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ABSTRACT

INTRODUCTION:

Interventions Jd~signed to prevent fetal macrosomia among gestational
diabetic women have met with varying success. The relative importance of
gestational diabetes mellitus (GDM) and maternal obesity to the divelopment of
macrosomia, independent of the confounding effects of other associated

maternal an1 nconatal characteristics, still needs to be ascertained.

OBJECTIVES:

(1) to detcrmine the relative importance of glucose intolerance and
maternal obesity among other known factors, as risk factors for fetal
macrosomia,

(2) to dctermine predictors of disproportionate fat distribution in
newborns.

(3) 1o examine the relationship between various levels of glucose
intolerance and macrosomia.

(4) to compile tables of normative, anthropometric newbomn

measurements.

STUDY DESIGN AND METHODS:

The design was that of a case-control study, with 209 macrosomic newborns
(birthweight >4000g) selected as cases and 791 non-macrosomic newborns
(birthweight <4000g) selected as controls.

All 1000 mother/newborn pairs were recruited 24-48 hours after delivery at

. - Royal Alexandra and the Grey Nuns hospitals in Edmonton. Data on various

maternal & newborn characteristics were collected.

Three measures of disproportionate fat distribution as suggested by Sasanow et
al! and Ballard et al> were considered : (i) ponderal index; (ii) ratio of mid-
arm circumference to head circumference; (iii) ratio of abdominal
circumference to head circumference.

GDM subjects received standard therapy.



Univariate and multivariate analyses were performed to examine the
determinants of fetal macrosomia, both in terms of absolute wcight and in
terms of large-for-gestational age (>90th percentile). Similar analyses were

conducted to determine the predictors of disproportionate fat distribution.

RESULTS:

The most important predictors of fetal macrosomia were matermal and fetal
constitutional factors such as maternal pre-pregnancy weigh height,
ethnicity, maternal birthweight and gender of the newborn.

We did not find any significant risk factors for divproportienate fat
distribution other than newborn's birthweight.

Glucose intolerance does not appear to have a statistically significant
independent or synergistic  effect with maternal obesity on the outcome of

macrosomia.

CONCLUSIONS:

The pathogenesis of macrosomia remains clusive. The study results suggest
that by focussing attention on gestational diabetic women we may be
overlooking a more appropriate target group such as obese gravida, in  our

effort to prevent macrosomia.

BIBLIOGRAPHY:

1 Sasanow SR, Georgieff MK, Pereira GR. Mid-arm circumference and mid-arm:head
circumference ratios: Standard rurves for anthropometric assessment of
neonatal nutritional status. J Pediatr 1986; 109: 311.

2 Ballard JL, Rosenn B, Khoury JC, Miodovnik M. Diabetic fetal macrosomia:
Significance of disproportionate growth. The Journal of Pediatrics 1993;
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CHAPTER 1

RATIONALE, OBJECTIVES & HYPOTHESES



RATIONALE FOR THE STUDY

The small for gestational age or growth restricted newborn has often
caught the attention of rescarchers. A number of studics on the associated
morbidity have been conducted with a view to improve the prognosis of such
a newborn. A macrosomic newborn may also be at an increased risk due to
associated morbidities of birth trauma, or childhood and adolescent obesity!. It
is important to explore the predictive tactors for ncwborn macrosomia so that

appropriate preventive interventions can be instituted.

Difficulty has been encountercd in idertifying historical, clinical, and
laberatory factors predictive of macrosomia. Birth weight may be influenced
by the maternal or fetal constitutional, metabolic or genetic .actors. Risk
factors thought to be associated with newborn macrosomia are previous
history of macrosomia, maternal weight, height, age, race, ecthnicity, wcight
gain during pregnancy, parity, gestational age, paternal constitutional
factors, fetal gender, and matemal metabolic factors of which glucose is the
most modifiable.

These predictive factors have not been examined in studies of
'interventions’ or ‘therapy' designed to prevent macrosomia. After finding
better perinatal outcomes among insulin-treated diabetic pregnant women,
clinicians and scientists have aimed at achieving normoglycemia cven among
gestational diabetic women hoping to prevent fetal macrosomia; though with
varying degrees of success234567 Since gestational diabetes is strongly
correlated with maternal obesity, there has been considcrable debate as to
whether macrosomia in women with GDM is atiributable to their obesity or to

their glucose profile! 5891011

The main objective of the study was to delineate the relative
importance of gestational diabetes mellitus and maternal obesity as risk factors
for newborn macrosomia, so that the interventions designed to prevent
macrosomia are more precise and appropriately focused. Once fetal
macrosomia is suspected, the challenge of detecting the fetal disproportionate
growth still remains. Our study also sought to investigate predictors of
disproportionate fat distribution in newborns.



OBJECTIVES

The specific objectives of the study were both analytic and descriptive.
Analytic Objectives:

(1) to dctermine the relative importance of maternal obesity and
gestational diabetes mellitus as predictors of newborn macrosomia and to
cxplore a possible synergistic effect between maternal obesity and GDM for the

dcvelopment of newborn macrosomia

(2) to determine the relative importance of maternal and neonatal

characteristics as predictors of disproportionate fat distribution in newborns

(3) to investigate whether the extent of glucose abnormality as reflected by
the plasma glucose values (see page 55 for definition) correlates with fetal

macrosomia

Descriptive Objectives:

(1) 1o construct nomograms of anthropometric measurements of newbormns

RESEARCH HYPOTHESES

I Macrosomia is more strongly predicted by the maternal genetic or
constitutional makeup i.e. maternal obesity than by gestational diabetes

mellitus.

11 In pregnant women with impaired glucose tolerance, the glucose
abnormality as reflected by the mean plasma glucose values is not a

significant predictor of newbormm macrosomia.



RELEVANCE AND CLINICAL SIGNIFICANