference population will be classified as having “subnormal” growth.
Therefore, 2.3% can be regarded as a baseline or expected prevalence. It should be noted
that this does not truly define the “normal” range from the point of view of health and

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

requires the subtraction of the baseline prevalence from the observed prevalence.

2.2.3.2 Mean Z-score based reporting

The growth status of a population can also be expressed by the mean and SD of Z-
scores. Although this reporting 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 significantly lower than zero usually
means that the entire distribution has shifted downward, suggesting a larger proportion of
infants than expected have been affected. Plotting the entire distribution of Z-scores
against the reference distribution is helpful in representing the nutritional status of a
population.“

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
premau.lrity.l““ﬁ’s"o"o‘[ 113 1t appears to be an intuitively correct concept. Although itisa

common practice, there are few studies to assess the necessary period of age adjustment
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and what difference the adjustment will make in the assessment of growth outcomes in
VLBW infants. Brandt'' studied appropriate for gestational age (AGA) infants, most of
whom had birthweight <1500 grams, in Germany. She concluded that the age adjustment
for prematurity became unnecessary after 24 months of age for weight and 3.5 years for
length. Karniski et al. reported that different growth patterns could be obtained if age was
unadj usted.'” [n a recent study, Elliman et al."? reported that the correction for gestational
age continued to make a difference 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 VLBW INFANTS
2.3.1 Short term postnatal growth in very low birth weight infants

Lack of understanding of the normal growth patterns in very low birth weight
(VLBW) infants 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

14,1 . . .
H4115 There are no sufficient biological

postnatal growth in VLBW preterm infants.
reasons for supposing that the extra-uterine growth is the same as the fetus’ normal
growth in utero." '$ New born infants are in a totally different environment from the fetus
in utero. Few studies focus on directly comparing short term postnatal growth patterns

with intrauterine growth curves. 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. 1

Several efforts have been made to describe the growth of VLBW infants and
establish growth grids for VLBW infants.''”'2 The postnatal weight growth patterns in
VLBW infants in the first month of life, described in these studies, are different from

164351 An initial period of weight loss occurs before a period

intrauterine growth patterns.
of weight gain. Bauer et al. ‘> found 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 from 3 to 9 days). There are differences in the amount of
weight loss in different studies, ranging from 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''"''*'22. No
particular patterns of weight loss have been found in other studies.'?*"*! 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 sampies. 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 VLBW infants with specific
characteristics rather than as a “standard” to identify growth problems. However, those

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

be paid special attention to their growth status.
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2.3.2 Long term postneonatal growth in very low birth weight infants

After term (40 weeks postneonatal gestational age), the growth status in VLBW
infants can be assessed by comparing their growth with a reference of normal term
infants. The growth of normal term infants has been taken as optimal growth for VLBW
infants. These growth references can be established based on growth data of normal term
infants from local geographic area (local 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 VLBW infants is whether those infants
show catch-up growth during infancy.
Catch-up growth in VLBW infants

Catch-up growth is an important concept in describing the growth status of VLBW
infants. In a classic publication by Prader et al,"* catch-up growth was defined as follows:
"at the end of a pertod of growth retardation ... the child grows more rapidly than usual so
that he catches up toward or onto his original growth curve."'** However, the individual
original growth curve is usually unknown. 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 analysing growth data:
e The infant has "subnormal” growth (<-2SD, 3rd, 5th or 10th percentiles as a cut-off

point) at birth or previous measures, and reaches the “normal” range after a period of
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significantly more rapid growth velocity than occurs in control or reference
infants, "8109112
¢ The average growth velocity of VLBW children during a certain period or at a certain
point of time is greater than that of normal term infants.>’
e The mean differences in growth measurements between VLBW infants and normal term
peers decreases during certain period."4°'[ w12
Also, the term "incomplete catch-up growth” is used to describe those who have some
“acceleration™ of growth after birth but not reaching the expected percentile.“ At the
population level, the existence of catch-up growth will be considered if the prevalence of
subnormal growth decreases or the mean Z-score of a growth measurement increases with
age.

A pattern of diminishing numbers of infants below certain cut-off points was found as
VLBW children grew older in the studies observing the change of the prevalence of
subnormal growth in length and weighLZ"“m"'l ' Evidence of catch-up growth was found in
these studies. However, the findings from the studies observing the change in the average
levels of growth distances or velocities in VLBW infants are inconsistent. There are reports
of no catch-up growl:l:l.“"'m’99 Kimble et al. found that growth for VLBW infants proceeded
below, but roughly parallel to the mean of NCHS (National Center for Health Statistics)

growth norms between 1 and 3 years of age.* Casey et al. reported that the growth levels of

VLBW infants were lower than NCHS/WHO growth reference and there were no
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significant differences in weight growth velocity between VLBW and heavier birth weight
infants in the first 3 years of life’.

There 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 first 2
years of life than those with heavier birth weights, although they remained shorter and
lighter thereafter.''? Catch-up growth in length was found by Tammela between age of 6
months and 1 year, during which the mean standard deviation score of length was from -2
SD to -1 SD.'* Casey et al. also found that growth velocity for VLBW infants was
significantly greater than that of heavier birth weight infants at the age of 12 months in
length; while growth rates of head circumference were significantly lower than those of
heavier birth weight infants, directly the opposite of what would be expected in catch-up
growth.7 Brandt reported that the AGA infants could catch up to term infants in first two
months of adjusted age in weight; first 21 months in length.“

The discrepancies in previous studies might be, in part, attributable to the differences in
the methods of presenting and analysing 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 chiidren
were lower than those of normal birth weight children. Between 2 and 5 years, the
differences were not statistically significant, but between 5 and 8 years, the VLBW children
grew at significantly lower rates than did the normal birth weight children. It was suggested

that "VLBW children as a group not only do not catch up to their normal-birth-weight peers
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by 8 years, but also may fall further behind between ages 5 and 8 years." However, in the
same study, VLBW children with a weight or height under the 10th percentile at age 2
years, only approximately one half of them were found to be below the 10th 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 individual
exceptions to the average."2

The timing of catch-up growth varied among different studies. Obvious catch-up
growth usually occurred in the first two years of life.****¢!'2 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 subnormal in physical growth.'? The
determinants of poor catch-up growth are still poorly understood, even though some efforts
have been made to identify them. '8 Hack et al.® reported that significant correlates of poor
catch-up growth in the AGA infants were birth weight, gestational age, severity of necnatal
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 percentile at age 8 years was birth weight. The only
variable significantly associated with a height below the 10th percentile at age 8 years was

the maternal 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 (smailer/larger than 10th percentile).

In studies by Rrandt'*® and Karniski et al,'® the mean Z-scores of growth
measurements at different ages were presented. The change of growth status in VLBW
infants 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
sample studies,*”'% the mean growth measurements were compared directly with
growth references. They concluded that VLBW infants grew poorer than reference
population, and little catch-up growth was found in VLBW infants. Such a direct
comparison of mean growth measurements with growth references is not appropriate for
assessing the 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 often fitted to growth data to derive a smooth curve that will summarize
the information provided by an individual child. Thus, replacing large numbers of
observations collected over time on an individual by a few parameters leads to an
efficient method for comparison of growth under different conditions such as different

27 1t is more efficient to compare these parameters than to

diets, diseases or environments.
compare mean values at many time points.128 From such a smooth curve, growth velocity

and acceleration can be estimated directly at any time-point within the observed age
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range. Desirable features of a growth model were outlined by Betkc:y.l29 They include (i)
simplicity of the fitting procedure, (ii) biological interpretation and (iii) model parsimony.
Various models have been studied and utilized in the analysis of growth in both term and

12.127.130-134 The repeated measurements can be distilled into a few

preterm infants.
parameters from those growth models.

The simplest function is the polynomial in age. [t is easy to fit, and the degree of
complexity can be extended indefinitely by increasing the order of the polynomial.
However, polynomials have their limits. They are restricted in the shape of curve they can
model, their behaviour at the extremes of the data is unpredictable, and the addition of
higher-order terms does not guarantee a suitable curve. The growth process is essentially
smooth and gradual, and expounential functions are generally more suitable than

polynomials for modelling it. The mathematical models from literature are presented in

Table 2-1.
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Table 2-1 Mathematical models from the literature

Model Equation

Jenss & Bayley (1937) y=a+bt-exp(c+dt)+e

Count (1943)"*° y=a+bt+clog(t)+e

Kouchi et al.(1985)'*° y=a+bt® +e

Berkey & Reed(1987)"% y=a+bt+clog(t)y+d/t +elt'+. +e

Karlberg (1987)""

Infancy component y=a+b[1-exp(-ct)]+e
Childhood component y=¢:1-!-!£vt-i-c:t2
Guo et al. (1990)'2 y=a+bVt-exp(c+dt)+e

y represents length, weight, or other growth measurements
t represents age in months

a, b, ¢, d and e represent parameters to be estimated

e represents errors.

137 compared the Count, Reed, Karlberg, and Kouchi models for

Simondon et al.
weight during infancy, and found that the Karlberg model was the best fitting 3-parameter
model, while the 4-parameter Reed model was the best overall. However, they pointed
out that their conclusions probably did not apply generally.

Peerson et al.'"*? applied nine mathematical models to 24-month length, weight, and

head circumference growth curves of 39 breastfed and 31 formula-fed infants. Count,
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Reed first-order, Reed second-order, Karlberg, Guo, Jenss and three polynomial models
were included in their study. For both breast-fed and formula-fed infants, the Karlberg
model best described the relationship between body length and age and the Jenss model
best described the relation between head circumference and age. For formula-fed infants
several models appropriately described the relationship between weight and age. None of
the models suitably described the shape of the weight curve for breast-fed infants.

There are many factors that affect the fit of a model - the measurement, the age range
and the children’s characteristics. Therefore, different models are likely to be optimal in
different situations.'?*** However, no previous study examined the best model to
describe the relationship between age and postneonatal growth in VLBW infants.

The early growth models mainly focused on describing growth patterns and the
change of growth measurement over age:.'z'm'm'134 The growth model has 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 The data for this analysis required that each subject is

characteristics or covariates.
measured 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 all 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 fixed effects models to the models including random effects.?**
The overall model is called a mixed effects model with population parameters fixed and
individual effects random."*® Mixed effects models are currently in the developing stage

29,141-143
The advantages of

but they have become increasingly available to researchers.
mixed effects models will be discussed in the section of “summary of methodological

issues™ (page 38) in this chapter. Another approach is an extension of generalized linear
models, the generalized estimating equations (GEE) in which the regression and within-

subject correlation are modelled Separately.zﬁo'l“ Regression coefficients from 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 environmental factors, modified by the presence and severity of illness.
Various factors have been studied in the literature. The findings in the literature will be

discussed 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=0.55), to six months (r=0.46), one year (r=0.39), and two
145

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

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 categories.''52*2! Although in some studies low birth weight
children appear to have accelerated growth in weight and length during the first 2 years of
life when compared with their normal birth weight counterparts, low birth weight children
remain shorter and lighter.l 2 Such differences were found throughout early childhood.>""''
Growth appears to be more affected by birth weight in early childhood than in later
childhood, and weight is more affected by birth weight than is the height or [ength2°‘47" 12,
while head circumference is the least affected by birth weight.s’m9 However, since infants
with [ower birth weight tend to have a greater frequency 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 influence the postneonatal growth in VLBW

infants.

2.5.2 Intrauterine growth retardation (IUGR)

Previous studies have shown that [UGR has adverse effects on the growth of term
infants, 2496913314 o wever, controversy exists regarding the impact of IUGR on the
growth of premature infants. There are reports of no catch-up growth or less catch-up
growth of SGA infants *'%2%'47 1o AGA infants. Also, there are reports of satisfactory
growth for weight and height in comparison with premature infants with appropriate size

23,149,150 -

'8 The confusion in interpreting the results may, in part, be

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

comparison and the small sample size. Sung et al. compared the growth status of SGA
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VLBW infants with that of two control groups of AGA infants: birth weight matched
(AGA-BW) and gestational age matched groups (AGA-GA). SGA infants 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-BW
controls. Most previous studies do not take differences in perinatal characteristics
between SGA and AGA into account.*’ To determine 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-gestational-age (SGA) infants with two groups of premature,
appropriate-for-gestational-age (AGA) infants: one with similar birth weight (AGA-BW
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 free of
major congenital anomalies and intrauterine infection. The infants were evaluated at term,
at 20 and 40 weeks, and at 1 year adjusted ages. The SGA infants had significantly
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-BW matches. Both studies showed the importance of birth weight on postneonatal
outcomes 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 between SGA and AGA-BW or AGA-GA controls at 8 years age.'”'

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 newborns, it can be considered as a
potential determinant of postneonatal growth. As discussed previously, body
proportionality at birth was found to be associated with the severity of [UGR and
asymmetric [UGR infants tend to be more severely growth retarded than their symmetric
counterparts by Kramer et al.”> However, the growth status of asymmetric [UGR infants

429677 which conflicts with the Kramer et

tend to be better than that of symmetric infants,
al’s finding. Once the severity of growth retardation has been controlled, the body
proportionality appears to be of little if any etiologic*' or prognostic 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 child has a great influence on the growth pattern and
final size.'"'®! "Mid-parent stature (or height), the average of the stature of two parents, is
used frequently for studies of parent-child stature relationships because it summarises the

genetic contributions of the parents, and because the statistical and genetic assumptions
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involved are appropriate”.'®! In a study of discriminant function of variables predicting

small height (<10th percentile) at 5 years of age by Qvigstad et al,' it was found that total
(or mid) parental height contributed most to the discriminant function. In a longitudinal
follow-up study of growth in SGA children in Sweden, the parental heights of children who
did not exhibit catch-up growth were 0.9 SD below the mean of the Swedish pq:opulation.47
However, since parental height may be associated with infants birth weight, further analysis
is necessary to determine if the association of parental height and postneonatal growth is

independent of birth weight.

2.5.5 Sex

Like normal term infants, preterm VLBW boys tend to be heavier and taller (or longer)
than girls during infancy.*”!! Growth velocities were found not to differ significantly
between girls and boys."“ However, when compared with normal term infants, boys are
more likely to have “subnormal” 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 reference.}

2.5.6 Bronchopulmonary dysplasia (BPD)
BPD is a frequent sequela of lung injury in low birth weight infants, with about 20-
40% incidence in VLBW infants in published surveys.m"sz"s3 Poor growth has been found

in infants with BPD.""®"**!% [t 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. The
supplying of enough energy to patients with BPD has proved to be a problem since they
frequently experience feeding problems. "% Compared with normal term reference
infants, BPD infants were found to have poorer growth.m'lss When infants with BPD were
compared with preterm infants without BPD, the results were variable. Some studies
reported poorer growth in BPD infants;”™! '3!3 yhile others found that the growth
pattern for infants with BPD did not significantly differ from other preterm infants. 125,154
Since BPD is associated with other developmental probiems and medical

HOA53.157 44 is difficult to assess the specific contribution of BPD to growth

complications,
without controlling confounding effects of other variables. Most studies have not controlled
for birth weight or other differences between infants with and without BPD. Bozynski et al.
found that after adjustment for birth weight, BPD did not explain the growth pattern.'™ Sell
and Vaucher reported that birth weight (not BPD) explained 70-85% of the variance in
subsequent weight prior to 8 months of age.mr A small sample analysis published by
Kurzner et al. suggested that both birth weight and severity of BPD are important.'®® The

relationship among BPD, postneonatal growth, birth weight and other factors and their

contributions to the postneonatal growth need to be explored further.

2.5.7 Antenatal steroids

161-165

Steroid theraptes may affect growth in either directions. Significant reductions

in the incidence of respiratory distress syndrome (RDS), mortality, and NEC were
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observed in premature infants born of mothers who received antenatal steroid therapy in a

166.167 Recently, studies on the

series of randomized trials assessed by meta-analysis.
outcomes of antenatal steroid administration consistently showed that antenatal steroid
therapy reduced mortality and morbidity in low birth weight and VLBW infants.'%'7
Therefore, antenatal steroid therapy may be associated with better postneonatal growth in
VLBW infants 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 VLBW infants at 2 years of age.'” For the
subgroup of their study sample, the extremely low birth weight (<1000 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 small sample size of extremely
low birth weight infants. Follow-up data have been published on physical growth and
development from three large trials. None of these studies indicates that antenatal steroids
therapy has any effect on growth parameters.lsz’m’ms 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

1681 A collaborative group on

control infants although it was not statistically significant.
antenatal steroid therapy'®? also found that the infants in the steroid treatment group were
slightly heavier and taller than the infants of placebo group.

The antenatal steroid therapy can have beneficial effects on preventing adverse

clinical conditions, and these conditions may be associated with the postneonatal growth



37

of VLBW infants. No studies have been found to investigate the independent association

between the antenatal steroid therapy and postneonatal growth of VLBW infants.

2.5.8 Feedings

Feeding practices have been found to be associated with postneonatal growth.**'7+17
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.'”*'7%"®® Other studies found that breastfed
infants were heavier than formula fed infants.'8"'*> Whether different growth of the
exclusively breast-fed infants from that of formula-fed infants represents appropriate
physiological growth is not known. Feeding practices should be considered as a

determinant of postneonatal growth in VLBW infants.

2.5.9 Other factors

Maternal factors that may influence the growth achievement of VLBW infants include

1,50,
0183 Management and

social class, maternal education and hypertension during pregnancy.
care of preterm infants may also influence future growth, although this remains
controversial.'** Later growth depends on adequate nutrition to ensure postneonatal weight

#0138 Necrotizing enterocolitis

gain184 as well as feeding practices and feeding problems.
forces nutrition management to parenteral nutrition for bowel rest.'*® Neonatal sepsis and

suspected sepsis will result in withholding all enteral feeds until it is established that the
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infant is stable."*® General health status is another predictor of growth outcome. Duration of
hospital stay which reflect the seriousness of postneonatal illness may be a determinant of
energy intake* and growth achievement." The factors affecting growth of high risk infants

36185 Nutritional and dietary factors, social

have been listed for growth assessment.
demographic factors and some other medical complications may also have important

impacts on postneonatal growth.'s 6

2.6 SUMMARY OF METHODOLOGICAL ISSUES
2.6.1 Long time intervals

Many previous studies have used long intervals between measurements.”*%'¢"'% The
change of growth status in VLBW infants cannot be accurately described with long time
intervals. During infancy, the growth velocity decreases with age. The accurate growth
rate cannot be obtained using data with long time intervals.

Also, the change of growth status with age should be observed by comparing
positions in growth measurements relative to the reference distribution. The direct
comparison of observed differences between study sample and the mean of a reference at
different agés is not appropriate to describe the change of growth status with age since the
same difference does not have the same clinical and statistical meaning at different ages.
Unfortunately, in most of the longitudinal studies in the literature, the mean values of
growth measurements or growth rates were compared directly with the means or medians

4,7,100
of a reference.*""!*
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2.6.2 Confounding effects and statistical methods
In VLBW infants, it is possible that factors affecting growth are associated with each
other. Lower birth weight infants or intrauterine growth retarded infants are more likely

40 . .
B Therefore, when assessing the association of

to have other adverse clinical conditions.
a factor and postneonatal growth, confounding effects should be taken into account in
design and/or data analysis stages.

The growth rate and growth pattern of VLBW infants can only be described through
longitudinal growth data, in which each individual is measured at different ages. In 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 status provided by longitudinal data is lost by only picking up one of the serial

159

measurements for the analysis. In Bozynski et al’s study, °” the growth rate for each

infant was estimated by the Count model;"*® and the association between explanatory
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variables and growth rates were assessed by multiple regression techniques. However,
only a small number of variables which might affect postneonatal growth in VLBW
infants were included in their study.

Satisfactory methods of analyzing longitudinal data are only recently becoming
available. The objectives for statistical models 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 mixed effects
models.”*?

In the mixed-effects models for longitudinal data analysis, the regression coefficients
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 coefficient(s) for each factor provides information 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 often of secondary interest, it
is essential to account for the within-subject correlation because the repeated outcomes
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 random effects in the models. The random effects represent natural

heterogeneity among individuals. The mixed effects modei assumes that the correlation
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among the repeated measurements of an individual is due to some latent characteristic
that gives an individual a higher or lower than the average intercept and slope. For
example, some infants may be heavier or longer than others at the beginning of the
observation period.

The mixed effects models provide the flexibility for researchers to study
determinants of growth process, allowing for unbalanced designs, incomplete data and

26,144

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

to study the determinants of growth in VLBW infants.
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CHAPTER THREE: METHODS

3.1 OBIJECTIVES

The objectives of this study were to 1) describe the postneonatal growth patterns of
VLBW infants and to 2) identify the determinants of postneonatal growth in VLBW
infants from Southern Alberta.

To fulfill these objectives, attempts were made to answer the following questions: 1)
How do the growth levels of VLBW 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 levels depend
on the perinatal and social environmental characteristics of infants? 4) How are perinatal
and demographic factors associated with growth levels and the change of growth levels?
5) What are the expected growth levels for VLBW infants free from adverse clinical

conditions? and 6) Who will be more likely to be “subnormal” in growth?

3.2 STUDY SAMPLE

The study sample was selected from the Alberta Children’s Hospital (ACH) Perinatal
Follow-Up Program which included infants from Southern Alberta and Southeast British
Columbia. The ACH Perinatal Follow-Up Program is a unique resource for rapidly
assessing postneonatal cutcomes of VLBW infants because of the availability of

longitudinal data collected from repeated examinations over two decades. Eligibility was
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restricted to those infants who were born during January 1977 and May 1992, with birth
weights of 1250 grams or less and who were discharged alive from the NICU. There were
1007 infants who met the above criteria. [n the Follow-Up Program, these infants were
routinely followed up at 41, 8+1, 12+1, 18+3, and 366 months adjusted ages. Adjusted
age was calculated by subtracting the expected date of delivery from 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 sampie is a subset of the
cohort whose selection was based on the availability of growth assessment at follow-up
visits. Only infants with 4 or 5 sets of measurements were included in this study since
growth patterns could not be accurately described with smaller number of repeated
measurements. Five hundred and fourteen (514) infants with growth data in length and
weight available on 4 or 5 visits were included, which consisted of 51% of total VLBW
survivors discharged from the NICU. Of 514 infants, 477 (93%) were examined at 4+1
months, 491 (96%) at 8+1 months, 442 (86%) at 12+! months, 483 (94%) at 18+3
months and 447 (87%) at 366 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 Program was assessed by comparing 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 infants who were not included in the study



44

sample. The residuals which were the differences between observed and predicted values

were checked.

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

sample at different visits

3.3 MEASUREMENTS

A broad range of clinical research information of the study sample was gathered from
mothers’ and infants’ health records, physical 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 fashion'® by two trained

volunteers at each visit. Infants were weighed undressed on a calibrated infants balance
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scale. Length was measured in the supine position on standardized infant measurement

boards. '*®

3.3.2 Perinatal factors

Birth weight was measured by clinical staff to the nearest 10 grams. Gestational age
was assessed based on a best estimate derived from the maternal 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 from the chronological age of the infant.

The intrauterine growth status was measured in two ways. First, based on birth weight
and gestational age, infants were categorized into two groups: small for gestational age
(SGA) and appropriate for gestational age (AGA). Infants with birth weight less than the
10th percentile of Lubchenco’s intrauterine growth reference™ were classified as SGA
and infants with birthweights at the 10th percentile or higher as AGA. Second,
intrauterine growth was characterized on the basis of fetal growth ratio, defined by
Kramer et al> 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 reference in this study to calculate the fetal growth ratio (FGR) for each
infant. The approach of measuring the severity 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 [UGR based on the FGR. However, cutoff points were
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shifted from those presented in their original paper,*' because the distribution of FGR in
the study sample was different from that of term infants.

Body proportionality was determined based on a Ponderal index (PI), which was
calculated as birth weight (g) x 100/birth length (cm)J. PI less than the 10th percentile of
Lubchenco’s reference data® was defined as “asymmetric” or “disproportionate” and PI
at the 10th percentile or higher 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 milk longer than 50% of their NICU stay were
classified as “primarily breastfed”, otherwise as “formula-fed.” The use of Antenatal
steroids was recorded if any steroids were used before delivery.

The presence of bronchopulmonary dysplasia (BPD), necrotizing enterocolitis
(NEC), apnea, patent ductus arteriosus (PDA), neonatal sepsis, jaundice or cerebral palsy
(CP) was determined by clinical examinations.

BPD: The infant was diagnosed as having BPD if he or she required additional oxygen at
36 weeks’ corrected postconceptional agf:[87 and met the criteria described by Bancalari

'8 Therefore, the criteria for BPD in this study were (i) mechanical ventilation for

etal.
respiratory distress in the first week of life; (ii) required supplemental oxygen 0.25 or
greater to maintain Pao, or transcutaneous Pao, 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.!!%187:188
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Necrotizing enterocolitis (NEC): NEC was diagnosed if x-ray reports indicated one or
more of the following:
e pneumatosis intestinalis;
e portal venous gas;
e peritoneal air;
s presence of unchanging or persistent bowel loops with a thickened wall on sequential

x-ray confirmation;

usually accompanied by significant abdominal distention, tenderness and/or blood in
stools.
Neonatal sepsis: If a positive blood or cerebrospinal fluid culture was found at any time
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 requiring stimulation.
Patent ductus arteriosus (PDA): The presence of PDA was diagnosed by a physician
and confirmed by x-ray or echocardiogram. Those which were surgically ligated or
treated with drugs such as Indocid and Lasix were coded as present.
Cerebral palsy (CP) was diagnosed by an experienced pediatrician and a physiotherapist
based on muscle tone, reflex and flexibility. CP was determined in follow-up
examinations'® while other conditions were diagnosed before the discharge from the

NICU.
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Apgar score at 5 minutes was classified into two groups: less than 6 and >6. The
duration of acute NICU stay was measured by the total days in the acute NICU before
their first discharge from the unit. Total days on intermittent positive pressure ventilation
(IPPV) and the duration of total parenteral nutrition (TPN) were determined by
subtracting the date of commencement of the treatment from the date of the termination
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 natural parents in centimeters.
Maternal education was measured using the total school years of the natural mother,
which was categorized into two groups: lcss 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.'” SES was grouped into two groups: low (SEI<30) and median
or high (SEI=30). The information on Maternal race was obtained from the hospital
records. Since the majority of mothers were Caucasian, the maternal race was only

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

The data for this study were in two files in the ACH Perinatal Follow Up Program
database: 1) the perinatal data which were collected from mothers’ and infants’ health
records before infants were discharged from NICU, and 2) the follow-up data which were
collected at each follow-up visit. Since each infant was identified by the same unique
identification number in both files, the two files were linked to form a data set for the
present analyses.

The extreme values were identified for growth measurements and potential
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 from that in the original record.

The variables are 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.
Maternal age 20 years or younger was coded 1, otherwise 0. Blishen and McRoberts
index below 30 was coded 1, otherwise 0. 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 0. For the exploring purpose, the continuous variables such
as birth weight, mid-parental height, FGR, maternal age, number of days of acute NICU

stay and year of birth were categorized into different groups, see Chapter 4 for details.
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3.5 DATA ANALYSES

3.5.1 Outline of the analyses

Step 1: Basic descriptive analysis

e Characteristics of VLBW survivors

e Comparison between study sample and VLBW infants who were not selected
e Relations among the potential contributing factors

Step 2: Average growth levels of the study sample

e Mean Z-scores relative to different references

e Prevalence of subnormal growth relative to different growth references

e Mean Z-score based on adjusted and unadjusted ages

e Prevalence of subnormal growth based on adjusted and unadjusted ages
Step 3: Exploratory analysis of the determinants of growth in VLBW infants
Step 4: Mixed effects models

e Basic models

e Gender specific growth models

e Models including covariates

Step 3: Predicting growth of infants who were not included in the present study
Step 6: Predictors of subnormal growth at three years of age

¢ Comparison of levels or frequency of potential determinants between

subnormal and normal infants.
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e Logistic regression models.
Step 7: Predictors of subnormal growth during the observed period: Generalized

estimating equation (GEE) approach.

3.5.2 Basic descriptive analyses

The Characteristics of the study sample 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 from the median value of a reference population, divided by the
standard deviation in the reference population:

Z-score= (observed 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 Z-score transformation is that it
allows the mean and standard deviation to be calculated for a group of Z-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 population in the unit of standard deviation. Therefore,
the change of mean Z-score over age allows us to assess the change of growth status of
VLBW infants over age during the observational period. Two reference populations were
used for the present study. One was the NCHS/WHO growth data, since it has been
recommended as a reference for international comparisons by WHO Expert Committee.®'
Also this reference has been used in some clinical settings to identify growth problems in
infants. The other one was the growth reference based on Canadian data,'? since it might
be more comparable to the study sample in terms of social demographic characteristics
than the NCHS/WHO growth data. The differences between these two growth references

are discussed in Chapter 5.

91 was used to make the Z-score

An anthropometrical package Epi Nut in Epi Info
transformation against the NCHS/WHO 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, curnulative 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 individual’s being “low”; 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 transformations 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.

In addition to the NCHS/WHO and the Canadian growth references, the WHO
“growth reference for breastfed infants” was also used for the purpose of comparisons.
Because the age range in this reference is only up to 12 months, the growth outcomes
assessed using this reference cannot be obtained for infants older 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 subnormal growth were also calculated
based on chronological 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 estimated using adjusted and unadjusted ages.

3.5.4 Associations between potential factors, growth level and growth rate

3.5.4.1 Exploratory analysis

I[nfants were categorized into different groups according to the level of each of
factors such as birthweight, intrauterine growth status, parental height, maternal age,
maternal education, the presence of BPD, CP or NEC and so on. The mean Z-scores of

growth measurements were calculated for each group. These mean Z-scores and their
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95% confidence intervals were presented graphically. No statistical tests were made and
no attempts were made to consider the confounding effects of other factors. Since infants
were grouped 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 further 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 postneonatal growth, while 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 VLBW infants with those of growth references,
which 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 confounding effects of
other factors except gender were considered. This analysis should be able to replicate the
results from 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
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postneonatal growth from the results of the previous exploratory analyses were included.
Finally, the detailed relationship between a potential factor and postneonatal growth was
described while the confounding effects of other factors were considered in the analysis.
The interaction terms among potential factors were tested in the model to examine the

assumption of the independence, that is that the effect of a factor on postneonatal growth

does not depend on the values of other factors.

3.5.4.2.1 Basic growth models

A mathematical formula expressing the relation between age and growth was
established for VLBW infants as a group. Although several attempts had been made to
apply mathematical models to human growth in the literature, 2132 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 childhood
component. The age at which the growth model shifts from the infant component to the

B! ince the intervals of

childhood component occurs between 4 and 12 months of age.
measurements were relatively wide in this study, the age of change from 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

28.29

model. Based on the likelihood ratio tests in the mixed effects models, the basic



models that were developed to express the relationship between age and postneonatal
growth.

[n order to compare findings with growth references, which were sex specific, an
indicator of gender was incorporated into the basic models. The gender specific growth
curves predicted from basic growth models represented the estimated average growth
level of boys and girls in the study sample. These growth curves were compared with

both the NCHS/WHO and Canadian growth references.

3.5.4.2.2 Linear mixed effects models including determinants (covariates)

The details of fitting and analyzing mixed effects models have been described in the

2528 nased on the basic models, each potential determinant of growth was

literature.
incorporated into the models. Selection of factors depended on the results from the
previous bivariate analyses. To consider the confounding effects of other factors, a model
was fitted for each growth measurement including explanatory variables which had
significant contributions to the postneonatal growth while the confounding effects of
other factors were taken into consideration.

An exampie of the mixed effects model for the data can be written as

Weight,, = (Bo+Bo; Sex +Bgr BW + B3 MPH + Bg, BPD+ Bos CP + ...+ b+ (B, + By,

Sex +3;; BW + B3 MPH + B, BPD+ B;s CP + ..+ b;)* Age, + (B; + By Sex +f,BW +

B2s MPH + 3, BPD+ B, CP +...) *log(Age) + ¢,
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Where the dependent variable is the growth measurement for an individual / at a certain
age t. The Bs 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 infants 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
Bates.?*The use of REML allows for the unbiased estimation of all the effects in the
model, even though individuals may have different numbers 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 significance 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 termn 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 from the model. Plots of the
residuals versus the fitted values and observed values versus fitted values were used to

identify single outlier observations.
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3.5.5 Predictors of subnormal 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 would be
subnormal in growth at age 3 years, infants were divided into two groups: subnormal 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 further analyzed with logistic
regressions. In the logistic regressiocn model, the dependent variable was an indicator of
subnormal 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 regression models were
performed using statistical software S plus version 3.3 in the SUN UNIX system at the
Department of Community Health Sciences, the University of Calgary. Epi Info Version
6.04 was used for data management and Z-score transformations.

To assess the associations between potential factors and subnormal growth during
the observational period, the GEE (generalized estimating equations) approach, a
generalized linear model for dependent data,*® was used to estimate the odds ratios of
subnormal growth based on all 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 this study have the same interpretation as coefficients from a logistical
regression for cross-sectional data. The change of the association between factors and

subnormal growth with age could be explored.
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CHAPTER FOUR: RESULTS

4.1 DESCRIPTION OF THE STUDY SAMPLE

4.1.1 Perinatal characteristics of the study sample

Characteristics of the total 1007 VLBW infants who survived to discharge from
NICU during January 1977 to May 1992 are presented in Table 4-1 to Table 4-3. The
characteristics 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 characteristics of total VLBW infants discharged from NICU: Means

Infants with data
Mean SD available (%)
Birthweight, (g) 979.1 185.5 1007 (100)
Gestational age (wk.) 28.1 24 1007 (100)
Ponderal index 2.14 0.26 983 (97.6)
Maternal age (yr.) 26.4 54 1005 (99.8)
Matemnal school (yr.) 12.8 2.6 723(71.8)
Blishen index 433 15.5 770 (76.5)
Acute NICU stay (days) 45.C 34.1 1006(99.9)
Total hospital stay (days) 81.6 43.6 996 (98.9)

Mid-parental height (¢cm) 170.3 5.6 639 (63.5)
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Table 4-2 The characteristics of total VLBW infants discharged from NICU: Proportions

Infants with data
Proportions % 95% CI available (%)

Male 49.2 46.0,52.3 1007 (100)
Apgar score less than 6:

at | minutes 75.2 724, 779 984 (97.7)

at 5 minutes 21.2 18.8,24.0 994 (98.7)
Race, Non-Caucasian 13.5 11.9, 16.4 970 (96.3)
SGA 25.1 224,279 1007 (100)
Asymmetric (PI<10th centile) 14.9 12.7,17.2 983 (97.6)
Multiple birth 21.1 18.6, 23.7 1007 (100)
Antenatal steroids used 533 50.2, 56.5 992 (98.5)
Primarily breastfed at NICU 58.1 55.0,61.2 1007 (100)
BPD 29.1 27.0,32.8 982 (97.5)
Jaundice 98.9 98.2,99.5 1006 (99.9)
Necrotizing enterocolitis 17.7 15.4,21.2 1001 (99.4)
PDA 36.8 33.8, 39.8 1006 (99.9)
RDS 67.2 64.2, 70.1 1006 (99.9)
Sepsis 17.2 14.9,19.7 1006 (99.9)
Seizures 3.1 2.1,43 1007 (100)
Apnea 69.4 66.0, 71.8 1006 (99.9)
Low SES (SEI < 30) 26.6 23.5,299 770 (76.5)
Maternal education (< 12 yr.) 23.8 20.7,27.1 723 (71.8)
Maternal education (< 12 yr.)* 17.9 15.0,21.0 626 (62.2)
Born during 87-92 40.7 424, 48.6 1007 (100)

a: Based mothers who were older than 20 yr.
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Table 4-3 The characteristics of total VLBW infants discharged from NICU: Medians

Infants with data
Median available (%)
TPN (days) 8 1006 (99.9)
Days on O, 36 1004 (99.7)
[PPV (days) 10 989 (98.2)
Acute NICU stay (days) 39 1006 (99.9)
Total hospital stay (days) 76.5 996 (98.9)

Table 4-4 Characteristics of the study sample compared with infants who were not

included in the study: Means and medians

Study sample Unselected infants
Total number of infants 514 493
95% Cl of

Mean SD No.  Mean SD No. difference
Birthweight, (g) 954.6 1859 514 10046 187.7 493 -73.1,-269
Gestational age (wk.) 27.7 23 514 284 24 493 -0.9,-04
Ponderal index 2.14 0.26 501 2.14 0.27 482  -0.03,0.04
Maternal age (yr.) 27.6 52 514 25.2 5.2 491 1.8, 3.1
Maternal school (yr.) 13.1 24 475 12.1 2.8 248 0.6, 14
Blishen index 449 16.0 462 40.8 144 308 19,64
Total birthweight loss (g) 1339 615 513 1300 65.6 493 4.1,11.6
Acute NICU stay (days) 456 3285 514 44.5 354 492 -3.1,54
Total hospital stay (days) 873 359 512 75.5 49.7 484 6.5,173
Mid-parental height 1704 6.1 430 170.1 5.6 209 -0.7, 1.3
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Table 4-5 Characteristics of the study sample compared with infants who were not
included in the study: Proportions

Study sample Unselected
Proportion%  No. Proportions% No. P value®

Male 48.1 514 50.3 493 0.47
Apgar score less than 6:

at | minutes 73.6 504 76.9 480 0.26

at 5 minutes 20.6 509 21.9 485 0.64
Race, Non-Caucasian 115 505 16.8 465 0.018
SGA 234 514 26.8 491 0.21
Asymmetric at birth 14.0 501 15.8 482 0.43
Multiple birth 214 514 20.7 493 0.78
BPD 327 502 26.9 480 0.047
Jaundice 98.8 513 99.2 493 0.75
Necrotizing enterocolitis 15.0 512 204 489 0.025
PDA 422 514 31.1 492 0.0003
RDS 69.1 514 654 492 0.22
Ccp 7.8 513 - - -
Sepsis 19.3 514 15.0 492 0.076
Seizures 3.3 514 2.8 493 0.67
Apnea 714 514 66.5 492 0.09
Low SES (SEI <30) 23.2 462 31.8 308 0.0078
Primarily breastfed” 61.1 514 55.0 493 0.049
Antenatal Steroid use 558 509 50.7 483 0.1t
Maternal educ. (<12 yr.) 16.6 475 375 248  <0.00001
Maternal educ. (<12 yr.)° 12.8 429 28.9 197  <0.00001
Bom during 87-92 56.8 514 33.7 493  <0.00001

a: P values of Chi square test or Fisher’s exact test. b: Primarily breastfed at during the NICU

stay. ¢: 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 Unselected
Median No. Median No.
TPN (days) 9.0 514 7.0 492
Days on O, 43.0 513 26.0 491
[PPV (days) 15.0 510 7.0 479
Acute NICU stay (days) 39 514 39 492
Total 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 infants 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.
[nfants 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 among birthweight, gestational age and [UGR were explored, see
Figure 4-1. Since the study population only included infants with birthweight 1,250

grams or less, all the infants with gestational age 32 weeks or longer were classified as
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small for gestational age (SGA). When studying the association of [UGR and

postneonatal outcomes, the outcomes of AGA and SGA infants are usually compared in

the literature. What we actually do in a population of VLBW 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 results from such direct comparisons 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 control

for the confounding effects. For example, a stratified analysis can be done to compare the

growth outcomes of SGA and AGA infants with the same gestational age or with the

same birth weight.”
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Figure 4-1 Birth weight, gestational age and intrauterine growth status

As shown 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 ot within each group. The classification 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 growth retardation, the fetal growth ratio
(FGR), birth weight over the median of the reference, was calculated. The distribution of
FGR was close to normal, see Figure 4-2. No evidence of bimodality or the existence of
two distinct groups of infants were seen. According to Kramer’s classification,™'*? the
infants with 0.80-<0.85 of FGR are defined as mildly retarded, 0.75-<0.80 moderately
and <0.75 severely retarded growth. Although 0.85 of FGR is similar to the 10th
percentile of the intrauterine growth reference for term infams,53 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 would be classified as SGA by using 0.85 of FGR as the cut-
off, see Table 4-7. Therefore, different cutoff points from Kramer’s study were used in
the present study to categorize the severity of [UGR. FGR 0.60-<0.70 was defined as
mild, 0.50-<0.60 as moderate and <0.50 as severe intrauterine growth retardation. The
mean birth weights and gestational ages for each group of infants according to the
severity of [UGR are shown in Table 4-8. The more severe the [UGR of an infant is, the
longer the gestational age is. Birth weight also has a tendency to decrease with the

severity of [IUGR.
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Table 4-7 Distribution of severity of [UGR in VLBW infants based on Kramer et al.’s

classification™
FGR* Severity of [UGR  Frequency Percent Cum. Percent
<0.75 Severe 174 34.0 34.0
0.75-<0.80 Moderate 61 11.9 459
0.80-<0.85 Mild 73 14.3 60.2
0.85+ Normal 204 39.8 100.0

* FGR: Fetal growth ratio

o

Nurmber of infants

Fetal growth ratio
Figure 4-2 Distribution of fetal growth ratio in VLBW infants
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Table 4-8 Distribution of severity of [UGR in VLBW infants based on fetal growth ratios

(FGR)
FGR Severity Frequency Birthweight, g Gestational age, wk.
%) Mean (SD) Mean (SD)
<0.50 Severe 39 (3.9 853.0 (262.7) 32.3(3.2)
0.50-<0.60 Moderate 71 (7.1) 8449 (221.2) 30.0(3.0)
0.60-<0.70 Mild 141 (14.1) 881.4 (197.7) 28.7(2.7)
0.70+ Normal 750 (74.9) 1019.8 (158.1) 27.6(1.7)

4.1.3 Body proportionality

Infants were classified into two groups according to their body proportionality at
birth. About 28.9% of SGA infants were asymmetric (below 10th percentile 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 [TUGR in VLBW infants*

[UGR 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
0.0001.



Table 4-10 Body proportionality and severity of [UGR in VLBW infants
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Body proportionality at birth

[UGR Asymmetric Symmetric No. of infants
No. (%) No. (%)

Severe 14(37.8%) 23 (62.2%) 37

Moderate 23(33.8%) 45 (66.2%) 68

Mild 30(21.7%) 108(78.3%) 138

Normal 79(10.8%) 655(89.2%) 734

The relations between body proportionality and birth weight, birth length and

gestational age are presented in Table 4-11. The asymmetric infants are heavier, longer

and more mature than symmetric infants in both SGA and AGA groups. The body

proportionality is associated with the intrauterine growth status and maturation of

neonates. Whether body proportionality provides extra information which is not provided

by birth weight and gestational age for predicting postneonatal growth outcomes of

VLBW infants needs to be determined by modeling procedures, in which the effects of

birth weight and gestational age could be controlled.
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Table 4-11 Birth weight, birth length, gestational age and body proportionality in VLBW

infants
Asymmetric Symmetric
Mean SD No. Mean SD No. P value*
Birth weight
SGA 9645 214.7 70 8943 2040 172 0.018
AGA 1081.6 150.5 76 996.0 1723 659 <0.001
Birth length

SGA 375 3.0 70 343 2.8 172 <0.001

AGA 394 2.0 76 356 24 659 <0.001
Gestational age

SGA 31.0 28 70 299 25 172 0.003

AGA 284 1.7 76 273 1.7 659 <0.001

* Two tail t-test for the differences 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 BPD and 2) antenatal steroids with

other factors.

4.1.4.1 Relations between BPD and other clinical conditions

The proportions of clinical conditions and other characteristics of infants with BPD
and without BPD are presented in Figure 4-3, the comparisons of mean values are in

Table 4-12. The BPD infants are more likely to have other adverse clinical conditions.
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They also tend to be lighter and more premature at birth. Therefore, when exploring the
impact of BPD on postneonatal growth, we should take the confounding effects of other

factors into account by modeling procedures.

Proportion, %
120

100

80|

60 |

40

sis ascom<8 ]
& BPD @ Non-BPD

Figure 4-3 Proportion of clinical conditions among infants with and without BPD

Table 4-12 Characteristics of VLBW infants with and without BPD

BPD infants Non-BPD infants P value

Mean SD Mean SD
Birth weight, g 8479 191.1 1007.1 160.8 <0.001
Gestational age, wk. 26.7 20 28.3 2.3 <0.001
Ponderal index 2.17  0.26 2.13  0.26 0.06
Maternal age 277 5.2 27.5 5.1 0.70
Acute ICU stay, days 71.9 29.8 324 250 <0.001
Mid-parental height,cm 169.8 4.8 170.7 6.6 0.15

Number of infants 164 338




72

4.1.4.2 Relations between antenatal steroid therapy and other factors

Infants with antenatal steroid therapy were found to have significantly higher birth
weight than infants without antenatal therapy, see Table 4-13. The use of antenatal
steroids was found to be associated with maternal age. The mothers who were younger
than 21 years old were less likely to receive antenatal steroids than the mothers who were
older than 20 years. Infants who received antenatal steroid therapy had a significantly
lower prevalence of BPD than those without the use of antenatal steroids. Infants with the
use of antenatal steroids had a slightly 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 [nfants without

steroids antenatal steroids
95% CI of
Mean SD No. Mean SD No. Difference
Birthweight, (g) 9704 1767 284 932.1 1959 225 5.7,70.7
Gestationai age (wk.) 279 21 284 276 25 22§  -0.1,0.7

Mid-parental height,cm  170.3 57 244 1705 65 182 -1.3,1.0
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Table 4-14 Characteristics of infants with the antenatal steroid therapy: prevalence %

Infants with Infants without P value®
antenatal steroids No. antenatal steroids No.

Male 49.3 284 47.1 225 0.62
Maternal age <21 74 284 12.9 225  0.038
CP 6.3 284 94 225 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 NCHS/WHO 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 NCHS/WHO reference,
the mean Z-scores increased with age for length and decreased from 4 to 12 months of
age and increased afterward for weight. Using the Canadian reference, mean Z-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 0, indicating that the average growth

levels were lower than the mean levels of either growth reference.



74

00

-10 o

? I I

§, s L T 3

g References

3 0 KX o

£ i
25 T = > 3 = o Canadian

Adjusted age (months)
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Figure 4-5 Mean Z-score of growth measurements in VLBW infants, relative to different
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4.2.2 Mean Z-scores relative to growth references for VLBW infants
To compare growth status of the study sample with those of VLBW infants in USA,
the mean Z-scores relative to the reference for VLBW infants reported by Casey et al’
were also calculated, see Figure 4-6. Mean Z-scores relative to the reference for VLBW
infants is slightly lower than zero. The average growth level of the study sample was

lower than that of the reference population from eight centers in USA.
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Figure 4-6 Mean Z-scores relative to growth reference for VLBW infants’

4.2.3 Prevalence of subnormal growth in VLBW infants

The prevalence of subnormal growth defined by a growth measurement less than the
median 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 only available until 18 months and the
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WHO reference for breastfed infants until 12 months, the estimation of growth status

using these references were not made after the above periods.
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Figure 4-7 Prevalence of subnormal growth in VLBW infants estimated by using
different growth references

There were no significant differences between the estimated prevalence of subnormal
growth determined using the Canadian reference and WHO reference for breastfed
infants. The estimated prevalence by the NCHS/WHO 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 significance (p<0.05 based on Chi square test). There

were no statistically significant differences in estimated prevaience of stunted growth
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between using the Canadian reference and the NCHS/WHO reference at 12 and 18
months of adjusted age. More infants were identified as underweight at 12 and 18 months
of age using the NCHS/WHO 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 Z-scores based on chronological age and adjusted age

The NCHS/WHO reference was used for comparing the growth status of VLBW
infants assessed by using chronological 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 smailer as infants grew older, it remained statistically significant up to

36 months adjusted age (p values based on t-tests were <0.001).
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Figure 4-8 Mean Z-scores based on chronological and adjusted ages in VLBW infants

4.2.4.2 Prevalence of subnormal growth based on chronological age and adjusted age

The prevalence of subnormal growth estimated using both adjusted and unadjusted
age is shown in Figure 4-9. A substantially higher proportion of infants were labeled as
“subnormal 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 chronological age vs. adjusted age at 4, 8, 12,
18, and 36 months adjusted ages, respectively; and the corresponding values 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 statistical significance with p values < 0.001 at each age group based on

Chi square test.
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Prevalence of low weight for age, %
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Figure 4-9 Prevalence of subnormal growth based on chronological and adjusted age in
VLBW infants

4.3 EXPLORATORY ANALYSIS OF DETERMINANTS OF POSTNEONATAL GROWTH

Bivariate relations between potential determinants and postneonatal 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 into

account. In these analyses, the crude associations between potential factors and



postneonatal growth were explored. The results provide information for the further

analyses of modelling procedures.
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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

80
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shorter and lighter during infancy than infants with higher birth weights. However, the

differences in length among different birth weight groups become smaller as infants

grow.
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Figure 4-11 Intrauterine growth retardation and Z-scores for length and weight in VLBW
infants
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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 4-11. The postneonatal growth and severity of [UGR

expressed by the FGR are presented in Figure 4-12.
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Figure 4-12 Severity of intrauterine growth retardation and Z-scores for length and
weight in VLBW infants



The postneonatal growth status appears to depend on the severity of intrauterine
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growth retardation. The most severely retarded infants have the lowest mean Z-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 symmetrical counterparts, see

Figure 4-13.
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Figure 4-13 Body proportionality and Z-scores for length and weight in VLBW infants



4.3.3 Parental height
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Infants were classified into three groups according to their mid-parental heights.

Infants in the higher mid-parental height group were taller and heavier than those in the

shorter mid-parental height groups. The differences became more obvious as infant grew

for both length and weight, see Figure 4-14.
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Figure 4-14 Mid-parental height and Z-scores for length and weight in VLBW infants
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4.3.4 Some clinical conditions

Figure 4-15 to Figure 4-22 present the bivariate associations between some clinical
conditions and the postneonatal growth in VLBW 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 Z-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 slightly
shorter at 4 months and lighter at 4 and 8 months of age than those without RDS, and
there were no differences between them at other ages. At 4 and 8 months of age, infants
with Apgar score at 5 minutes less than 6 were shorter and lighter than those with 6 or
more Apgar score. No obvious differences were found in the mean Z-scores for both

length and weight between infants with or without the presence of sepsis, apnea or PDA.
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4.3.5 Sociodemographic factors

The infants of mothers who were 20 years old or younger were found to have lower
mean Z-scores than those of mothers whc were older than 20 years of age, see Figure 4-
23. Although the confidence intervals for these two groups are wide because of small
numbers of infants in oldest and youngest age groups, substantial differences were found
between the group 20 or younger and the group of 21-35 years of maternal age. Because
only a small number of infants were born to non-Caucasian mothers, it was not ideal to
explore the association between maternal race and postneonatal growth based on growth
data in the present study. The mean Z-scores of infants from Caucasian and non-
Caucasian mothers were compared in Figure 4-24. The mean Z-scores were slightly
higher for infants of non-Caucasian mothers than those of Causation mothers. However,
the 95% confidence for infants of non-Caucasian mothers were very wide.

Infants were also classified into two groups according to their mother’s education:
less than 12 years and 12 years or more. Infants of mothers with less than 12 years of
education were slightly 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 intervals
were very wide, see Figure 4-25. To explore the family social-economical status (SES)
and postneonatal growth in VLBW infants, infants were divided into two groups
according to the value of Blishen index which measures the family SES: Blishen index

<30 and 2>30. Higher Blishen index indicates higher family social economical status.



Infants from higher SES families were slightly longer and heavier during infancy, see

Figure 4-26.
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Figure 4-23 Maternal age and mean Z-scores of length and weight in VLBW infants
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infants

4.3.6 Duration of hospital stay

Infants were grouped into four groups according to their duration of acute NICU
stay. Duration of acute NICU stay was taken as an indicator of severity of clinical

conditions. The longer the infants stayed in the acute NICU, the poorer they grew in
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length and weight, see Figure 4-27. A trend of convergence in mean Z-scores among
different groups was found as infants grew. The differences in mean Z-scores among

different groups were smaller for older infants than for younger ones.
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4.3.7 Antenatal steroids used
[nfants in whom antenatal steroids were used were longer and heavier than infants
bom without the use of antenatal steroids. The differences were obvious in the first few

months of life for weight, see Figure 4-28.
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Figure 4-28 Antenatal steroids used during NICU and mean Z-scores of length and
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4.3.8 Breastfed during the NICU stay
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There was no noticeable difference between infants who were primarily breastfed

and infants who were primarily formula fed, see Figure 4-29.
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Figure 4-29 Breast feeding and mean Z-scores of length and weight in VLBW infants
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4.3.9 Year of birth
Infants were arbitrarily divided into different groups according to the year of birth.

Infants born during 1977 and 1980 appeared to be longer and heavier than infants of other
groups. For infants born after 1980, there was a general trend that infants who were born
in the recent years grew better than those born in early years, especially for younger
infants, see Figure 4-30. Because of advances of prenatal and neonatal intensive care,
many more tiny newborns survived in recent years. The distributions of birth weight for
infants born in different years were calculated and compared in Figure 4-31. The
distribution of birth weight changed with the year of birth. Number of infants at the
extreme left tail of the birth weight distribution increases with the year of birth. Since the
study sample only included infants who survived to discharge from NICU, the results are

in keeping with the impression that more tiny neonates survived in the recent years.
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4.4 MIXED EFFECTS MODELS OF POSTNEONATAL GROWTH IN VLBW INFANTS

4.4.1 Average growth patterns described by basic growth models

The main advantage of applying mathematical models to human growth is that
multiple complicated data points can be distilled into a small number of parameters.
These parameters can provide a means for direct comparison between individuals or
groups. In this study, the basic models were fitted first to describe the general growth
patterns of VLBW infants. The basic growth models represent the relations between age
and the postneonatal growth in VLBW infants without considering any other covariates,
and provide estimated average growth levels of the study sample.

To formulate a mathematical model that could appropriately describe the growth data
of VLBW infants, several different mathematical components from growth models in the

132137 were assessed based on the likelihood ratio test in the mixed effects

literature
modelis. The best basic models that could be found to describe growth of VLBW infants
in this study are:

Length of an infant;= By + by; + (B, + by)*age, + B,*Vage, +¢;

and

Weight of an infant;, = g + bg; + (B, + by;)*age, + B;*log(age) + ¢,

The i represents an individual infant and ¢ represents a certain point in age. The fixed

effects By, By, and B, in Table 4-15 allow us to estimate the average growth levels and

growth rates in VLBW infants, while the random effects bg; and by; allow each individual
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to have his /her own growth pattern. The B¢s are the estimates 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 point during infancy can be
estimated using two parameters, B, and ,. Based on the parameters from basic growth

models, the average growth patterns of VLBW infants were estimated, see Figure 4-32

(the solid line).
Table 4-15 The fixed effects in basic growth models
Estimates = Approx. Std. Error  Z ratio

Length

Intercept, Bg 39.286 0.306 123.6
Growth rate, 3, -0.237 0.019 -12.7
Growth rate, 3, 10313 0.153 67.2
Weight:

Intercept, By 2.328 0.077 30.1

Growth rate, B, 0.110 0.003 334

Growth rate, B, 1.826 0.046 393

Because the time intervals between measurements are wide in the present study and
growth rate changes rapidly during infancy, it is difficult to formulate a mathematical
model 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 identifying determinants of growth in VLBW

infants since infants with different characteristics were measured at the same time

intervals.
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4.4.2 Gender specific growth patterns

To be able to compare the estimated average growth levels for VLBW infants from
the study sample with the gender specific growth references; a covariate, gender, was
added into the models. The inclusion of gender allows for separate models for subgroups
or, equivalently, allows the parameters to depend upon the gender of infants. The mixed
effects model for length is:
Length;, = By +bgi+B sex+(B; + byage, + (B;)Vage, + Psage*sex + BsVage *sex +e;,.
For weight is:
Weight;, =Botbgi+Bisex+{(B, b\ )age+(Bs )log(age)+Bsage*sex+ Pslog(age)*sex+e;.
The inclusion of P, B; and Bs in the model allows infants with different genders to have
different intercepts and growth rates. The likelihood ratio test showed that there was no
statistically significant difference in intercepts (B;) between boys and girls, while there
were statistically significant differences for two parameters related to growth rate (B, and

Bs). The estimated parameters of fixed effects are presented in Table 4-16.

The interpretations of these parameters are not straight forward. Both intercept
parameters (g and B,) themselves have no direct interpretations since the observational
range in this study did not cover the time 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 Bs) are found

to be significantly different from zero using likelihood ratio tests. In other words, the
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growth rates in VLBW infants depend on age and gender. The growth rates for either
length or weight are not constant over ages. The difference between boys and girls in the

growth measurements of length or weight also depends on age.

Table 4-16 The fixed effects in the mixed effects models included gender*

Estimates Approx. Std. Error Z ratio
Length:
Intercept
Bo 39.60 0.42 93.19
B (sex) -0.46 0.61 -0.74
Growth rate
B2 (age*sex) -0.174 0.025 -6.84
B; (Vage) 9.836 0.211 46.68
B4 (age*sex) -0.132 0.037 -3.55
Bs(Vage*sex) 1.003 0.305 3.29
Weight:
Intercept
Bo 2.40 0.11 21.89
By (sex) -0.16 0.16 -1.02
Growth rate
B, (age) 0.119 0.00045 26.14
B3 (log(age)) 1.661 0.0645 25.73
B4 (age*sex) -0.019 0.0066 -2.89
Bs (log(age)*sex) 0.352 0.0934 3.76

* Length = By+by+P sex+(B,+b,Jage+p;* Vage+Page*sex+ PsVage*sex;
*Weight = Bg+by+f sex+(B,+b,)age+P;log(age) P age*sex+Bslog(age)*sex. Sex code: 0
for girl and 1 for boy
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The difference in weight between boys and girls (estimated values for boys minus those

for girls) is:

-0.16-0.019*age+0.352*log(age)

and in length is:

-0.46-0.132*age+1.003*sqrt(age).

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 differences were not constant over time. 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
VLBW infants based on the growth models are close to the 10th percentile of the
reference. From 8 to 18 months, the average weight of VLBW infants is lower 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 infants continuously
rises as infants grow, see Figure 4-35. Compared with the Canadian growth references,
the relative position for VLBW infants continuously rises as infants grow in both weight

and length, see Figure 4-36 and Figure 4-37.
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443 Determinants of postneonatal growth: Mixed effects 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 included only 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! first, followed by the interaction
term. 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) 2 model with both the main effect and interaction
terms. The association between a factor and postneonatal growth was tested using the

likelihood ratio statistics.

Birth weight, mid-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 4-17. The lower birth weight
infants grow faster than those with higher birth weights. The infants of taller 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 infants
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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 less than 12 years education. The presence of SGA and CP and
the use of antenata: steroids are associated only with the growth level of length during the
observed period. The SGA infants are shorter than AGA infants. Infants with CP are
shorter than infants without CP. The infants whose mothers received antenatal 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 contributions to the growth in length in VLBW
infants. The variables were added into the model sequentially in the order of the
magnitude of the likelihood ratio from the previous analysis. 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 4-18. 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 postneonatal growth in

length. They are birth weight, mid-parental height, maternal age. gestational age, CP,
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NEC and BPD. The SGA was defined based on gestational age and birth weight, and the
gestational age had a much higher likelihood ratio than SGA. Therefore, the gestational

age was used in the model.

Table 4-17 Fixed effects for length: variables were added into the basic model

individually _

Fixed effect SE Z ratio LR test* P value
Birth weight 81.86 (df=2)"  <0.0001
BW, 100 ¢g 0.61 0.065 9.36 70.10 (df=1)>  <0.0001
Age:BW -0.0085 0.0025 -3.45 11.76 (df=1)°  0.0006
Mid-parental height 54.53 (df=2) <0.0001
MPH, 10 cm 0.78 023 335 27.85 (df=1) <0.0001
Age:MPH 0.042 0.0081 5.26 26.68 (df=1) <0.0001
BPD 22.67 (df=2) <0.0001
BPD -1.32 028 471 17.37 (df=1) <0.0001
Age:BPD 0.023 0.010 231 5.30 (df=1) 0.021
Maternal age < 20 yr. 19.47 (df=2) <0.0001
Mage -1.19 044  -2.71 6.14 (df=l) 0.013
Age:Mage -0.039 0.016 -248 13.33 (df=1) 0.00026
SGA 12.14 (df=2) 0.0023
SGA -0.98 028  -3.51 10.93 (df=1) 0.00095
Age:SGA 0.011 0.010 1.10 1.21 (df=1) 0.27
NEC 9.81 (df=2) 0.0074
NEC -1.06 037  -2.88 5.57 (df=1) 0.018
Age:NEC 0.027 0.013 207 4.24 (df=1) 0.039
CP 9.58 (df=2) 0.0083
CpP -1.34 049  -2.75 9.29 (df=1) 0.0023
Age:CP -0.0094 0.018 -0.54 0.29 (df=1) 0.59
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Fixed effect Std.Error zratio LR test P value
PDA 7.90 (df=2) 0.019
PDA -0.20 027 -0.75 0.01 (df=1) 0.93
Age:PDA 0.027 0010 2.82 7.89 (df=1) 0.005
Antenatal steroids 5.97 (df=2) 0.051
Antenatal steroids  0.63 0.27 236  5.96 (df=1) 0.015
Age:steroids -0.0010 0.010 -0.10  0.01 (df=1) 0.92
Maternal school 5.64 (df=2) 0.060
Mschool -0.49 0.37 -1.32  0.44 (df=1) 0.51
Age:Mschool 0.030 0.013 229  5.20 (df=1) 0.023
Sepsis 4.65 (df=2) 0.097
Sepsis -0.37 0.33 -1.09  0.24 (df=1) 0.62
Age:Sepsis 0.025 0.012 2.10 441 df=1) 0.036
SES 421 (df=2) 0.12
SES 0.30 0.28 1.06 1.76 (df=1) 0.18
Age:SES 0.013 0.010 1.33 245 df=1) 0.12
Breastfed 3.36 (df=2) 0.19
Breastfed -0.031 0.27 -0.11  3.17 (df=1) 0.075
Age:Breastfed 0.017 0.010 1.78  0.19 (df=1) 0.66

* 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 term.
c¢: Drop of deviance when adding only interaction term into the model with the main

effect term.
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Table 4-18 Likelihood ratio test for length: variables added into the model sequentially

Likelihood ratio statisitc P value
Birth weight 81.86(df=2) <0.0001
BW,100 g 70.10(df=1) <0.0001
Age:BW 11.76(df=1) 0.0006
Mid-parental height 52.20(df=2) <0.0001
MPH, 10 cm 21.27(df=1) <0.0001
Age:MPH 30.93(df=1) <0.0001
Maternal age 20 < yr. 29.62(df=2) <0.0001
Mage 19.98(df=1) <0.0001
Age:Mage 9.64(df=1) 0.0019
Gestational age 51.61 (df=2) <0.0001
Gestational age 51.04 (df=1) <0.0001
Age:gestational age 0.57 (df=1) 0.45
NEC 14.97 (df=2) 0.00056
NEC 12.23(df=1) 0.00047
Age:NEC 2.74(df=1) 0.098
CP 11.66(df=2) 0.0029
cp 11.23(df=1) 0.0080
Age:CP 0.41(df=1) 0.52
BPD 4.24(df=2) 0.12
BPD 4.08((df=1) 0.043
Age:BPD 0.16(df=1) 0.69

A final growth model was fitted by dropping the nonsignificant 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 significant, both

main effect terms would remain in the model. For variables without significant



interaction terms, only those with significant main effect terms remained in the model,

see Table 4-19.

Table 4-19 Estimates of fixed effects in the final model for length
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Value Std.Error zZratio
(Intercept) 38.8010 3.9874
sex -0.5201 0.5644 -0.922
birth weight, 100 g 0.8743 0.0839 10417
MPH, 10 cm 0.4233 0.2060 2.055
mage<20 yr. -1.4561 C.4838 -3.010
NEC -0.9932 0.3249 -3.057
CP -1.3554 0.4084 -3.319
BPD -0.5342 0.2664 -2.005
Gestation, wk. -0.5108 0.0633 -8.073
Slope:
age -0.8760 0.1364 -6.425
age:sex -0.1310 0.0350 -3.739
age:BW -0.0099 0.0026 3.7
age:MPH 0.0472 0.0079 5.991
age:mage<20 yr. -0.0477 0.0185 -2.574
sqrt(age) 9.7916 0.1930 50.731
sqrt(age):sex 1.0160 0.2774 3.662

The factors which are associated with growth rate in length are birth weight, mid-

parental height, maternal age and gender. The factors that are only associated with growth

level are gestational age, NEC, CP and BPD. Examination of the residual plots and the
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distribution of estimates of the random effects for this final 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 allow to assess the details of the association between

a factor and postneonatal growth while the potential confounding effects of the other

factors were considered. One way to express the association between a factor and

postneonatal growth is to estimate the differences 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 differences vary depending on

age.

Difference in length, cm

e

BPD

ESESEENENRCEEEEESINENENEsEeONEssSUORESsE WA
_2.-.*"**- NEC
e -"""—-.___‘__ 'Y

..,_____‘.”_‘ P
33 ‘\"'-—_ I

1 Matemal age 20yrs

4l e or younger
4 6 8 101214 1618 02224 6 28 30 2 A4 ¥

Adjusted age (months)

Figure 4-38 Relations between factors and length in VLBW infants
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The line “MPII” in Figure 4-38 represents average differences in length between the
infants of parents with 10 cm difference in height, 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 difference = infants with 10 cm taller MPH - comparison infants
The line “male” represents average differences between boys and girls. The line “BW”
represents the differences in length of the infants who were 100 grams heavier. The line
“Gestation” represents the change in length if the infants 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 maternal age
shows the difference between infants of mothers who 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 increased 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 slower 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 postneonatal 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 statistical
significance after adding other variables into the models. They are the presence of SGA,

PDA and Sepsis, the use of antenatal steroids, and maternal education.

4.4.3.2 Determinants of weight

Without considering the confounding effects of other factors, seven factors were
found to be associated with postneonatal growth in weight with statistical significance,
see Table 4-20. They were birth weight, mid-parental height, the presence of BPD, SGA
and NEC, maternal age, and the use of antenatal steroids. Among 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 contributed to the
prediction of weight were birth weight, mid-parental height, gestational age, maternal
age, NEC and BPD see Table 4-21.

The fixed effects in the final model for weight are presented in Table 4-22. After
taking the confounding effects of other factors into consideration, birth weight, gender,

mid-parental height, gestational age, maternal age, NEC and BPD were found to be
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associated with the postneonatal growth in weight. Besides gender, four variables were
found to be associated with the growth rate of weight. They are birth weight, gestational
age, mid-parental height and maternal age. NEC and BPD were found to be associated
only with the growth level 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
assumptions 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 zratio LR test* P value
Birthweight 69.88(df=2)" 0.0001
BW 0.166 0.0211 7.85 65.34(df=1 )" <0.0001
Age:BW 0.0022 0.0010 2.14 4,54 (df=1Y° 0.033
Mid-parental height 43.79(df=2) <0.0001
MPH 0.078 0.074 1.05 3.72 (df=1) 0.054
Age:MPH 0.021 0.0032 6.49 40.07(df=1) <0.0001
BPD 24.95(df=2) <0.0001
BPD -0.45 0.088 -5.05  23.84(df=1) <0.0001
Age:BPD 0.0043 0.0041 1.06 1.11{df=1) 0.29
SGA 17.43(df=2) 0.0016
SGA -0.18 0.089 -2.08 6.83(df=1) 0.0090
Age:SGA -0.013 0.0040 =328 10.60(df=1) 0.0011
NEC 12.41(df=2) 0.0020
NEC -0.34 0.12 -293  6.75(df=1) 0.0094

Age:NEC 0.013  0.0053 239  5.66(df=1) 0.017
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(Table 4-20 continued)

Value StdEror zratio Likelihood ratio test P value
Maternal age <20 yr. 11.56(df=2) 0.0031
Mage -0.39 0.14 -2.79  9.29(df=1) 0.0023
Age:Mage -0.0096 0.0063 -1.51  2.27(df=1) 0.13
Antenatal steroids 8.44(df=2) 0.015
Antenatal steroids  0.23 0.084 2.69 7.97(df=1) 0.0048
Age:steroids 0.0026 0.0038 0.69 0.47(df=1) 0.49
SES 3.73(df=2) 0.15
SES 0.12 0.087 1.37 2.44(df=1) 0.11
Age:SES 0.0047 0.0041 1.14 1.29(df=1) 0.26
Breastfed 3.18(df=2) 0.20
Breastfed -0.035 0.085 -0.41 0.023 (df=1) 0.88
Age:Breastfed 0.0069 0.0039 1.78 3.16 (df=1) 0.075
CP 2.70(df=2) 0.26
CP -0.25  0.25 -1.59  2.67(df=1) 0.10
Age:CP -0.0012 0.0071 -0.17  0.039(df=1) 0.87
Sepsis 2.17(df=2) 0.34
Sepsis -0.063 0.11 -0.60 0.15(df=1) 0.69
Age:Sepsis 0.0069 0.0049 1.42 2.02(df=1) 0.16
Maternal school 2.14(df=2) 0.34
Mschool -0.17 0.12 -1.46  2.08(df=t) 0.15
Age:Mschool 0.0012 0.0054 0.23 0.05(df=1) 0.82
PDA 0.94(df=2) 0.62
PDA -0.055 0.084 -0.65 0.29(df=1) 0.58
Age:PDA 0.0031 0.0039 0.81 0.65(df=1) 0.42

* 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 term.

c: Drop of deviance when adding only interaction term into the model with the main
effect term.
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Table 4-21 Likelihood ratio tests for determinants of weight: variables added into the

model sequentially

Likelihood ratio statisitc P value
Birthweight 69.88(df=2) <0.000t
BW 65.34(df=1) <0.0001
Age:BW 4.54(df=1) 0.033
Mid-parental height 40.81(df=2) <0.0001
MPH, 10 cm 2.31(df=1) 0.13
Age:MPH 38.50(df=1) <0.0001
Gestational age 33.19 (df=2) <0.0001
Gestational age 22.86 (df=1) <0.0001
Age:gestational age 10.33 (df=1) 0.0013
Maternal age < 20 yr, 21.46 (df=2) <0.0001
Mage 12.11 (df=1) 0.0005
Age:Mage 9.35 (df=1) 0.0022
NEC 8.24 (df=2) 0.016
NEC 12.23(df=1) 0.0069
Age:NEC 2.74(df=1) 0.33
BPD 7.30(df=2) 0.026
BPD 7.20(df=1) 0.0073
Age:BPD 0.11(df=1) 0.75
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Table 4-22 Estimates of fixed effects in the final model for weight

Value Approx. SE zratio
(Intercept) 3.3445 1.3696
sex -0.0629 0.1497 -0.420
BW, 100 g 0.2157 0.0291 7.420
GA, week -0.1059 0.0230 -4.602
MPH, 10 cm 0.0061 0.0696 0.088
Maternal age -0.4137 0.1628 -2.541
NEC -0.3237 0.1140 -2.840
BPD -0.2519 0.0944 -2.669
Slope:
age -0.1357 0.0629 -2.155
log(age) 1.6436 0.0574 28.651
age:sex -0.0174 0.0066 -2.650
log(age):sex 0.2918 0.0825 3.535
age:bw 0.0033 0.0013 2.540
age:GA -0.0033 0.0011 -3.127
age:mphl0 0.0187 0.0032 5.774
age:Mage -0.0210 0.0075 -2.790

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 birth 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 slightly slower than those with shorter gestational
ages. Infants who had NEC were lighter than 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 infants of mothers who were older than 20 years.
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Figure 4-39 Relations between factors and weight in VLBW infants

4.5 APPLYING GRGWTH 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 estimated

using the growth models. Only limited growth information was available for infants who
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were not iicluded in the present study sample. The predicted values in weight were

plotted against the observed values in Figure 4-40.

2 4 6 8 0 2 " 3 8
Predicted weight, g

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 slightly (0.10 kg) heavier than infants with similar characteristics in the study

sample, but the clinical significance of this is unclear.
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4.6 PREDICTORS OF SUBNORMAL GROWTH AT THREE YEARS 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: subnormal and normal growth
groups. Infants with a growth measurement equal to or less than the median minus 2 SD
of the NCHS/WHO reference at 36 months adjusted age were taken as subnormal in
growth. The mean values of continuous variables of potential factors for subnormal and

normal groups are presented in Table 4-23.

Table 4-23 Characteristics of infants with subnormal and normal growth in length at
age three years: means

Subnormal Normal
(Z score< -2) (Z-score>-2)
95% CI of
Mean SD No. Mean SD No. Difference
Birthweight, (g) 8614 188.0 33 9603 1874 414 -1655,-323
Gestational age (wk.) 28.2 26 33 277 23 414 -033,13
Ponderal index 227 026 33 213 026 402 0.06,0.24
Maternal age (yr.) 25.5 55 33 278 52 414 -4.1,-0.36
Acute NICU (days) 61.2 385 33 437 314 414 62,289

Mid-parental height, cm 166.8 6.1 30 1709 6.0 340 -6.3,-1.9

The bivariate analysis showed that subnormal growth infants had lower birth weight,

higher ponderal index, younger maternal age, lower mid-parental height and longer
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hospital stay than normal infants. Infants with subnormal growth in length at 3 years

adjusted age were more likely to be infants with [UGR, CP, BPD, and subnormal growth

at 4 months adjusted age than the normal growth infants, see Table 4-24.

Table 4-24 Characteristics of infants with subnormal and normal growth in length at age

three years: Proportions

Subnormal  No. Normal No. P value®

Male 51.1 33 46.1 414 0.55
Apgar score less than 6:

at 5 minutes 21.2 33 20.0 409 0.87
Race, Non-Caucasian 12.1 33 11.6 405 0.93
SGA 485 33 22.1 412 <0.001
Asymmetric at birth 3.0 33 14.9 402 0.07
cp 18.2 33 6.8 414 0.02
BPD 548 31 30.9 404  0.006
Necrotizing enterocolitis 9.1 33 15.3 412 0.33
PDA 30.3 33 41.8 414 0.20
RDS 66.7 33 68.6 414 0.81
Sepsis 21.2 33 18.6 414 0.71
Apnea 75.8 33 70.8 414 0.54
Low SES 323 31 22.0 369 0.18
Matemal education 19.4 31 15.9 383 0.62
(<12yr)
Subnormal growth 67.9 28 21.7 382  <0.0001

at 4 months adjusted age

a: P values of Chi square test.
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To determine the predictors of subnormal growth in length at three years of age,
logistic regression 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
negatively associated with the occurrence of subnormal growth. Gestational age, CP and
BPD were positiveiy associated with subnormal growth in length, see Table 4-25.

To assess the predictive importance of the previous growth status on growth outcome
at three years of age, an indicator of subnormal growth at 4 months adjusted age was
postulated. The growth status at 4 months adjusted age was associated with subnormal
growth at 36 months adjusted age with statistical significance, see Table 4-26. After
taking the predictive contribution of growth status at 4 months adjusted age into
consideration, CP and BPD were no longer associated with subnormal growth at 3 years
adjusted age with statistical significance. The point estimates of odds ratios for birth
weight, mid-parental height, gestational age, CP and BPD decreased (close to 1) when
growth status at 4 months adjusted age was included in the model.

In this analysis, the variables such as birth weight, gestational 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 term or

logarithmic term in the model and testing the change of the residual deviance between
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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
statistical significance. There was no evidence against the assumption that the association
between a factor and subnormal growth at 3 years adjusted age depended on the level of

other factors.

Table 4-25 Odds ratios for subnormal growth in length at 3 years of age computed

from 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 022  0.09,0.52
GA, week 0.2960 0.1126 0.0086 1.34  1.08,1.68

Maternal age <20 yr. 1.5500 0.5847 0.0080 4.71 1.50, 14.8
BPD 1.0415 0.5067 0.0398 2.83 1.05, 3.17
CP 1.2172 0.6017 0.0431 3.38 1.04, 2.40

Constant 17.4905 8.0381
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Table 4-26 Odds ratios for subnormal growth in length at 3 years of age computed from

logistic regression analyses: model 2

Variable Parameter S.E. P value OR 95% CI

BW,100g -0.3394 0.1636 0.0380 0.71 0.52,0.98
MPH, 10 cm -1.3267 0.4572 0.0037 027  0.11,0.65
GA, week 0.2652 0.1186 0.0254 1.30 1.03, 1.64

Maternal age<20 yr. 0.8788 0.6736 0.1921 241 0.64,9.01
BPD 0.9643 0.5618 0.0861 262 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 292  1.03,8.30

Constant 14.3143 8.3504

4.6.2 For weight

Infants who were subnormal in weight were found to have significantly lower birth
weight, longer gestational age, higher ponderal index, older maternal 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 normal infants, but there was no

statistical significance, see Table 4-27.



136

Table 4-27 The Characteristics of infants with subnormal and normal growth in

weight at age three years: means

Subnormal Normal

(sMedian -2SD) (>Median-25D)

95% CI of

Mean SD No. Mean SD No. Difference

Birthweight, (g) 873.0 2078 71 968.0 1816 376 -142.3,-47.7
Gestational age (wk.) 28.5 29 71 27.7 2.2 376 02,14
Ponderal index 220 027 71 213 026 357 001,0.14
Maternal age (yr.) 260 56 71 279 52 376 -3.2,-0.59
Acute NICU (days) 492 353 71 442 316 376 32,132

Total hospital stay (days) 909 369 65 875 345 344 -58,12.7

Mid-parental height,cm 1682 56 57 171.0 6.0 313 44, -1.1

Intrauterine growth status (SGA), BPD, NEC, SES and subnormal growth at 4
months adjusted age were also found to be associated with subnormal growth in weight at
36 months adjusted age, see Table 4-28. A higher percentage of subnormal infants were
SGA and subnormal at 4 months adjusted age. Also, a higher percentage of them had

BPD while a lower percentage had NEC.
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Table 4-28 Characteristics of infants with subnormal and normal growth in weight at age

three years: Proportions %

Subnormal No. Normal No. Pvalue®

Male 423 71 473 376 0.43
Apgar score less than 6:

at 5 minutes 21.1 71 19.9 3N 0.82
Race, Non-Caucasian 9.0 67 12.1 371 0.46
SGA 49.3 71 19.3 374 <0.0001
Asymmetric at birth 11.4 70 14.5 365 0.49
Ccp 8.5 71 7.4 376 0.77
BPD 43.5 69 30.6 366 0.036
Necrotizing enterocolitis 7.0 71 16.3 374 0.044
PDA 43.7 71 40.4 376 0.61
RDS 59.2 71 702 376 0.066
Sepsis 239 71 17.8 376 0.23
Apnea 71.8 71 71.0 376 0.89
Low SES 30.8 65 21.2 335 0.092
Maternal education 23.1 65 14.5 349 0.10
(<12yr)
Subnormal growth 55.2 67 14.6 343  <0.0001

at 4 months adj. age

a: P values of Chi square test.

The Odds ratios estimated from the logistic regression analysis are presented in

Table 4-29. Only variables which significantly 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 subnormal growth in weight while longer
gestational age and younger maternal 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 nct have statistical
significance. Since BPD is the only non-significant variable with P value <0.10, it

remains in the final model.

Table 4-29 Odds ratios for subnormal growth in weight at 3 years adjusted age computed

from logistic regression analyses: Model 1

Variables Parameter S.E. P value OR 95% CI

BW, 100 g -0.4189 0.1130 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
Matemnal age<20 1.9591 0.5030 0.0001 7.09 2.65, 19.01
BPD 0.6491 0.3840 0.0909 1.91 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 remained

associated with subnormal growth with statistical significance, see Table 4-30.



139

Subnormal growth at 4 months adjusted age is strongly associated with subnormal growth
that 3 years adjusted age. [nfants 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
model with statistical significance by examining the change of the residual deviance

between the models with and without the interaction term.

Table 4-30 Odds ratios for subnormal growth in weight at age three years computed from

logistic regression analyses: Model 2

Variables Parameter S.E. P value OR 95% CI
BW, 100 g -0.3467 0.1195 0.0037 0.71  0.56,0.89
MPH, 10 cm -0.8926 0.3123 0.0043 041 0.22,0.76
GA, week 0.2692 0.0857 0.0017 1.31 1.11, 1.54
Maternal age<20 yr. 1.2112 0.5388 0.0246 3.36 1.17,9.65
BPD 0.1955 0.4153 0.6379 .22 0.54,2.74
Subnormal at 4 mo. 1.6064 0.3713 <0.0001 499 2.41,10.32

Constant 8.3917 5.8544
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4.7 PREDICTORS OF SUBNORMAL GROWTH DURING INFANCY

Generalized linear models for clustered data®~° via “generalized estimating
equations (GEE)” in the computer program of S statistical package were used to assess
the associations between potential factors and subnormal 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 4-31 to Table 4-34 were computed
using the “exchangeable” correlation structure in the model.

The infants of talier parents or with higher birth weight were less likely to have
subnormal growth during infancy in both length and weight. The association between
mid-parental height and subnormal growth in weight increased with age in terms of odd
ratio of subnormal weight. The odds ratio of subnormal weight of infants whose parents
were 10 cm taller deviates further from 1 as infants grew, see Figure 4-41. The 95%
confidence intervals were calculated 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 maternal age < 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 length for NEC infants relative to non-NEC infants
approaches one as infants grew, see Figure 4-42. Infants with BPD, longer gestational age

and maternal age < 20 years were more likely to have subnormal growth in weight.



Table 4-31 Predictors of log odds of subnormal growth in length
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Estimate S.E. Z value P value
Intercept 8.4046 3.4639 2.426
age -0.0435 0.0072 -6.067 <0.0001
mph, 10 cm -0.7828 0.1809 -4.326 <0.0001
BW, 100 g -0.5650 0.0712 -7.935 <0.0001
GA, week 0.3211 0.0589 5.454 <0.0001
Maternal age< 20 yr. 1.1588 0.3630 3.192 0.0014
NEC 1.0521 0.3082 3414 0.0006
age*NEC (interaction)  -0.0311 0.0160 -1.942 0.052

Table 4-32 Odds ratios for subnormal growth in length computed from the GEE model

Variables

OR (95% CI)

MPH, 10 cm
BW, 100 g

GA, week
Maternal age < 20
NEC, at 4 mo.
NEC, at 36 mo.

0.46 (0.32, 0.65)
0.57 (0.49, 0.65)
1.38 (1.23, 1.55)
3.19 (1.56, 6.49)
2.53 (1.45, 4.40)
0.94 (0.35, 2.50)




Table 4-33 Predictors of log odds of subnormal growth in weight
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Estimate S.E. Zvalue P value
(Intercept) -2.1062 3.6749 -0.5731
age 0.4694 0.1634 2.8728 0.0041
age’ -0.0025 0.0004 -6.2023 <0.0001
BW, 100 g -0.3677 0.0619 -5.9359 <0.0001
GA, week 0.2226 0.0506 4.4007 <0.0001
MPH, 10 cm -0.1294 0.1968 -0.6576 0.51
Maternal age<20 yr. 1.3753 0.3634 3.7845 0.00015
BPD 0.6556 0.1983 3.3054 0.00095
age*MPH (interaction) -0.0234 0.0095 -2.4715 0.013

Table 4-34 Odds ratios for subnormal growth of weight computed from the GEE model

Variables

OR (95% CI)

MPH, 10 cm at 4 mo.
MPH, 10 cm at 36 mo.
BW, 100 g

GA, week

Maternal age <20 yr.
BPD

0.80 (0.60, 1.08)
0.38 (0.23, 0.63)
0.69 (0.61, 0.78)
1.25 (1.13,1.38)
3.96 (1.94,8.07)
1.93 (1.31,2.84)
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Figure 4-41 Odds ratio of subnormal growth in weight for infants of taller (10 cm)
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Figure 4-42 Odds ratio of subnormal growth in length for infants with NEC
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CHAPTER FIVE: DISCUSSION

5.1 INTRODUCTION

There were two major goals in this study: to describe the growth patterns and to
identify the determinants of postneonatal growth in VLBW infants. Both classical
methods and mixed effects models were used to describe the growth patterns. VLBW
infants were found to follow different growth patterns from the normal term 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 different 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 VLBW preterm infants.

Three modelling approaches were implemented to identify 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 identify predictors of subnormal growth at 3 years adjusted age. The GEE
approach was used to identify predictors of subnormai growth during infancy. Higher
birth weight and higher mid-parental height were positively associated with postneonatal
growth while younger matemnal age and longer gestational age were negatively associated

with postneonatal growth. Infants with BPD, NEC and CP were found to have poorer
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growth during infancy. The detailed associations between each factor and postneonatal
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 postneonatal growth have
been quantified. Such quantification is important for assessing and predicting growth in
VLBW infants. The intent of this chapter is to discuss potential biases such as the
representativeness of the study sample and issues related to growth assessment (such as
selection of growth references and adjusting for prematurity), to review the findings
within 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
maternal age, higher maternal education and social economic status, and higher
prevalence of some adverse clinical conditions than infants who weighed 1250 grams 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 underestimated in
this study. However, the final goal of the present study was to describe the growth
patterns of VLBW infants based on their perinatal and parental characteristics. The
growth models developed in this study could be representative of the general population

of VLBW infants only under the assumption that the infants who were not included in the
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study due to incomplete follow-up grew similarly to those in the study sample if they had
had the same 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 substantial. Based on limited information available, infants who
were not included in the study sample were found to be slightly heavier (0.10 kg) than the
study sample assuming they had similar perinatal and parental characteristics. The causes
of such differences are unknown. It might be due to the following: (a) infants with similar
characteristics who were not included in the study were those with better growth
outcomes than the study sample (selection bias); or (b) there might be some other factors,
such as the severity of illness, which affected the growth of VLBW infants and were
distributed differently in the study sample than in other infants. Those factors were not
taken into consideration in the present study (confounding effects). The change of growth
status during infancy in this study was a reasonable description of the change of growth
status in VLBW infants since the comparisons of growth status at different ages were
based on the repeated measurements of almost 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 particular characteristics will 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 differences 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 lower than zero during the
observational period for both weight and length, which suggests that the average growth
levels of VLBW infants were lower than those of the reference populations. The average
growth levels of the study sample estimated by mixed effects models were also lower
than the median of the growth references at all age groups for both weight and length.
Like normal term infants,'*® 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 VLBW infants since the study sample is different from
infants who were not 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 calculating the mean Z-scores and estimating the mean growth levels with

the mixed effects models that the growth status of VLBW 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 NCHS/WHO reference. The prevalence of subnormal growth
decreases during infancy for both length and weight when using the Canadian reference
and for length when using the NCHS/WHO reference. The prevalence of subnormal
growth for weight relative to the NCHS/WHO reference increases before 12 months
adjusted age and decreases afterward. Catch-up growth was found for length regardless of
which references were used. Different results on catch-up growth in weight were obtained
by using different references. Relative to the NCHS/WHO reference, no catch-up growth
in the first 12 months adjusted age was observed while catch-up growth was observed
relative to the Canadian reference.

A recent large sample study on the growth of low birth weight (<2500 g) infants by
Casey et al’ reported that little catch-up was found in three low birth weight groups
including 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, they did find that the lowest birth weight (<1250 g) infants grew faster than the
other two groups at 12 months of age, which suggested some catch-up growth. No catch-
up growth after 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



149

comparisons have been made by means of Z-scores or prevalence of subnormal growth.
The growth rates were only compared among three low birth weight groups but not with
growth references. The differences in the characteristics of the study samples might also
be attributable to the discrepancies in the growth outcomes. Compared to Casey’s study,
the present study did not exclude infants who received more than 90 days of oxygen or
were hospitalized more than 60 days after 40 weeks corrected for gestational atge.7 The
mean growth levels of the study sample are slightly lower than the mean growth levels of
the growth references developed by Casey et al.

Some studies in the literature reported no catch-up growth in VEBW infants. Kimble
et al. reported that average growth levels of length in AGA VLBW infants (<1501 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 first three years of life. No catch-up growth in
VLBW infants was found in their study.4 Karniski et al. reported the mean Z-scores of
weight and length in VLBW infants and no catch-up growth was found." Both of the
above studies were based on growth data of small sample sizes. The characteristics of
their study samples were different from 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-term 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 from 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
limit 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.m
Obviously their study only included very small infants.

Some studies showed the existence of an incomplete catch-up growth in VLBW
infants. Both studies by Hack et al® and Qvigstad et al' showed that the proportion of
subnormal growth decreased as infants grew. Their findings are comparable to the
findings of the present study. Although the VLBW infants showed some degree of catch-
up growth, their growth levels are still substantially lower than the median of the
reference population and a substantiaily larger proportion of infants than expected remain

“*subnormal”.

5.3.1 Growth references in describing growth patterns

The differences in growth references from different populations have been realized in

12.61.88.8991 However, a WHO working group")2 pointed out that “for practical

the literature.
purposes they (the differences) are not considered large enough to invalidate the general
use of the NCHS population both as a reference and a standard.” In this study,
substantially different growth outcomes for the same group of VLBW infants were
obtained using different references: the Canadian (local) reference and the NCHS/WHO

(international) reference, especially for younger infants. At 4 months adjusted age, over
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twenty percent of infants were classified as “subnormal” growth in either length or
weight using the Canadian reference but as “normal” using the NCHS/WHO reference.
As the infants grew older, more of them were classified 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 practical impact of using the NCHS/WHO reference and the reference data for
breast-fed infants was discussed by examples of the growth data from developing
countries and the growth data of American and European formula-fed infants; and the
different results in growth outcomes were obtained by using different growth
references.’' 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 different
from using the NCHS/WHO reference.

The discrepancies in the growth outcomes using different growth references make us
suspect the validity of the current growth references. Determining the most valid growth
references is beyond the scope of the present study. However, the comparisons of the
characteristics of the current growth references show that the Canadian growth reference
seems to be more appropriate than the NCHS/WHO reference for the present study
population. The original National Center for Health Statistics (NCHS) growth curves
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 Fels 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 NCHS/WHO 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 data are longitudinal while the NCHS/WHO growth data
are cross-sectional. Also, the Canadian growth reference data were collected from
populations with similar social contexts as the present study population. It may represent
the current expected growth of normal term infants in the same social environmental
context of population and with current high breast feeding rates. 5 The differences
among growth references might also be attributable to the inconsistent findings on the
growth outcomes in the previous studies since various growth references have been used

34,11

in the literature. [t should be cautioned that even the same infant might be labeled as

“subnormal” growth using one growth reference but as “normal” using another reference.

As mentioned previously, a growth reference for low birth weight infants was
established by Casey et al.”'® Low birth weight infants were divided into three different
groups according to their birth weights. The average growth levels for each group were
calculated. These average growth levels estimated from the study sample can only
provide the information of the general growth status for a particular group of infants. One
should be skeptical of efforts to apply any average growth levels of a study sample to
other groups of infants with different characteristics. The present study indicates that the
postneonatal growth patterns of VLBW infants depend on the characteristics of infants.

Even for infants free from adverse clinical conditions, the growth patterns are still



153

strongly associated with birth weight, gestational age, mid-parental height and gender.
The difference in the growth outcomes among different studies may be attributable to the
differences in the characteristics among study samples. No average growth patterns from
a single study sample are adequately representative of the growth of all VLBW infants.
Therefore, the characteristic specific growth patterns are more informative than the
average growth patterns for predicting and assessing the growth of VLBW infants. The
growth models developed in this study allow 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.

[t should be pointed out that expected growth from the growth models is the average
growth levels of infants with the same characteristics in the contemporary clinical and
social environments rather than the “ideal” growth levels of the infants. The predicted
average growth levels for infants with BPD, NEC or CP or infants of teenage mothers 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 infant’s growth is
normai. However, the predicted growth patterns from the models can be obtained based
on birth weight, gestational age, mid-parental height and gender assuming that the infant
is free from 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 necessary to have a growth reference developed

from VLBW infants to assess the growth of VLBW infants. The reason against the use of
this reference is that VLBW infants were not healthy newborns and the reference
developed from this population did not represent the expected “standard” growth for
VLBW infants. Hack and Fanaroff stated that “it is perhaps less cumbersome to use
standardized growth charts (based on normal term infants) with the knowledge that
deviations are normal.” However, VLBW infants were found to follow different growth
patterns from normal term infants in this study as well as in previous studies.*” The
growth reference for VLBW infants provides a useful tool to monitor the growth progress
for VLBW infants. The growth levels in the majority of VLBW infants were found to be
lower than the median of growth reference for normal term infants and a substantial
proportion of them were lower than the mean or median minus 2 SD. Therefore, the
growth progress of VLBW infants cannot be easily observed using references for normal
term infants. The reference for VLBW 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

11,36

recommended for the growth assessment of preterm infants, ~ few studies have

explored the necessary period for the adjustment in VLBW infants discharged from
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contemporary Neonatal Intensive Care Units (NICU). Brandt'' studied appropriate for
gestational age (AGA) infants, most with birthweights <1500 grams, in Germany; and
concluded that the age adjustment for prematurity became unnecessary after 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
VLBW infants discharged from the NICU in current clinical and social context. A recent
study by Elliman et al.’ suggests that adjusting for prematurity is necessary even up to 7
years of age for assessing growth in height in preterm infants with 2000 grams or less
birth weight.

The adjusting of age for prematurity is based on the belief that the expected
postneonatal growth before term for preterm infants is similar to intrauterine growth of
fetus with the same *“post-conception” age. [f the postneonatal environment were more
favorable to infants’ growth than intrauterine environment is to the fetus, it might not be
appropriate to adjust age by calculating age starting from 40 weeks of gestation. The term
“partial correction” for prematurity appeared in the literature,'® in which the adjusted age
is calculated from sometime before 40 weeks of conception. However, Brandt compared
the postneonatal growth of infants withourt intrauterine growth retardation with the six
intrauterine growth standards developed by different investigators and found that the
postneonatal growth of preterm infants was lower than all six intrauterine growth
standards.'' No reports have shown that the postneonatal growth of preterm infants is

better than the intrauterine growth of fetus with the same conception age before term.
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Therefore, the partial correction for prematurity may have little implication in assessing
growth of preterm infants, although it may be useful in assessing other developmental
aspects.'?

Empirical evidence is provided on the differences in assessing growth status of
VLBW 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 difference became smaller 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 remained
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 different from Brandt’s 24
months of age for weight,” but consistent with Elliman’s findings for height.15

The differences in estimated prevalence of subnormal growth provide evidence of
clinical and public health 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, especially 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 also influence our understanding of growth
patterns of VLBW infants. Catch-up growth, which was measured by an increase in

1'% relative to the growth reference data, or by a decrease in the

average growth leve
prevalence of subnormal growth,' %4 was obvious in VLBW infants using
chronological age but not so obvious using adjusted age. Such findings are comparable to

Karniski et al’s results for premature infants with higher birthweight than the present

study sample.lo

5.4 DETERMINANTS OF POSTNEONATAL GROWTH IN VLBW INFANTS

5.4.1 Relations among potential factors

Infants growth is the result of a complex set of interrelated factors. Although the
comprehensive possible relations among the perinatal and social demographic factors
have not been explored, this study clearly indicates that some of the factors are associated
with each other.

Extensive literature suggests that investigators differentiate infants into SGA and
AGA groups when assessing growth and developmental outcomes.®! 3% 149151197202 e
present study sample only included infants with birthweight 1250 grams or less, and all
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 studied the association of intrauterine growth status and postneonatal
growth by comparing the growth of SGA with birth weight or gestational age matched
AGA infants.” Since the identification of SGA is based on a cut-off point of birth weight
given gestational age, there is still a wide range of birth weight within the group of SGA
or AGA infants. 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. Infants 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 intrauterinc growth status is provided by two variables:
birth weight and gestational age.

Miller and Hassanein®® described different patterns of body proportions in newborn
infants and interpreted these as different patterns of fetal growth. The finding of
symmetrically small 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 [UGR. Contrary to
the general belief in the literature, more severely growth-retarded newborns tend to be
more disproportionate than less severely affected neonates or those with normal fetal

growth. These findings concur with the results from Kramer et al.***'**™® [n the present
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study the body proportionality was also found to be associated with birth weight, birth
length and gestational age. Asymmetric infants appeared to be larger and more mature at
birth than symmetric infants.

The presence of BPD, a common clinical condition in VLBW infants, was found to
be associated with various perinatal factors. [nfants with BPD are smaller at birth with
shorter gestation and have more severe clinical conditions than those without BPD, which
agrees with previous studjes?™!!0-125:158:159 Although the details of the associations among
potential factors were not presented in this study, there is sufficient evidence from this
example 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 postneonatal growth

Three different modelling approaches were used to identify the factors associated
with postnecnatal growth. The factors associated with growth patterns were determined
using mixed effects models. Eight factors besides age were found to be associated with
the postneonatal growth of body length in VLBW infants when confounding factors were
taken into consideration. These factors are gender, birth weight, gestational age, mid-
parental h=ight, maternal age, and the presence of BPD, NEC and CP. Some factors, such
as the use of antenatal steroids, [UGR, maternal 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 the confounding effects of other factors were
accounted for.

Determinants of subnormal growth were assessed using logistical 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 maternal age.
Higher birth weight and higher mid-parental height are positively associated with
postneonatal growth outcomes. Longer gestational age and maternal age 20 years or

younger are negatively associated with postneonatal 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 from 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 findings
concerning the relationship of birth weight to growth confirm those of others.'"*'** Since

the confounding effects of some other factors are taken into account in the mixed effects
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models, the associations between birth weight and postneonatal growth are not
attributable to the confounding effects of 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 findings are consistent to those in previous studies.”*™ In Kitchen’s study, lower
birth weight predicted poor growth in weight.” Kelleher reported that infants with lower
birth weight were more likely 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 years of age with a logistic regression analysis. The present study extended the
previous studies by examining 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
born 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 assumed birthweights of
500, 750, 1000, and 1250 grams are presented in Figure 5-1. If the birth weight was 500
grams, the estimated average growth levels are lower than 10th percentile of the reference

data. If an infant has the same other characteristics with a birth weight 1250 grams, the
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growth levels are expected to be close to the median of the reference data. Compared with

the reference, the expected growth levels for the infant are improving during the infancy

for length.

From the bottom
10th, 50th , 90th
of NCHS/WHO
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Birth weight
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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 infants with birth weight less than 1251 grams,
the infants born at longer than 27 weeks of gestation in the study sample did not represent
infants with the same gestational age in the population. Infants born at over 27 weeks
gestational age may have birth weight higher 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,
gestational age was an indicator of intrauterine growth status rather than maturation of
newborns. For infants with the same birth weight, those with longer gestational age have
poorer intrauterine growth status. After birth weight and other factors were taken into
account, gestational age was negatively associated with growth levels of length and
weight. Findings from GEE approach indicate that infants with longer gestational age are
more likely to have subnormal growth in weight and length. The results from logistic
regression analysis suggest that the infants with longer gestational ages are at a higher
risk of being subnormal growth at 3 years age in both weight and length.

As found by others,**?? intrauterine growth status and body proportionality were
found to be associated with postneonatal growth in bivariate analyses. They did not
contribute further to postneonatal growth after 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 gestational 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 finding
suggests that including birth weight and gestational age in the model can provide more
information for predicting postneonatal growth than including an indicator of SGA or
AGA.

Classifying infants as symmetrically or asymmetrically growth retarded by using
ponderal index showed no additional predictive value for postneonatal growth given birth
weights and gestational ages. This is consistent with the statement by Kramer et al.”® who
suggest that disproportionality is a proxy for severe [UGR and carries little or no
additional risk. It is also consistent with the statement of Chart et al.” who believe that
there is a continuum of birth weight and body proportionality rather than a distinct
subgroup of asymmetrically growth-retarded infants. Peterson et al.% also report that
given birth weight and gestational age of a newbomn, body proportionality does not
contribute further 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 estimated and presented in Figure 5-2. If she had shorter

gestational age, she would have had higher growth levels.
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Figure 5-2 Gestational age and predicted length and weight for a hypothetical infant

5.4.2.3 Mid-parental height

Mid-parental height was found to be positively associated with postneonatal growth

rate in VLBW infants in the present study. The infants of taller parents grow faster than
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those of shorter parents so the difference between infants of taller and shorter parents
increases with age. The same patterns of relationship exists after adjusting the potential
confounding effects of birth weight, gestational age and other factors. The results of
logistic regression suggest that shorter parental height predicted subnormal growth in
both weight and length at three 3 years adjusted age. The findings from the generalized
linear model for dependent data (GEE approach) suggest that the association between
mid-parental height and subnormal weight becomes stronger as infants grow.

Although several parent-height-specific growth references have been developed for

80.10t 1, studies have been found to

children in the general population in the literature,
describe the detailed association between mid-parental height and growth in VLBW
infants like the present study. However, a positive association between mid-parental
height and growth levels at a certain point in age was found in previous studies, 1247
which supports the findings of the present study. Kitchen et al? reported that lower
maternal 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 group.46 In these previous studies in the literature, the association of parental
height and postneonaial growth was analyzed 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 postneonatal growth were
explored using statistical techniques for longitudinal data in the present study. To express
how mid-parental height is associated with postneonatal growth, the predicted growth
patterns of the above hypothetical infant with different mid-parental heights are presented
in Figure 5-3. If her parents were taller, she would have a higher growth level and would

grow faster in both length and weight.



-------- From the bottom:
10th, 50th , 90th

of NCHS/WHO
reference

lg

——Mid parental height
From the Bottom:
160 cm
170 cm
180 cm

I
Y
L]
L]
N
R
L
%Y
®1

Adjusted age (months)

Figure 5-3 Predicted length and mid-parental height for a hypothetical infant
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5.4.2.4 Clinical conditions

Several clinical conditions were found to be associated with postneonatal growth in
VLBW 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

0 110 .
20.110.160 gy1ve et al.''? examined the

with most of the previous studies in the literature.
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 literature 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. All of these factors were found to be associated with the postneonatal growth. It was

also found in this study that when confounding effects of known correlates of

postneonatal growth were taken into consideration in the models, the differences 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 postneonatal
growth. Infants with BPD were 0.43 kg lighter and 1.13 cm shorter than infants without
BPD when only BPD, age and gender were in the mixed effects models. After
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'*”"**? in which the differences in growth outcome
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 significant 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 confounding variable, which is a
proxy of severity of BPD. The true association between BPD and postneonatal growth
could 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 expenditure.'s S The poorer growth

in infants with BPD can not be explained by the associations between the presence of
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BPD and lower 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 find the statistically significant
association between CP and poor growth in weight in this study may be attributabie to the
infrequency of CP in the study sample. The presence of NEC requires that nutrition
management be restricted to parenteral nutrition for bowel rest.'® NEC and CP may limit
the ability of VLBW infants to intake and absorb nutrients. From the generalized linear
madel for dependent data, NEC was significantly associated with subnormal fength in early
months but not in later months of life.

Figure 5-4 shows the predicted growth patterns of the above hypothetical infant with
and without BPD. She is expected to have a slightly lower level in both length and weight if

she had BPD.
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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 maternal age was found to
be associated with postneonatal growth. Infants of mothers 20 years old or younger grow
poorer than infants of mothers older than 20 years of age. Maternal education was found
to be associated with the postneonatal growth in length without corsidering confounding
effects of other factors, but no independent association was found between maternal
education and postneonatal growth after considering the confounding effects of other
factors. The socioeconomic status was not found to be associated with postneonatal
growth in VLBW infants. A few studies were found to investigate the relationships
between social demographic factors and postneonatal growth in VLBW infants. Contrary
to the present study, Qvigstad et al.' reported that parental level of education was
associated with growth outcomes, 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 smdy49and Bozynski et al.’s study.l59 It is possible that the
sociodemographic factors have different impacts on the growth of VLBW infants in
different social environments. For this study population, SES and maternal education may

not be important for predicting postneonatal growth.
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Figure 5-5 Maternal age and predicted length and weight for a hypothetical infant

Figure 5-5 shows the predicted growth patterns of the above hypothetical infant with

different maternal ages. The infant would be shorter and grow slower if her mother were
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younger than 21 years old. Matemal age here may capture the information of other
biological 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. Biologically, mothers of different ages are at different intrinsic maturity
stages. Mothers of different ages may also have different 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
infancy.“""“ Although the differences 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 different references.

5.42.7 Antenatal steroid therapy

Infants in whom antenatal steroids were administered were longer and heavier than

infants without the use of antenatal steroids. The findings of the present study are

161,162,173

consistent with those of previous reports. However, the use of antenatal steroids

did not contribute significantly to the postneonatal growth in VLBW infants while



176
considering the confounding effects of other factors in the models. It suggests that the
improvement effect of antenatal steroids on growth may be indirect.

It has been found that antenatal steroid treatment significantly reduces neonatal

mortality and morbidity. 166,167

It is reasonable to suspect that the antenatal steroid therapy
improves postneonatal 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 antenatal steroid therapy were found to have
significantly higher birth weight than infants without antenatal therapy. The use of
antenatal steroids was found to be associated with maternal age. The mothers who were
younger than 21 year old are less likely to receive antenatal steroids than the mothers who
were older than 20 years. Infants who received antenatal steroid therapy had a
significantly lower prevalence of BPD than those without the use of antenatal steroids.

It may suggest that the positive effects of antenatal steroid therapy on postneonatal
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 growth

status of VLBW infants is improved.

5.4.3 Summary of determinants

Birth weight, gestational age, mid-parental height, gender, maternal age and the
presence of BPD, CP and NEC were significantly associated with the postneonatal

growth in length. Birth weight, gestational, age, mid-parental height, gender, maternal
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age and the presence of BPD and NEC were significantly associated with the
postneonatal growth in weight. Birth weight, mid-parental height, gender and matemal
age were related to the growth rate in length while gestational age, BPD, CP and NEC
were only related with growth levels. Socioeconomic factors are not important in
predicting postneonatal growth in our population of VLBW infants.

Birth weight, gestational age, mid-parental height, maternal age and BPD predict
subnormal growth in length while birth weight, gestational age, mid-parental height,
maternal age, and NEC predict subnormal 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 Z-scores provide the general information on the growth patterns and
associations between factors and postneonatal growth. The modelling procedures provide
detailed information on the associations. Three modelling procedures were used in this
study. Findings from different approaches are consistent though each has its own
emphasis on a specific aspect of growth. Logistic regression was used to identify factors
influencing subnormal growth at 3 years of age. Only longitudinal growth data obtained
at one point in time 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 longitudinal data.

In the GEE approach, the factors associated with subnormal growth during infancy
were determined. The changes of the associations were explored in this analysis. The
information on the changes of the associations cannot be obtained using logistic
regressions.

In mixed effects models, the growth measurements are taken as continuous variables.
The detailed association between factors and growth level can be obtained. Since the
continuous variable of growth measurements are not categorized 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 modelling approaches in analyzing longitudinal growth data.

5.5 LIMITATIONS OF THE STUDY AND IMPROVEMENT IN FUTURE STUDIES

5.5.1 Representativeness of the study sample

The study sample was generated from a neonatal follow-up program which includes
only infants from Southern Alberta and Southeast British Columbia. The findings may
not be generalizable to infants in other geographic areas. This could be improved by

selecting a random sample from newborns or at best all the newborns with birth weight
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1250 grams or less from a variety of geographic areas, and maintaining a high follow-up

rate in future studies.

5.5.2 Wide intervals between measurements

Since the growth rate decelarates during infancy, especially in the early months of
age, detailed growth patterns cannot be obtained with measurements taken in wide
intervals. Infants were measured at four month intervals in the first year of life in this
study. Ideally, growth data should be obtained by serial examinations at 1-month
intervals in the first year.‘2 However, this may be impractical in large sample studies like

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 maternal prenatal care, severity of illness,
pregnancy exposure to tobacco, alcohol and drugs, and feeding problems during infancy.

[t 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 their

growth levels remained substantially lower than the reference data by the end of
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observation. Infants were only observed up to 3 years adjusted age in the present study.
Whether VLBW infants will catch up to normal term infants and when this catch up will

occur need to be answered 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 intervals
of predicted 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 Z-score and percentile of an individual’s measurement
can 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 value)x100%
However, the distribution of population residuals is helpful to assess the relative position

of an observed measurement to the predicted values.

5.5.6 Lack of normal term control group

In this study, the growth patterns 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 VLBW infants are different from those of normal term infants

from the same geographic area.
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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 specific aspect of growth in VLBW infants.
Those measurements were collected in all infants in the follow-up program but were not
included in this study. Further studies should be conducted to describe the patterns and

determinants of growth for different dimensions in VLBW infants.
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CHAPTER SIX: IMPLICATIONS

Findings in the present study have implications in several areas: 1) growth
assessments and growth predictions at clinical or community settings; 2) prevention of
poor long term growth in VLBW infants; 3)recommendations for future studies; and 4)

analysis of longitudinal growth data. Each will be discussed below.

6.1 GROWTH ASSESSMENT AND PREDICTIONS

The growth patterns described in this study are helpful to health professionals in
understanding the growth process of VLBW infants. Findings on the differences in
growth outcomes when different references are applied to the same population warns
health professionals that the growth references that they are using may influence the
observed growth outcomes of VLBW infants.

The growth 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
individual infants. The growth models developed in this study have potential to be a
useful tool for health professionals to assess and predict the growth of an individual or a

group of VLBW infants.
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6.1.1 Individual growth assessment

The predicted growth levels of an infant with particular characteristics can 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 free from 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 infants at higher risk of poor growth can be identified.

Since there are numerous combinaticns 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 computer program based on the growth models described in
this study. This program is easy for dietitians and other health professionals to use in the
clinical settings. If we know an infant’s perinatal and parental characteristics, we can
predict the growth levels of weight and length at any time 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 can obtain the relative position in growth measurements of a particular infant among
those with similar “characteristics.” This information is important for counseling parents

regarding the growth status of the infant.
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When we have multiple growth measurements for an individual infant, we are able to
observe how the relative 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 can be accurately assessed, which is important for assessing
the effects of an intervention on an infant’s growth. This is an advantage of using the
growth models over using growth reference data from normal term infants. Since infants
with different characteristics follow different growth patterns, the characteristic specific

growth curves provide appropriate references for comparison.

An example of comparing observed and predicted growth using the computer program:
An infant is selected from 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) Maternal age = 33 years; 6) BPD=yes; 7) CP=no; and 8)
NEC=no. After entering the values of these predictive variables into the program, we can
obtain the predicted growth levels of weight and length at any time between 4 and 36
months adjusted age. Table 6-1 shows the predicted and observed growth measurements
at several ages when the observations are available. In this computer program, the relative
position of an observed value to the predicted value was expressed in three ways: 1) the
absolute difference between observed and predicted values; 2) the ratio of observed over
predicted values: and 3) the difference between observed and predicted values in standard

deviations (Z-score).
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Table 6-1 Growth assessment: an example of predicted growth levels

Adj. Age(mo.) Observed (O) Predicted(P) O-P (O/P)% Z-score
Weight, kg
5 59 592 -0.02  99.67 -0.02
8 7.1 7.03 0.07 100.98 0.08
13 8.2 8.39 -0.19 97.69 -0.20
18 9.3 9.49 -0.19 9796 -0.18
Length, cm
5 60.5 61.61 -1.11  98.19 -0.45
8 65.5 66.74 -1.24  98.15 -0.49
13 71.0 73.22 222 96.97 -0.85
18 75.5 78.33 -2.83  96.36 -1.03

The weight growth for this infant is very close to the average growth level of infants with

similar characteristics. 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 which the growth assessment is made.

Since this infant suffered from BPD which has negative impacts on growth, the

above predicted values are not the “target” growth levels for this infant. Efforts should be

made to treat infants with BPD in order to improve their growth status. Therefore, our

“target” growth levels for this infant should be the growth levels assuming she is free

from BPD. In the computer program, these predicted growth values are labeled as
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“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 assessment: an example of expected growth levels
Adj. Age(mo.) Observed (O) Expected(E) O-E (O/E)% Z-score

Weight, kg
5 59 6.17 -0.27 95.60 -0.33
8 7.1 7.28 -0.18 9749 -0.21
13 8.2 8.65 -045 94.84 -0.45
18 93 9.75 -045 9542 -0.41
Length, cm
5 60.5 62.15 -1.65 97.35 -0.67
8 65.5 67.27 -1.77 9737 -0.70
13 710 73.75 275  96.27 -1.05
18 75.5 78.86 -3.36 95.74 -1.23

6.1.2 Assessment of a nutritional intervention at a population level

When 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 results could 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 helpful for controlling confounding effects. When there are no

control groups, the predicted values from 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 born. Efforts to prevent low birth weight births, teenage pregnancies,
and adverse clinical conditions such as BPD, NEC and CP have important implications in
preventing poor growth in VLBW infants. Infants 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 “secondary” growth and health problems for consideration of early

interventions when appropriate.

6.3 RECOMMENDATIONS FOR FURTHER STUDIES

e Growth models described in this study are recommended for future studies in
assessing the effects of nutritional and clinical interventions on postneonatal growth
in VLBW infants. The development of a user friendly computer program which can
generate the predicted and expected growth curves graphically is worthwhile for both
clinical and research purposes.

o The growth models developed in this study have been used to predict weights and
lengths of 158 VLBW infants from another geographic area, Northern Alberta (the
data were provided by Dr. C. Robertson). The preliminary analysis shows that the
predictions are satisfactory (results are not presented in this study). The growth

models are recommended for growth prediction and assessment in the province of
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Alberta, Canada. Whether these models are appropriate for VLBW infants from other
provinces in Canada or other countries needs to be verified in the future studies.

[n this study, intrauterine growth retardation was not found to be associated with
postneonatal growth in VLBW infants. It has been commonly believed to be an
influencing factor of growth.“ Findings in this study 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.

Maternal age was found to be associated with postneonatal growth in the present
study. Maternal age is a marker of biological, socioeconomic and environmental
factors. Further studies are required to identify the true factors creating differences in
postneonatal growth between infants of younger and older mothers.

The findings in this study suggested that age adjustment for prematurity makes
substantial differences in identifying subnormal growth in VLBW infants. It is
recommended that the adjustment should be carried out throughout the first three
years of life in assessing growth in VLBW infants.

The interpretations of growth in VLBW infants vary substantially depending on
which reference is used. When comparing growth status of two populations from

different studies, there should be a common reference for both populations.
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6.4 ANALYSIS OF LONGITUDINAL DATA

6.4.1 Longitudinal data from perinatal follow-up programs

This study also showed the importance of the longitudinal data from Alberta
Children’s Hospital Perinatal Follow Up Program in assessing the outcomes of VLBW
infants. Since the extensive information has been collected 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 collect data.

6.4.2 Modelling procedures for longitudinal data

This is the first study to describe the associations between influencing factors and
growth in VLBW infants with the use of mixed effects models and GEE approaches. It
has been shown that mixed effects models and GEE approaches are very powerful
statistical techniques that can be used to analyze 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 useful tools for

studying other developmental processes.
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CHAPTER SEVEN: CONCLUSIONS

The general growth patterns for VLBW infants are different from the current growth
references for normal term infants. VLBW infants are heterogeneous. Infants with
different characteristics follow different growth patterns.

The observed growth outcomes are influenced by the growth references currently in
use. For weight, VLBW infants show a trend of catch-up growth during infancy using
the Canadian growth reference, but do not show such a trend in the first year of life
using the NCHS/WHO. For length, a trend of catch-up growth was found using either
reference.

Age adjustment for prematurity makes substantial difference in assessing growth in
VLBW infants. Such adjustment should be carried out throughout infancy.

Various factors are associated with postneonatal growth in VLBW 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 maternal age, and longer gestational age given birth weight. Except for the
presence of CP that is not significantly associated with body weight, all 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 postneonatal growth described in this
study allow accurate predictions and assessments of postneonatal growth in VLBW
infants.
The modelling procedures, the mixed effects models and the generalized estimating
equation approach, provide more information than conventional methods in analyzing

longitudinal growth data.



10.

192

REFERENCES

Qvigstad, E., Verloove-Vanhorick, S.P., Ens-Dokkum, M.H., et al. Prediction of
height achievement at five years of age in children born very preterm or with very low
birth weight: continuation of catch-up growth after two years of age. Acta Paediatr
1993, 82: 444-448.

Kitchen, W.H., Doyle, L.W., Ford, G.W. & Callanan, C. Very low birth weight and
growth to age 8 years. [: Weight and height. Am J Dis Child 1992, 146: 40-45.

Kitchen, W.H., Ford, G.W. & Doyle, L.W. Growth and very low birth weight. Arch
Dis Child 1989, 64: 379-382.

Kimble, K.J., Aragno, R.L., Stevenson, D.K. & Sunshine, P. Growth to age 3 years
among very low-birth-weight sequelae-free survivors of modern neonatal intensive
care. J Pediatr 1982, 100: 622-624.

Ross, G., Lipper, E.G. & Auld, P.A. Physical growth and developmental outcome in
very low birth weight premature infants at 3 years of age. J Pediatr 1985, 107: 284-
286.

Ross, G., Lipper, E.G. & Auld, P.A. Growth achievement of very low birth weight
premature children at school age. J Pediatr 1990, 117: 307-309.

Casey, P.H., Kraemer, H.C., Bembaum, J., Yogman, M.W. & Sells, J.C. Growth
status and growth rates of a varied sample of low birth weight, preterm infants: a
longitudinal cohort from birth to three years of age. J Pediatr 1991, 119: 599-605.

Hack, M., Merkatz, [.R., McGrath, S.K., Jones, P.K. & Fanaroff, A.A. Catch-up
growth in very-low-birth-weight infants. Clinical correlates. Am J Dis Child 1984,
138: 370-375.

Sell, E.J. Outcome of very low birth weight infants. Clinics in Perinatology 1986, 13:
451-459.

Karniski, W., Blair, C. & Vitucci, J.S. The illusion of catch-up growth in premature
infants. Use of the growth index and 2ge correction. Am J Dis Child 1987, 141: 520-
526.



Il

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

193

Brandt, I. Growth Dynamics of Low-Birth-Weight Infants with Emphasis on the
Perinatal Period. In: Falkner, F. & Tanner, J.M.(eds) Human Growth: A
Comprehensive Treatise. 2nd edition. Plenum Press, New York, 1986, pp 415-475.

Guo, S.M., Roche, A.F. & Yeung, D.L. Monthly growth status from a longitudinal
study of Canadian infants. Can J Public Health 1990, 81: 215-221.

Roche, A.F., Guo, S. & Moore, W.M. Weight and recumbent length from 1 to 12 mo
of age: reference data for 1-mo increments. Am J Clin Nutr 1989, 49: 599-607.

Sheard, N.F. Growth patterns in the first year of life: what is the norm? Nutrition
Reviews 1993, 51: 52-54.

Elliman, A M., Bryan, E.M., Elliman, A.D. & Harvey, D.R. Gestational age
correction for height in preterm children to seven years of age. Acta Paediatr 1992,
81: 836-839.

Keen, D.V. & Pearse, R.G. Birthweight between 14 and 42 weeks' gestation. Arch Dis
Child 1985, 60: 440-446.

Kitchen, W.H., Doyle, L.W., Ford, G.W., Callanan, C., Rickards, A.L. & Kelly, E.
Very low birth weight and growth to age 8 years. [I: Head dimensions and
intelligence. Am J Dis Child 1992, 146: 46-50.

Rickards, A.L., Ford, G.W_, Kitchen, W.H., Doyle, L.W., Lissenden, J.V. & Keith,
C.G. Extremely-low-birthweight infants: neurological, psychological, growth and
health status beyond five years of age. Med J Aust 1987, 147: 476-481.

Kitchen, W.H., McDougall, A.B. & Naylor, F.D. A longitudinal study of very low-
birthweight infants. [1I: Distance growth at eight years of age. Dev Med Child Neurol
1980, 22: 163-171.

Meisels, S.J., Plunkett, J.W., Roloff, D.W., Pasick, P.L. & Stiefel, G.S. Growth and
development of preterm infants with respiratory distress syndrome and
bronchopulmonary dysplasia. Pediatrics 1986, 77: 345-352.

Ariagno, R.L., Fulroth, R., Baldwin, R.B. & Glotzbach, S.F. Incidence of
bronchopulmonary dysplasia, growth failure, and pulmonary dysfunction assessed by
clinical scoring. J Perinatol 1991, 11: 311-314.

Vohr, B.R. & Oh, W. Growth and development in preterm infants smail for
gestational age. J Pediatr 1983, 103: 941-945,



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

194

Sung, LK., Vohr, B. & Oh, W. Growth and neurodevelopmental outcome of very low
birth weight infants with intrauterine growth retardation: comparison with control
subjects matched by birth weight and gestational age. J Pediatr 1993, 123: 618-624.

Feldman, H.A. Families of lines: Random effects in linear regression analysis.
Journal of Applied Physiology 1988, 64: 1721-1732.

Zeger, S.L. & Liang, K. An overview of methods for the analysis of longitudinal data.
Stat Med 1992, 11: 1825-1839.

Laird, N.M. & Ware, J.H. Random-effects models for longitudinal data. Biometrics
1982, 38: 963-974.

Lindstrom, M.J. & Bates, D.M. Nonlinear mixed effects models for repeated
measures data. Biometrics 1990, 46: 673-687.

Lindstrom, M.J. & Bates, D.M. Mewton-Raphson and EM algorithms for linear
mixed effects models for repeated-measures data. Journal of the American Statistical
Association 1988, 83: 1014-1022.

Pinheiro, J.C. & Bates, D.M. Mixed Effects Models and Classes for S and Splus
Version 1.2. 1995. (UnPub)

Liang, K. & Zeger, S.L. Longitudinal data analysis using generalized linear models.
Biometrika 1986, 73: 13-22.

Shiono, P.H. & Behrman, R.E. Low birth weight: Analysis and recommendations.
The Future of Children 1995, 5: 1-17.

Kramer, M.S. Determinants of low birth weight: methodological assessment and
meta-analysis. Bulletin of the World Health Organization 1987, 65: 663-737.

Wen, S.W., Goldenberg, R.L., Cutter, G.R., Hoffman, H.J. & Cliver, S.P. [ntrauterine
growth retardation and preterm delivery: prenatal risk factors in an indigent
population. Am J Obstet Gynecol 1990, 162: 213-218.

Abrams, B. & Newman, V. Small-for-gestational-age birth: maternal predictors and
comparison with risk factors of spontaneous preterm delivery in the same cohort. Am
J Obstet Gynecol 1991, 164: 785-790.



35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

195

Barros, F.C., Huttly, S.R., Victora, C.G., Kirkwood, B.R. & Vaughan, J.P.
Comparison of the causes and consequences of prematurity and intrauterine growth
retardation: a longitudinal study in southern Brazil. Pediatrics 1992, 90: 238-244.

Hack, M. & Fanaroff, A.A. Growth patterns in the ICN graduate. In: Ballard,
R.A (ed) Pediatric care of the INC graduate. W. B. Saunders Company, Philadelphia,
1988, pp 33-39.

McCormick, M.C. The contribution of low birth weight to infant mortality and
childhood morbidity. New Engiland journal of medicine 1985, 312: 82-90.

Pena, I.C., Teberg, A.J. & Finello, K.M. The premature small-for-gestational-age
infant during the first year of life: comparison by birth weight and gestational age. J
Pediatr 1988, 113: 1066-1073.

Teberg, A.L, Walther, F.J. & Pena, I.C. Mortality, morbidity, and outcome of the
small-for-gestational age infant. Seminars in perinatology 1988, 12: 84-94.

Sauve, R.S. & Geggie, J.H. Growth and dietary status of preterm and term infants
during the first two years of life. Can J Public Heaith 1991, 82: 95-100.

Kramer, M.S,, Olivier, M., McLean, F.H., Dougherty, G.E., Willis, D.M. & Usher,
R.H. Determinants of fetal growth and body proportionality. Pediatrics 1990, 86: 18-
26.

Villar, J., Smerigio, V., Martorell, R., Brown, C.K. & Klein, R.E. Heterogeneous
growth and mental development of intrauterine growth retarded infants during the
first 2 years of life. Pediatrics 1984, 74: 783-791.

Emnst, J.A., Buil, M.J., Rickard, K.A., Brady, M.S. & Lemons, J.A. Growth outcome
and feeding practices of the very low birth weight infant (less than 1500 grams)
within the first year of life. J Pediatr 1990, 117: S156-S166.

. Yau, K.I. & Chang, M.H. Growth and body composition of preterm, small-for-

gestational-age infants at a postmenstrual age of 37-40 weeks. Early Hum Dev 1993,
33:117-131.

Lubchenco, L.O., Hansman, C., Dressler, M. & Boyd, E. Intrauterine growth as
estimated from liveborn birth weight data at 24 to 42 weeks of gestation. Pediatrics
1963, 32: 793-800.



46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

196

Albertsson-Wikland, K. & Karlberg, J. Natural growth in children born small for
gestational age with and without catch-up growth. Acta Paediatrica Supplement 1994,
399: 64-70.

Albertsson Wikland, K., Wennergren, G., Wennergren, M., Vilbergsson, G. &
Rosberg, S. Longitudinal follow-up of growth in children born small for gestational
age. Acta Paediatr 1993, 82: 438-443.

Stjernqvist, K. & Svenningsen, N.W. Extremely low-birth-weight infants less than
901 g. Growth and development after one year of life. Acta Paediatr 1993, 82: 40-44.

Fitzhardinge, P.M. & Inwood, S. Long-term growth in small-for-date children. Acta
Paediatr Scand Suppl 1989, 349: 27-33.

Fitzhardinge, P.M. & Steven, E.M. The small-for-date infant. I. Later growth patterns.
Pediatrics 1972, 49: 671-681.

Usher, R. & MeLean, F. Intrauterine growth of live born Caucasian infants born
between 25 and 44 weeks of gestation. J Pediatr 1969, 74: 901-910.

Ford, G., Rickards, A., Kitchen, W.H., Ryan, M.M. & Lissenden, J.V. Relationship of
growth and psychoneurologic status of 2-year-old children of birthweight 500-999 g.
Early Hum Dev 1986, 13: 329-337.

Kramer, M.S., McLean, F.H., Olivier, M., Willis, D.M. & Usher, R.H. Body
proportionality and head and length 'sparing’ in growth-retarded neonates: a critical
reappraisal. Pediatrics 1989, 84: 717-723.

Lubchenco, L.O., Hansman, C. & Boyd, E. Intrauterine growth in length and head
circumference as estimated from live births at gestational ages from 26 to 42 weeks.
Pediatrics 1966, 37: 403-408.

Babson, S.G., Behrman, R.E. & Lessel, R. Fetal growth. Liveborn birth weights for
gestational age of white middle class infants. Pediatrics 1970, 45: 937-943.

David, R.J. Population-based intrauterine growth curves from computerized birth
certificates. Southern Medical Journal 1983, 76: 1401-1406.

Williams, R.L., Creasy, R.K., Cunningham, G.C., Hawes, W.E., Norris, F.D. &
Tashiro, M. Fetal growth and perinatal viability in California. Obstetrics and
gynecology 1982, §9: 624-632.



38.

59.

60.

61.

63.

64.

65.

66.

67.

68.

69.

197

Kloosterman, G.L. On intrauterine growth, the significance of prenatal care.
International Journal of Gynaecology & Obstetrics 1996, 8: 895-912.

Arbuckle, T.E., Wilkins, R. & Sherman, G.J. Birth weight percentiles by gestational
age in Canada. Obstetrics and gynecology 1993, 81: 39-48.

Arbuckle, T.E. & Sherman, G.J. An analysis of birth weight by gestational age in
Canada. Can Med Assoc J 1989, 140: 157-60, 165.

World Health Organization. Physical Status: the use and interpretation of
Anthropometry. World Health Organization, Geneva, 1995.

. Robertson, C., Svenson, L.W. and Kyle J.M. Province-based study of newborns with

low birth weight for gestational age: 1985 through 1995. Third Annual Child Health
Research Symposium, Alberta Children’s Hospital, Calgary, Canada 1997.

Tenovuo, A., Kero, P., Piekkala, P., Korvenranta, H., Sillanpaa, M. & Erkkola, R.
Growth of 519 small for gestational age infants during the first two years of life. Acta
Paediatr Scand 1987, 76: 636-646.

Rosso, P. & Winick, M. Intrauterine growth retardation. A new systematic approach
based on the clinical and biochemical characteristics of this condition. J Perinat Med
1974, 2: 147-160.

Villar, J. & Belizan, .M. The timing factor in the pathophysiology of the intrauterine
growth retardation syndrome. Obstetrical and gynecological survey 1982, 37: 499-
506.

Ott, W.J. Saml! for gestational age fetus and neonatal outcome: reevaluation of the
relationship. American Journal of Perinatology 1995, 12: 396-400.

Walther, F.J. & Ramaekers, L.H.J. The ponderal index as a measure of the nutritional
status at birth and its relation to some aspects of morbidity. J Perinat Med 1982, 10:
42-47.

Yau, K.I. & Chang, M.H. Weight to length ratio--a good parameter for determining
nutritional status in preterm and full-term newborns. Acta Paediatr 1993, 82: 427-
429.

Walther, F.J. Growth and development of term disproportionate small-for-gestational
age infants at the age of 7 years. Early Hum Dev 1988, 18: 1-11.



70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

198

Lin, C.C,, Su, S.J. & River, L.P. Comparison of associated high-risk factors and
perinatal outcome between symmetric and asymmetric fetal intrauterine growth
retardation. Am J Obstet Gynecol 1991, 164: 1535-41.

Martikainen, M.A. Effects of intrauterine growth retardation and its subtypes on the
development of the preterm infant. Early Hum Dev 1992, 28: 7-17.

Balcazar, H. & Haas, J. Classification schemes for small-for-gestational age and type
of intrauterine growth retardation and its implications to early neonatal mortality.
Early Hum Dev 1990, 24: 219-230.

Cuttini, M. Proportionality of small for gestational age babies as a predictor of
neonatal mortality and morbidity. Paediatr Perinat Epidemiol 1991, 5: 56-63.

Hoffman, H.J. & Bakketeig, L.S. Heterogeneity of intrauterine growth retardation and
recurrence risks. Seminars in perinatology 1984, 1984: 15-24,

Haas, J., Balcazar, H. & Caulfield, L. Variation in early neoratal mortality for
different types of fetal growth retardation. American Journal of Physical
Anthropology 1987, 73: 467-473.

Chard, T., Yoong, A. & Macintosh, M. The myth of fetal growth retardation at term.
Br J Obstet Gynaecol 1993, 100: 1076-1081.

Davies, D.P., Platts, P., Pritchard, J.M. & Wilkinson, P.W. Nutritional status of light-
for-date infants at birth and its influence on early postnatal growth. Arch Dis Child
1979, 54: 703-706.

Kramer, M.S., Olivier, M., McLean, F.H., Willis, D.M. & Usher, R.H. Impact of
intrauterine growth retardation and body proportionality on fetal and neonatal
outcome. Pediatrics 1990, 86: 707-713.

Vaughan, V.C. & Mckay, R.J. Nelson Textbook of Pediatrics. 10th edition. Saunder,
Philadelphia, 1975.

Tanner, J.M., Goldstein, H. & Whitehouse, R.H. Standards for children’s heights as
ages 2-9 years allowing for height of parents. Arch Dis Child 1970, 46: 755-762.

Tanner, J.M., Whitehouse, R.H. & Takaishi, M. Standards from birth to maturity for
height, weight, height velocity, and weight velocity: British children, 1965 parts I.
Arch Dis Child 1966, 41: 454-471.



82.

83.

84.

8s.

86.

87.

88.

89.

90.

91.

92.

199

Tanner, .M., Whitehouse, R.H. & Takaishi, M. Standards from birth to maturity for
height, weight, height velocity, and weight velocity British children, 1965 Part II.
Arch Dis Child 1966, 41: 613-635.

Tanner, J.M., Goldstein, H. & Whitehouse, R.H. Standards for children's heights at
ages 2-9 years allowing for height of parents. Arch Dis Child 1970, 45: 755-762.

[tabashi, K., Takeuchi, T., Hayashi, T., Okuyama, K., Kuriya, N. & Otani, Y.
Postnatal reference growth curves for very low birth weight infants. Early Hum Dev
1994, 37: 151-160.

Hamill, P.V.V., Drizd, T.A., Johnson, C.L., Reed, T.B. & Roche, A.F. NCHS Growth
Curves for Chiidren Birth-18 Years. US Department of Health, Education and
Welfare Publication No. (PHS) 78-1650, Washington,DC, 1977,

Tanner, J.M. Standard for normal growth. In: Tanner, J.M.(ed) Foetus into Man:
Physical growth from conception to maturity. 2nd edition. Castlemead Publications,
Ware, 1989, pp 178-221.

World Health Organization. 4 Growth Chart for International Use in Maternal and
Child Health Care. World Health Organization, Geneva, 1978.

Wright, C.M., Watersto, A. & Aynsiey-Green, A. Comparison of the use of Tanner
and Whitehouse, NCHS, and Cambridge standards in infancy. Arch Dis Child 1993,
69: 420-422.

Cooney, K., Pathak, U. & Watson, A. Infant growth charts. Arch Dis Child 1994, 71:
159-160.

Dewey, K.G., Heinig, M.J., Nommsen, L.A., Peerson, J. M. & Lonnerdal, B. Growth
of breast-fed and formula-fed infants from 0 to 18 months: the DARLING Study.
Pediatrics 1992, 89: 1035-1041.

Dewey, K.G., Peerson, J.M., Brown, K.H., et al. Growth of breast-fed infants deviates
from current references data: a pooled analysis of US, Canadian, and European data
sets. Pediatrics 1995, 96: 495-503.

WHO Working Group. Use and interpretation of anthropometric indicators of
nutritional status. Bulletin of the World Health Organization 1986, 64: 929-941.



200

93. Lavoi-Pierre, G.J., Keller, W., Dixon, H., Dustin, J.P. & ten Dam, G. Measuring
change in nutritional status. Guidelines for assessing the nutritional impact of
supplementary feeding programs for vuinerable groups. WHO, Geneva, 1983.

94. Hamill, P.V.V., Drizd, T.A., Johnson, C.L. & et al. Physical growth: National Center
for Health statistics percentiles. Am J Clin Nutr 1979, 32: 607-29.

95. Dibley, M.J., Goldsby, J.B., Staehling, N.W. & Trowbridge, F.L. Development of
normalized curves for the international growth reference: historical and technical
considerations. Am J Clin Nutr 1987, 46: 736-748.

96. Dibley, M.]., Staehling, N., Neiburg, P. & Trowbridge, F.L. Interpretation of Z-score
anthropometric indicators derived from the international growth reference. Am J Clin
Nutr 1987, 46: 749-762.

97. World Health Organization. An evaluation of infant growth - a summary of analyses
performed in preparation for the WHO Expert Committee on Physical Status: the use
and interpretation of anthropometry. 1994, (UnPub)

98. Yeung, D.L. Infant Nutrition. A study of feeding practices and growth from birth to
18 months. Can Publ Health Assoc, Ottawa, 1983,

99. Babson, S.G. & Benda, G.I. Growth graphs for the clinical assessment of infants of
varying gestational age. J Pediatr 1976, 89: 817-820.

100.Casey, P.H., Kraemer, H.C., Bembaum, J., et al. Growth patterns of low birth weight
preterm infants: a longitudinal analysis of a large, varied sample. J Pediatr 1990,
117: 298-307.

101.Himes, J.H., Roche, A F., Thissen, D. & Moore, W.M. Parent-specific adjustments
for evaluation of recumbent length and stature of children. Pediatrics 1985, 75: 304-
313.

102. Wingerd, J., Solomon, L.l. & Schoen, E.J. Parent-specific standards for preadolescent
children of three racial groups, with a method for rapid determination. Pediatrics
1973, 52: 555-566.

103.Witt, D.R., Keena, B.A., Hall, J.G. & Allanson, J.E. Growth curves for height in
Noonan syndrome. Clin Genet 1986, 30: 150-153.

104.Ranke, M.B. Disease-specific growth charts - Do we need them? Acta Paediatr
Scand Suppl 1989, 356: 17-25.



201

105.Morris, C.A., Demsey, S.A., Leonard, C.O., Dilts, C. & Blackburn, B.L. Natural
history of Williams syndrome: physical characteristics. J Pediatr 1988, 113: 318-
326.

106.Griffiths, R.D. & Edwards, R.H.T. A new chart for weight control in Duchenne
muscular dystrophy. Arch Dis Child 1988, 63: 1256-1258.

107.Sauve, R.S,, Fick, G.H., Guyn, L. & Zhang, Z. A longitudinal growth model for
preterm infants. Abstr Pediatric Research 1991, 29: 264A.

108.Gorstein, J. Issues in the assessment of nutritional status using anthropometry.
Bulletin of the World Health Organization 1994, 72: 273-284.

109.Yu, V.Y .H., Tanlapaz, M.L., Tobin, J., Carse, E.A., Cahrlton, M.P. & Gore, J.R.
Improving health status in extremely low birthweight children between two and five
years. Early Hum Dev 1992, 30: 229-239.

110.Sauve, R.S. & Singhal, N. Long-term morbidity of infants with bronchopulmonary
dysplasia. Pediatrics 1985, 76: 725-733.

111.Yu, V.Y H,, Orgill, A A, Lim, S.B., Bajuk, B. & Astbury, J. Growth and
development of very low birth weight infants recovering from bronchopulmonary
dysplasia. Arch Dis Child 1983, 58: 791-794.

112.Binkin, N.J., Yip, R., Fleshood, L. & Trowbridge, F.L. Birth weight and childhood
growth. Pediatrics 1988, 82: 828-834.

113.Babson, S.G. Growth of low-birth-weight infants. J Pediatr 1970, 77: 11-18.

114.Shaw, J.C. Growth and nutrition of the very preterm infant. Br Med Buil 1988, 44:
984-1009.

115.Mauer, A.M., Dweck, H.S., Finberg, |. & et al. Nutritional needs of low-birth-weight
infants. Pediatrics 1985, 75: 976-986.

116.Stern, L. Early postnatal growth of low birthweight infants: what is optimal? Acta
Paediatr Scand Suppl 1982, 296: 6-13.

117.Dancis, J., O'Connell, J.R. & Holt, L.E. A grid for recording the weight of premature
infants. J Pediatr 1948, §5: 570-572.



202

118.Brosius, K.K., Ritter, D.A. & Kenny, J.D. Postnatal growth curve of the infant with
extremely low birth weight who was fed enterally. Pediatrics 1984, 74: 778-782.

119.Shaffer, S.G., Quimiro, C.L., Anderson, J.V. & Hall, R.T. Postnatal weight changes
in low birth weight infants. Pediatrics 1987, 79: 702-705.

120.Fenton, T.R., McMillan, D.D. & Sauve, R.S. Nutrition and growth analysis of very
low birth weight infants. Pediatrics 1990, 86: 378-383.

121. Wright, K., Dawson, J.P., Fallis, D., Vogt, E. & Lorch, V. New postnatal growth
grids for very low birth weight infants. Pediatrics 1993, 91: 922-926.

122.Smith, S.L., Kirchhoff, K.T., Chan, G.M. & Squire, S.J. Patterns of postnatal weight
changes in infants with very low and extremely low birth weights. Heart & Lung
1994, 23: 439-445.

123.Bauer, K. & Versmold, H. Postnatal weight loss in perterm neonates <1,500 g is due
to isotonic dehydration of the extracellular volume. Acta Paediatr Scand Suppi 1989,
360: 37-42.

124.Prader, A., Tanner, J.M., Hamack, G.A. & Von, G.A. Catch-up growth following
illness or starvation. An example of developmental canalization in man. J Pediatr
1963, 62: 646-659.

125.Tammela, O.K. & Koivisto, M.E. A 1-year follow-up of low birth weight infants
with and without bronchopulmonary dysplasia: health, growth, clinical lung disease,
cardiovascular and neurological sequelae. Early Hum Dev 1992, 30: 109-120.

126.Brandt, I. Growth dynamics of low-birth-weight infants. Acta Paediatr Scand Suppl
1985, 319: 38-47.

127.Smith, E.O., Schanler, R.J., Garza, C. & Nichols, B.L. Modeling the growth pattern
of premature infants. Growrh 1983, 47: 340-347.

128.Hoel, P.G. Methods for comparing growth type curves. Biometrics 1943, 20: 859-
872.

129.Berkey, C.S. Comparison of two longitudinal growth models for preschool children.
Biometrics 1982, 38: 221-234.

130.Count, E.W. Growth patterns of human physique: An approach to kinetic
anthropometry. Hum Biol 1943, 15: 1-32.



203

131.Karlberg, J. On the modelling of human growth. Star Med 1987, 6: 185-192.

132.Peerson, J.M., Heinig, M.J., Nommsen, L.A., Lonnerdal, B. & Dewey, K.G. Use of
growth models to describe patterns of length, weight, and head circumference among
breast-fed and formula-fed infants: the DARLING Study. Hum Biol 1993, 65: 611-
626.

133.Jenss, R.M. & Bayley, N. A mathematical method for studying the growth of a child.
Hum Biol 1937, 9: 556-563.

134 Karlberg, J., Engstrom, L., Karlberg, P. & Fryer, J.G. Analysis of linear growth using
a mathematical model. From birth to three years. Acta Paediatr Scand 1987, 76: 478-
488.

135.Kouchi, M., Mukherjee, D. & Roche, A.F. Curve fitting for growth in weight during
infancy with relationships to adult status, and familial associations of the estimated
parameters. Hum Biol 1985, §7: 245-263.

136.Berkey, C.S. & Reed, R.B. A model for describing normal and abnormal growth in
early childhood. Hum Biol 1987, §9: 973-987.

137. Simondo, F., Delpeuch, F. & Cornu, A. Comparative study of five growth models
applied to weight data from Congolese infants between birth and 13 months of age.
Am J Hum Bio 1992, 4: 329-335.

138.Cole, T.J. The use and construction of anthropometric growth reference standards.
Nutrition resecrch reviews 1993, 6: 19-50.

139.Grizzle, I.E. & Allen, D.M. Analysis of growth and dose response curves. Biometrics
1969, 25: 357-382.

140.D'agostino, R.B. Discussion of papers of session 2: Incomplete, multivariate, non-
linear. Stat Med 1992, 11: 1955-1963.

141.Pearson, J.D., Morrel, C.H., Landis, P.K., Carter, H.B. & Brant, L. Mixed-effects
regression models for studying the natural history of prostate disease. Stat Med 1994,
13: 587-601.

142.Carter, R.L.., Resnick, M.B., Ariet, M., Shieh, G. & Vonesh, E.F. A random
coefficient growth curve analysis of mental development in low-birth-weight infants.
Star Med 1992, 11: 243-256.



204

143.Brant, L.J., German, P.S., Rovner, B.W., Burton, L.C., Pearson, J.D. & Clark, R.D.
A longitudinal approach to modelling outcomes in a nursing home study. The
Gerontologist 1992, 32: 159-163.

144.Zeger, S. & Liang, K. Longitudinal data analysis for discrete and continuous
outcomes. Biometrics 1986, 42: 121-130.

145.Boulton, J., Penfold, J.L. & Coote, L. Nutrition in childhood and its relationships to
early somatic growth, body fat, blood pressure, and physical fitness. Acta Paediatr
Scand Suppl 1981, 284: 1-85.

146.Singer, L. Long-term hospitalization of failure-to-thrive infants: developmental
outcome at three years. Child Abuse & Neglect 1986, 10: 479-486.

147.Bhargava, S.K., Kumari, S. & Choudbury, P. Qutcome of low birth weight infants.
Acta Paediatr Scand 1984, 73: 406-407.

148.Kitchen, W.H., McDougall, A.B. & Naylor, F.D. Longitudinal study of very low
birth weight infants. Dev Med Child Neurol 1980, 22: 163-171.

149.Hack, M., Breslau, N. & Fanaroff, A.A. Differential effects of intrauterine and
postnatal brain growth failure in infants of very low birth weight. Am J Dis Child
1989, 143: 63-68.

150.Hack, M., Merkatz, [.R., Gordon, D., Jones. P.K. & Fanaroff, A.A. The prognostic
significance of postnatal growth in very low--birth weight infants. Am J Obstet
Gynecol 1982, 143: 693-699.

151.Robertson, C.M., Etches, P.C. & Kyle, J.M. Eight-year school performance and
growth of preterm, small for gestational age infants: a comparative study with
subjects matched for birth weight or for gestational age. J Pediatr 1990, 116: 19-26.

152.Escobedo, M.B. & Gonzalez, A. Bronchopulmonary dysplasia in the tiny infant.
Clinics in Perinatology 1986, 13: 315-326.

153.Knapp, M.A. Bronchopulmonary dysplasia: A review for the pediatrician. Curr
Probl Pediatr 1989, 177-227.

154.Vohr, B.R., Bell, E.F. & Oh, W. Infants with bronchopulmonary dysplasia. Growth
pattern and neurologic and developmental outcome. Am J Dis Child 1982, 136: 443-
447.



205

155.Tahy, A.R., McMullen, E.A. & Kim, S.K. Later growth and development in
premature infants with bronchopulmonary dysplasia (BPD). J Pediatr Perinat Nutr
1988, 2: 67-77.

156.Anderson, D.M. Nutrition for premature infants. In: Queen, P.M. & Lang, C.E.(eds)
Handbook of Pediatric Nutrition. Aspen Publisher, Inc. Gaithersburg, Maryland,
1993, pp 83-106.

157.Sell, E.J. & Vaucher, Y. Growth and developmental outcome of infants who had
bronchopulmonary dysplasia. In: Merritt, T.A.(ed) Bronchopulmonary Dysplasia.
Blackwell Scientific Publications, Boston, 1988, pp 403-420.

158.Chye, J.K. & Gray, P.H. Rehospitalization and growth of infants with
bronchopulmonary dysplasia: A matched control study. J Paediatr Child Health
1995, 31: 105-111.

159.Bozynski, M.E., Albert, .M., Vasan, U., Nelson, M.N., Zak, L.K. & Naughton, P.M.
Bronchopulmonary dysplasia and postnatal growth in extremely premature black
infants. Early Hum Dev 1990, 21: 83-92.

160.Kurzner, S.I., Garg, M., Bautista, D.B., et al. Growth failure in infants with
bronchopulmonary dysplasia: nutrition and elevated resting metabolic expenditure.
Pediatrics 1988, 81: 379-384.

161.Doyle, L.W., Kitchen, W.H., Ford, G.W., Kickards, A.L. & Kelly, E.A. Antenatal
steroid therapy and 5-year outcome of extremely low birth weight infants. Obstetrics
and gynecology 1989, 73: 743-746.

162.Collaborative Group on Antenatal Steroid Therapy. Effects of antenatal
dexamethsone administration in the infants: long term follow-up. J Pediatr 1989,
104: 259-267.

163.Haas, H.S., Neuvel, J., Schmand, B., Treffers, P.E., Koppe, I.G. & Hoeks, J. Physical
development and medical history of children who were treated antenatally with
corticosteroids to prevent respiratory distress syndrome: a 10 to 12 year follow-up.
Pediatrics 1990, 86: 65-70.

164.Collaborative Group on Antenatal Steroid Therapy. Effect of anenatal steroid
administration on prevention of respiratory distress syndrome. Am J Obstet Gynecol
1981, 141: 276-287.



206

165.Collaborative Group on Antenatal Steroid Therapy. Effect of antenatal steroid
administration on the infant: long-term follow-up. J Pediatr 1984, 104: 259-267.

166.Crowley, P. & Chalmer, M.J.N.C. The effects of corticosteroid administration before
preterm delivery: an overview of the evidence from controlled trials. Br J Obstet
Gynaecol 1990, 97: 11-25.

167.Crowley, P. Antenatal corticosteroid therapy: a meta-analysis of the randomized
trials, 1972 to 1994. Am J Obstet Gynecol 1995, 173: 322-335.

168.Andrews, E.B., Marcucci, G., White, A. & Long, W. Associations between use of
antenatal corticosteroids and neonatal outcomes within the Exosurf Neonatal
Treatment Investigational New Drug Program. Am J Obstet Gynecol 1995, 173: 290-
295,

169.Atkinson, M.W., Goldenberg, R.L., Gaudier, F.L., et al. Maternal corticosteroid and
tocolytic treatment and morbidity and mortality in very low birth weight infants. 4Am
J Obstet Gynecol 1995, 173: 299-305.

170. White, A., Marcucci, G., Andrews, E., Edwards, K. & Long, W. Antenatal steroids
and neonatal outcomes in controlled clinical trials of surfactant replacement. 4m J
Obstet Gynecol 1995, 173: 286-290.

171.Wright, L.L., Verter, J., Younes, N, et al. Antenatal corticosteroid administration
and neonatal outcome in very low birth weight infants: The NICHC Neonatal
Research Network. Am J Obstet Gynecol 1995, 173: 267-274.

172.Kari, A.M., Hallman, M., Eronen, M,, et al. Prenatal dexamethasone in conjunction
with rescue therapy of human surfactant: a randomized placebo-controlied
multicentre study. Pediatrics 1994, 93: 730-736.

173.Doyle, L.W., Kitchen, W.H., Ford, G.W., Richards, A.L., Lissenden, J.V. & Ryan,
M.M. Effects of antenatal steroid therapy on mortality and morbidity in very low
birth weight infants. J Pediatr 1986, 108: 287-292.

174.Hitchcock, N.E. & Coy, J.F. The growth of healthy Australian infants in relation to
infant feeding and social group. Med J Aust 1989, 150: 306-8, 310-1.

175.Salmenpera, L., Perheentupa, J. & Siimes, M.A. Exclusively breast-fed healthy
infants grow slower than reference infants. Pediatric Research 1985, 19: 307-312.



207

176.Pathak, A., Shah, N. & Tataria, A, Growth of exclusively breastfed infants. Indian
Pediatr 1993, 30: 1291-1300.

177.Heinig, M.J., Nommsen, L.A., Peerson, J.M., Lonnerdal, B. & Dewey, K.G. Intake
and growth of breast-fed and formula-fed infants in relation to the timing of
introduction of complementary foods: the DARLING study. Davis Area Research on
Lactation, Infant Nutrition and Growth. Acta Paediatr 1993, 82: 999-1006.

178.Heinig, M.J., Nommsen, L.A., Peerson, .M., Lonnerdal, B. & Dewey, K.G. Energy
and protein intakes of breast-fed and formula-fed infants during the first year of life
and their association with growth velocity: the DARLING Study. Am J Clin Nutr
1993, 58: 152-161.

179.Roche, A.F., Guo, S., Siervogel, R.M., Khamis, H.J. & Chandra, R.K. Growth
comparison of breast-fed and formula-fed infants. Can J Public Health 1993, 84:
132-135.

180.Duncan, B., Schaefer, C., Sibley, B. & Fonseca, N.M. Reduced growth velocity in
exclusively breast-fed infants. Am J Dis Child 1984, 138: 309-313.

181.Tanzer, F. & Gumuser, C. A study of the growth of 200 newborn babies for a period
of 6 months according to the type of nutrition. Annals of Tropical Paediatrics 1989,
9: 54-58.

182.Persson, L.A. Infant feeding and growth—a longitudinal study in three Swedish
communities. Annals of Human Biology 1985, 12: 41-52.

183.Bhatia, B.D., Agarwal, K.N., Jain, N.P. & Bhargava, V. Growth pattern of
intrauterine growth retarded (IUGR) babies in first nine months of life. Acta Paediatr
Scand 1984, 713: 189-196.

184.Georgieff, M.K., Mills, M.M., Zempel, C.E. & Chang, P.N. Catch-up growth, muscle
and fat accretion, and body proportionality of infants one year after newborn
intensive care. J Pediatr 1989, 114: 288-292.

185.Manser, J.I. Growth in the high-risk infant. Clinics in Perinatology 1984, 11: 19-40.

186.Cameron, N. The measurement of human growth. Cromm Helm, London, 1984,

187.Shennan, A.T., Dunn, M.S., Ohlsson, A., Lennox, K. & Hoskins, E.M. Abnormal

pulmonary outcomes in premature infants: prediction from oxygen requirement in
the neonatal period. Pediatrics 1988, 527-532.



208

188.Bancalari, E., Abdenaur, G.E., Feller, T. & Gannon, J. Bronchopulmonary dysplasia;
Clinical presentation. J Pediatr 1979, 95: 823-829.

189.Bax, M.C. Terminology and Classification of Cerebral Palsy. Developmental
Medicine and Child Neurology 1964, 6: 295-307.

190.Blishen, B.R. & Mcroberts, H.A. A revised socioeconomic index for occupations in
Canada. Canad Rev Soc Anth 1976, 13: 71-73.

191.Dean, A.G., Dean, J.A., Coulombier, D., et al. Epi Info, Version 6: a word
processing, database, and statistics program for epidemiology on microcomputers.
Centers for Disease Control and Prevention, Atlanta, Georgia, U.S.A., 1994,

192.Bhalla, A.K., Kumar, V. & Kaul, S. Longitudinal growth of body weight and crown
heel length in Punjabi infants: population comparison. Indian J Pediatr 1987, 54:
703-710.

193.Tanner, J.M. Foetus into Man: Physical Growth from Conception to Maturity. 2nd
edition. Castlemead Publications, Were, 1989, 119-164.

194.Hirata, T., Epcar, J.T., Walsh, A., et al. Survival and outcome of infants 501-705 gm:
A six year experience. J Pediatr 1983, 102: 741-748.

195.Health and Welfare Canada. Present patterns and trends in infant feeding in Canada.
1990, (Abstract)

196.Wachtel, R.C., Landsman, J.K. & Hussey-Gardner, B. Detection delay in premature
infants: the need for partial correction. Pediatric Research 1996, 39: 283A.

197.Hack, M. Very-low-birth-weight infants. Am J Dis Child 1989, 143: 882-883.

198.Hack, M., Weissman, B., Breslau, N., Klein, N., Borawski-Clark, E. & Fanaroff,
A.A. Health of very low birth weight children during their first eight years. J Pediatr
1993, 122: 387-892.

199.Veelken, N., Stollhoff, K. & Claussen, M. Development and perinatal risk factors of
very low-birth-weight infants. Small versus appropriate for gestational age.
Neuropediatrics 1992, 23: 102-107.



209

200.Wennergren, M. Perinatal risk factors. With special reference to intrauterine growth
retardation and neonatal respiratory adaptation. Acta Obstetricia et Gynecologica
Scandinavica - Supplement 1986, 135: 1-51.

201.Brooke, O.G., Wood, C. & Butters, F. The body proportions for small-for-dates
infants. Early Hum Dev 1984, 10: 85-94.

202.Hitchcock, N.E. & Coy, J.F. Growth and catch-up growth of Australian infants of
low birthweight. Aust Paediatr J 1989, 25: 134-137.

203.Miller, H.C. & Hassanein, K. Diagnosis of impaired fetal growth in newborn infants.
Pediatrics 1971, 48: 511-522.

204 Kelleher, K.J., Casey, P.H., Bradley, R.H., et al. Risk factors and outcomes for
failure to thrive in low birth weight preterm infants. Pediatrics 1993, 91: 941-948.

205.Hack, M., Weissman, B. & Borawski-Clark, E. Catch-up growth during childhood
among very low birthweight children. Archives of Pediatrics & Adolescent Medicine
1996, 150:1122-1129.

206.Petersen, S., Larsen, T. & Greisen, G. Judging fetal growth from body proportions at
birth. Early Hum Dev 1996, 30: 139-146.

207.Vrlenich, L.A., Bozynski, M.E.A., Shyr, Y., Schork, M.A., Roloff, D.W. &
McCormick, M.C. The effect of bronchopulmonary dysplasia on growth at school
age. Pediatrics 1993, 95: 855-859.



210

APPENDIX A: STUDY APPROVAL LETTERS



211

Alberta | !
EHILD]RENS g{g? rff\fﬁé ‘?-"ic\‘}i

ospita 5C7
The chﬁdE)cclth centre and teaching hospitdl affibated with The University of Calgary 1';;15403)22922?:%?{%

February 1, 1996

Dr. Reg Sauve
Department of Paediatrics
Alberta Children’s Fospital

Dear Dr.Sauve:

Re: Project 96-02 - Analysis of Patterns of Growth and Determinants of
Postneonatal Growth in Very Low Birth Weight Infants, Using Modelling Procedures

The above named protocol has now been reviewed by representatives of the ACH Research Committee.
This protocol has now been approved and will be forwarded to the Conjoint Medical Research Ethics Board,
Faculty of Medicine, The University of Calgary for ethical review.

Our approval of this proposal is contingent upon:

1) Approva! from the Conjoint Medical Research Ethics Board, The University of Calgary.

2) ACH personnel being involved for the duration of this project.

3) Alberta Children's Hospital be acknowledged in any publications arising from this work.

Please find attached, for your information, a few comments made by one of the reviewers. Should you
wish to provide a corrected manuscript, please submit it directly to the Conjoint Medical Research Ethics Board.

I wish you a successful and informative study.

Sincerely,

SR

R. Brent Scott, MD, FRCP(C)

Chair

ACH Research Committee
RBS/mee

cc Conjoint Medical Research Ethics Board, U of C .

&



Ti=

===
EKJN%ERSITY OF
Faculty of Medicine
Office of Medical Bioethics
22 February 1996
Dr. R.S. Sauve
Department of Community Health Sciences
The University of Calgary
Calgary, Alberta.
Dear Dr. Sauve:
Re:  Analvsis of Patterns of Growth and Determinants of Postnconatal Growth in VLBW Infants. Using
Modelling Procedures
Student: Dr. Zhigiang Wang Degree: PhD
The above-noted thesis proposal has been submitted for Committee review and found to be ethically acceptable.
Please note that this approval is subject to the following conditions:
(48] a copy of the informed consent form must have been given to each research subject, if required

for this study;

2) a Progress Report must be submitted in one year, 1997-02-22, containing the following
information:

(0] the number of subjects recruited;

(it) a description of any protocol modification;

(iit) any unusual and/or severe complications, adverse events or unanticipated
problems involving risks to subjects or others, withdrawal of subjects from the
rescarch, or complaints about the research;

@iv) a summary of any recent literature, finding, or other relevant information,
especially information about risks associated with the research;

) a copy of the current informed consent form;

(vi)  the expected date of termination of this project;

3) a Final Report must be submitted at the temination of the project.

Please note that you have been named as a principal collaborator on this study because students are not permitted
to serve as principal investigators. Please accept the Committec’s best wishes for success in vour research.

Yours sincerely,

T y _ ~A
E.D. Burgess, MD, FRCPC, FACP

Chair, Conjoint Medical Research Ethics Board

c.c. Research Committee, ACH
Dr. L.R. Sutherland (information)
Dr. Zhigiang Wang

3330 Hospital Drive N.W., Caigary, Alberta, Canada T2N 4N1
Telephone: (403) 220-7990 Fax: (403) 283-8524

212



213

APPENDIX B: THE FORM OF FOLLOW UP DATA: OUTCOME I/l



214

PERINATAL FOLLOW-UP Ngyge:
OUTCOME LTI Date of Birth:
Date of Assmt:

Date of Collections ______
o+ o __ HEALTH HISTORY STATUS  (Cooi) | GRQWTH RECORD _
Birthweight ———— GRQOWTH VELOCITY _
CA — — | Noa-PNFU Involvement FAILURE TO THRIVE —
AA — — | ACH Cligics — | am Cire ——— ——
Date Seen —_——— — | ACH Tx. Prog. — | Triceps ——— ——
Source of Info — | Noa-ACH Prog. - | Subscapular ——— o
Cause of Death — | ACH ind Cons/Tx ~ | AM Area —_—— -
Autopsy — | Noa ACH ConvTx | Weight ————
Resideace — | Noa- eferral Leagth e

ACH Clinics o | Head Circ —_—
PHYSICAL EXAM — | ACH Tx Prog | Cheae Ciec ——
PULMONARY __ | Noa-ACH Prog -

ACH ind. Cony/Tx | OPETHALMOLOGY/ORTHOPTICS__
NEURODEYELOPMENTAL __ | Non-ACH CoayTx | Visual Acuity _
Tone: upper * — | Commugity School lavalve | Refraction -

lower® — — | Ocular Structure _
trugcal® — | PHYSIOTHERAPY — | Osular Motility -

DTR’s — | Test Used - | ROP -Ru -
Primitive Reflexes __ | Gross Motor - -Le —

Primitive Reflexes | RLF -Re -
BEALTH HISTORY STATUS — | Intervestion - -Lt _
Blood Pressure —— __ | Fine Mater — | Trearmeat -
Hemoglabin — — | NUTRITION - | SPRECH: COMMUNICATION -
#LRI's __ | Energy latake e | R —
#0titis __ | Protein Intzke — EL -
# Hasp. (resp) _ | BF24 hrs. —_ | Phonolagical Skills -

Micronutrieat Intake — | Flueacy —
# Hosp. (ather) —. | Feeding Probs Voice —

Oral/Eateral Intake [ntewvention —
# Day Surg/Monitoring _____ __ | Feeding abiliskills

Special Diet

Visits Physiciag Office
Visits Emerg
Current Meds

Eaergy Suppl®
Standard Suppl *

Intervesntion

O O O




~
—
W

HEARING

ABR

Distorion Product Emission
Audiometry (Sound Ficld)
Audiometry (Head Phancs)
T Mobility

PE Tube Status

Heariog Aids

Repeat

PSYCHOLOGY
Test Used
Cognitive Index
Atteation Span
Interveation

SOCIAL WORK
Characteristics Parent
Pregnaacy Birth
Artachmeat Caretaking
Discipline Temperament
Support -

Ageacy Utilization
Intervention

Family Status *
Blishea: Father
Bliskea: Mother

SCREENING TESTS

TEST USED

ot} fh10) 8 DISC

S 134

SH -RL

GM EL

M GM

EL A-ALM
LC V-A&M
L
N
GD

£ =

DISABILITY
Cetebral Palsy
Seizure Disorder
Mental Retardation
Blindness

Deainess

OCCUPATIONAL THERAPY
Primary Test Uscd
Score
Secandary Test Used
Score
Feeding Outcome
Test Used

[ntervention

DIAGNOSTIC CODES
Social Work
Nursing
Nutrition
Physicat

Neuro

Physio

O.T.
Psychology
Speech
Audialogy
Ophthaimology

— . o o

—— . —

—— ——

* More than anc source of data

Rev. 96,0201
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APPENDIX C: THE FORM OF N.LC.U. DISCHARGE SUMMARY



N.1.C.H. DISCHARGE SUMMARY

Baby's Naze:

Lasc Firse
GENERAL DATA
F.H. Hosp. ¢

or assigned #

Card 0
Birchdace (Yr-month) [
*Follow=Up Criceria l
) *() = none

Low birth weight

compl. vencilator course
cangenital {nfection
neuto disorders

Ov AN L D
[ I I B A )

other
specify
7 = RQP
8 = gpecial scudy
9 = ynknown
s3irthplace

*Where Hospitalized

Age at admission (hrs)

transpoéted

*Days hospitalized: Acute

: QOcher ICN

: Other hospical

*00¢ = none

00L = & 24 hrs.
002 = 2 days, etc.
999 = ynknoun

*Digposition

* hoage

other hospital

died
other
unkaown

specify

(V- RV B W

Autopsy?

Middle

{1-6)
(7-8)
(9-12)
(13-17)

(18)
(19)
(20-22)
(23)
(24-26)
(27-29)
(30-32)

13)
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Basic Codes

0 = ao 4 = sugpect
1 = yes 9 = unknown
(Code changes denoted by *)

*place Codes

Foothills Hospital

Ocher Calgary Hospital

Other Alberta Hospital

Qut of Province Hospital
Non~-Hospital (eg. home, smbulance)
Octher

LW

BASIC METHOD FOR DETERMINING # OF DAYS

The number of days are decerzined by sub-
tracting che dace of coomencement aof creat—
ment (or date of admission) from che dace of
teraination of creacseat (oxr date of discharge)
or, in orther words, by counting caleadar days
and subtracting one day. If trearmenc begins
and ends om the same day, count as 1 day.
Otherwise the above zechod applies.

e.g. Vearilation begins on Jyly 7 and scops

July 9: numbher of days = 2

Admitted to Acuce care July 7 and died
July 7: Days hospitalized = 1

Admicced to Acute care July 7, transferrec
to Prem II an July 10, discharged hame

on August 3: Days ia Acurce = 3; davs

in Prea II = 24

Phototherapy begins July 7, scops July
10, tecocmences July 12, stops Julwv l4:
Total days on photatherapy = 5

Date Compleced: . —

o —

Rev: 1[983-ye--l
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2.
*Cause of Death ¢ (35-38} |*Mocher's Obstecrical Bistory (S8iological)
*0000=noc applicable ) (19-462)((T) # of previcus term bicths (862)
9999 = unkaown
Use H - ICDA codes for causes (2) # of previcus pre—term births (63)
specify
specify (A) # of spontaneous shocrtions (64)
®Sex
*| = Male (43)|(A) # of therapeucic abortions (65)
2 = Female
(L) ¢ of liviag children (66}
*wulef{ple Birth (44) (noc counting this one)
*0 = gsingleton *34=28
1 = cwins 9 = unknown
2 = triplecs or greater -
LABQUR AND DELIVERY
DEMOGRAPHIC DATA Drugs in Labor & Delivery
Macernal:
Nage: Antidioeics (57)
Age ac delivery (Yes): (45-48) | Steroids (6a)
*Marical Status (47) lAnalgesics (69)
%] = gwo parent faally
2 = gingle patenc family Drugs to arveat labaer (70)
9 = unknown .
Ancihypertensives )
®*Race (48)
*| = Caucasian Sedacives (72)
2 = Black
3 = Canadian Indian/Metis Proscaglandins (73)
4 = Other specify
9 = ynknown Other (74)
: (specify)
Transported PTD? (49)
*Angegthesia for Delivery (75)
*1f so, hospital of origin: (50)} ®0Q » gane
*) = N/A 1 = pudendal, local, paracervical
Use place codes 2 = caudal
3 e epidyral
*Total years ia school (51~52)] 4 =« spinal
*39 = ynknaown 5 = general
9 = unknawn
Paternal:
Nage: Mecoofua staiuning? (18}
*Ryprure of Megbranes on
Age at delivery (yvs) (53-54)] *1 = < 24 hrs PTD
2 = > 24 hes PTD
3 = ynknown
Occupacion:
Monitoe? (78}
*Blishen Index (55~56)
*(see manual)
®*Total years {n school (57-58) | *Presencacion at Delivety (79)

*99 = unknown

*Midparent height {e=)
*999 = unknown

(59-61)

*) = vercex

1 = breech
8 = other
9 = unknown
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CARD 2 3.
Duplicace columns ([-~6)
Cazd 0]2 (7-8) | *MEASUREMENTS *Percentiles
C ~ Seczion (9)[3tzchweighe (30-35)
(gus)
*1f so, indicacions H— (10~-12){Birthlength b (36-40)
*Q « n/a (em)
1l = fetal discress Head Circ. (ea) ¢ (41-45)
2 = breech presencaczion
3 = aboormal lie Chest Circ. (em) { (46-48)
4 = failuyre to progress
5 = APY *3's = unknown
8 = Other 04 = < Sch percencile
(specify) 96 = > 95ch pecrceacile
9 = Unknown
*Ponderal Iadex b (49-50)
PERINATAL INFECTION *9.9 - unknowmn
Foul samelling liquor (13)
SUTRITION
Mazernal fever (154)
Mininua We. (gms) (51-54)
Ocher evidence of maternal (15)
infection Total We. losc (gms) (55-57)
(specify)
*Risk Score (Coopland's) (16){2 b.v. lost (58-59)
*) = average : ’
1 = increased *Age b.w. rTegalned (days) (60-61)
9 = uynknown *Ql = birchdate or Day | )
97 = > 97 days
*Resuscicacion Required an 98 = not regained prior to
*Q = none discharge
I = 0y * bag and mask 99 « uynknowm
2 = f{ncubation
3 e cardiac massage Discharge We. (gzs) (62-65)
4 = yes, type unkanown
9 = unkaown Pareazaras (66-67)
(days)
*Apgars: | micute (18-19)
*Age all feeds taken p.o. (68-70)
S minutes (20-21)| *001 = birchdate or
*99 = ynkaown Day 1
*Adaissian temp. ) (22-24) 998 = not prior 2o
(reccal °*C) discharge
*34.9 = coo lov to record 999 = unknown
99.9 = unknowm *Forzula Used (71-74)
*0 = none
*B.P. on adaission (mmHg) (25-26) l = EBM
*39 =« unknown 2 =« BBM
3 = 20 cal. formula
Gescational Age (wks) (27-28) 4 = 24 cal. formula
5 = Prosobee
*Incrauterine Growth Scatus (29) 6 = Pregescimil
7 = Nutraaigen
*] = sGa 8 =~ Ocher
2 = AGA (specify)
3 = LGA 9 = uynknown
9 = unknown (List in order of frequency
of use - f.e. ta box ‘)i

enter most frequeatz; {a box

T4 least frequent)
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‘.
*Forzula at Discharge (75)
®*Codes as abave Priscoline (31
(2 = breastc feeding)
Morphine 32)
CARD 3 Codetne a3
Duplicate columns (1-6)
CARD (7-8) | Phenobarbizal (%)
Feeding Problems Dilancin (35)
Blood inr Stools (9)
Theaphylline (Azinophylline) (36)
Frequent Regurgitation (10)
NaHCO3 7
Aaino Aciduria (tyrosinemia) (11)
. Iron (38)
NEC (12)
Multivicaming (39)
Late Edema (13)
Vitanmin E (40)
Rec. Abd. Disteacion (14)
Calctua (p.o) (s1)
Other (1s)
Capecify) NaCl (p.a.) (s2)
*DRUG UTILIZATION MCT (43)
¢0 = not used .
1 = used once Polycose (44)
2 = ysed > ance
9 = unkrown i{f used *Qther (45-46)
Pentcillin (16){ *Specify number used
G0 = none
Ampicillin (17} 0l = one, etc.
99 = ynknowm
Cloxaci{llin (18)
Total Drugs Used (47-48)
Cencaaycin (19)
*Adverse drug reactioas (49)
Kanamycin (20)| *0 = none
{ = yes, BPD +/or ROP, RLF oculy
Ocher anzibiotic (21)| 2 = other than BPD, RQP, ALF
or antifungal (specify) 3 = cosbinacion of 1 & 2 above
Mycostacin (22)| 9 = unknown
Steroids (23) | HEMATOLOGY
*Blaod Products (times given)
Digoxin (24) Packed rbc &/or whole blood (50-51)
Lasix (25) Plasaa (52-53)
Other df{uretic (26) Placelets/WBC (54-55)
(specify) *00 = not given
Indocid (27) 99 = unknown
Hematocric: wmax. (SI) ¢ (56-58)
Atropine 28)
: aia. (SI) (59-61)
Pavulon (Pancuronium) (29)
Dopamine (30)




Parzi{al Exchaage

=Clorring Disorder
%0 = none
1 = thrombocycopenia only
2 = DIC (Iacl. Thrombocycopenia)
8 = Qther

(specify)
9 & yaknown
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JAUNDICE

Days on phococherapy

Exchange Transfusion

*Eeiology
*] = n/a
1 = blood group incompatibiliey
2 = gther
9 = unknown

Max. bilf: eocal(st Units)[

: con}.(ST Units)

CARD 4

Duplicste columns (1-6)
CARD 0

SEPSIS?

Sepsais Work-ups

More chan 2?7

*Sork-ups on Day of Delivery

Blood

CSF

Scool

Urine

Auger/Trachea

Skin

Other

(specify)

*Firsc Poscnatal Work-up

Bloed

Csr

Stool

S.
(62)
Ueine (31~-32)
(53)
Auger/Trachea (33-34)
Skin (35~36)
Other (37-38)
(specify)
*Work-up codes
(54) 00 = not done
0 = ao growth
(65-66) 02 « staph. albus/eptderaidis/coagulase neg
03 = szap. aureus/coagulase pos
(67) 04 = E. Cult OS5 = Kiebsiella
06 - pseudomonas
(68) 07 = Bacteriades
08 =~ Proteus
09 = Croup A Strep
10 = Group B Screp
Li = Strep fecalis/gamma screp
(69=71) 12 = Qeher
(specify)
(72-74) 13 = Ocher
(specify)
99 = no report
NEURQLOGIC
(7-8)|tSeizures (39)
*0 = no
L = yes, one only
€) 2 = yes, more thao cne
9 =» unknown
(10} *"Onset (40}
Q) = N/A
l =& 4 days
(11-12) 3 =>4 days
9 = unknown
{13-14)
*EEC (a1
(15-16)
(17-18) ([nterprecation)
(13-20) |*CT Scan (42)
(21-22)
(Incerprecation)
(23-24))=cys (a3)
(Incecpretation)
(25-~26)
*Q = nct done
(27-28) | = normal
2 = abnorz=al
(29-30) 4 = suspect
§ = ynknown 1f done
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6.
*APYEA (44)
*) = no aphea Complicacions During Venr. Asse.
L = apnea, no treatzenc Atelectasis (10)
2 = apnea, drug treatasuat
3 = apnea, vent. treataant Prolonged Hypoxia (p0; arc < 5Q) (71)
4 = apnea, drug, &
vent. treac3ent Prolanged acidosis (pH < 7.2) (72)
6 = apnea, unknown if trested
9 = unknown Nasal narrowing 73)
*Age of onset (days) (45-47)(Posc—extubarion airway obsctuetion (76)
*sge regsolved (days) (48-50) { Prneumopericardfum (75}
*000 = n/a
00! = bdirthdate or Day ! Emphysesa (76)
998 = not prior to d{scharge
999 = unknown Other extrapleural air r7)
VENTILATORY ASSISTANCE (51)|ocher (718)
(specity)
*ige of Onset (52}
) = N/A CARD S
1 = <1 hour Duplicate Columns (1-6)
2 = 1 to 24 hours Card 0]5s (7-8)
3 = > 24 hours
9 = unknown Vesael Catheterization and Duration
Type and Duracion Umbilical artecy cath. (9)
Pas. press. veat.? (53>
*Days Cacheterized (lo-t1)
*Number of days (54=55) 200 = N/A
*00 « N/A 0l = £ 26 hrs.
0L = § 24 hrs 02 = 2 days, etc.
02 ='2 days, etc. 98 = 3 98 days
98 = 3 98 days 99 = unknown
99 = ynknown Ocher acrtery Cach. (t2)
Ocher (CPAP~ET, CPAP-prongs,CNP)? (56)] *#Days catheterized (13-14)
*00 = N/A
*Nunber of days (57-58) 0L = & 24 hrs.
*Q0 = N/A 02 = 2 days, ecc.
0l = & 26 hrs. 98 = ) 98 days
02 = 2 days etc. 99 = ynknown
38 = 3 98 days
99 = yaknown *Complications of Cathezerization (L3)
*Q = none
Tracheasgomy (59) 1 = vasc. trans.
2 = vasc. pera.
Orotrachezl Tube {60} 8 = other
9 = yaknown
Nasotracheal Tube (18]
Tacal days {n 03 C(ia-24)
*Mzx. insp. pressure (ca) (62-63) - —
*00 = N/A Days iz 0; s art. line t19-21)
*Max, end exp. pressure (cm) (64-55)
00 = N/A >1 episode vent. support L ()]
¢ arc, pdz's > 100 (66-67) —
f cap. pOy's > 50 (68-469)




DIAGNOSES
Cardiovascular

*0 = no
1 = yes, treated aurgically
2 = yes, not treated surgicslly
4 = suspect
9 = unknowm

vsp
Persistent Fetal Circulation

*Qcher

*Q = none

1 = ASD
= pulmonic scenosis
= traasposition
= coarctation
= gther
(specify)

= ynknown

[+ I S PV NY

L}

Puloonary
RDS

Mecouniun aspiration
AcCelectasis

*Pneumothorax -~ right
- lefe
*Q = fo
= yes, spoant. with tube
= yes, post-op. with tube
= yes, spont. nc tube
® yes, post-op. 0o tube
= unknown

O P WN e~

Transient Tachypnea

Pulaonary {neufficiency of
premacurity

aee BPD

Eaphyseza

*Ocher
*) = none

= aspiration, not meconium
hypoplascic lung

pula. hemorchage
prneumonia, pneumoaicis
bronchial stenosis

aother

[+ RV R W X
ns s aoa

(specify)

o

unknown

(23}

{24)
(25)
(26)

27}
(28)
(29)
(30)
i

(32
(31
(34)
(3s5)

(36-37)

*Gascroincestinal (Congenical)
=) = ggne

1 = [nguinal hermia
= dfaphragaacic heruia
TE fistcla

szall bowel obst.
latge bouwel aobstc.
zsc. plug

other

@ NhWG LN

gastroschistls or omphalacele

{specify)
9 = unknown

*Gastrointescinal (Acquired)
*0 = npone

1 = obstruction
2 = perforation

& = ather
(specify)}
§ = unknown
*Genitouriznary (Congenical)
*G = none
l = cryptorchidisa
2 = ambiguaus genicalis
3 = geurogenic bladder
4 = hydrouephrosis
5 = hypoplastic kidney
6 = polycystic kidney
7 = hypospadias
8 = gcher
{specify)

9 = uyaknown

*Genitourinary (Acquired)
*Q = none

1 = UTL
2 = heaaturia

3 = renal failuTe
8 = ather
(specify)
9 = uyaknowm
Neurology
Peripheral Yerve Injucries
*Malforzmations of CNS

*Q = none
aneacephaly

hydrocephalus with ICH
hydrocephalus without ICH
zicracephaly
hydranencephaly
zeningomyelocele
encephalocele

other

B ~NAOWN P WN -

(apecify)

L
[ ]

ynknown
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(13-39)

(40-41)

{42)

(43-44)

(45)
(46}



Hezorchages 8.
Subarachnoid (47)| Choriorecinitcis (50)
Cerebral (48){ Coajunctival hemorrhage (61)
#lacraventsicular (49)| Retinal heamorrhage (62)

*Q = no
I = grade | (aild) Vicreous hemorcthage (63)
2 = grade 2 (moderace)
3 = grade 3 (=aderace) *Rezinopachy of prematurity (684)
4 = grade & (large) *Q = no
8 = yes, grade unknowmn L = yes, grade |
9 = unknown 2 = yes, grade 2, etc.

Hypoxic Ischeaic Encephalopachy (50) 3 = yes, grade 3

4 = yes, grade &

ZMuaculoskelecsl Abnoraalities {s1) 6 = yes, grade 3+
*0 = none 8 = yes, grade unknown
1 = CDE/hip elick 9 = unknown
2 « club foot *Recrolencal fibroplasia (65)
3 = supernumary digits *Q0 = no
4 = cong. aaputation 1 = yes, grade |
8 = ocher 2 = yes, grade 2

(specify) 3 = yes, grade 3
9 = unknowm : 4 = yes, grade 4
*Mouth, Larvnx, Trachea (52) 8 = yes, grade unknowm
Abnoranslicies 9 = unknown
*Q = none Cryopexy? (66)
I = cong. stridor
2 = subgloctic stenosis PHYSIO
3 = clefc palate &/or lip *Cest. age at assess. (vks) (67-68)
4 = sgpraglottic/gloctic *%1 = > 40
acquized abnocrzalities 99 = unknown
8 = other *Quccome (69)
. (specify) *0 = normal

9 = yaknown 1 = profoundly abnormal

Yiscellaneous 2 = abnorzal

Dysaorphic Features not listed (53) & = guspect
elsevhere 9 = unknowm

Choanal acresia (54)| *GM Reflex (months) (70-71)

%99 = ynkaown

*Trisomy (55)| *Toane - upper (72)
*Q = no
I = yes, 21 - lover (73)
2 = yes, other
J = yes, type unknown - trunk (74)
4 = syspect *) = normal
9 = unknawn 1 = increased

Other syndrooce (56) 2 = decreased

(specify) 9 = gnknown
*primirive Reflexes (75)

ASSESSMENTS IN N.I.C.U. *Q) = ngoraal
EYE 1 = abnormal

Ophthalzalogic consult (s7) 4 = suspect

9 = unknown

Vascularfzation Complece? (58)

#N.[.C.U. HEARING (76)

*Cong. Abnorazality (59} *Q = pormal
*Q0 = none 1 = abnormal
1 = cataract, unilateral 4 = guspect
2 = cacaracts, biflateral 9 = unknown
8 = other DISCHARGE SUMMARY FORM # (77)
9 =

uaknown
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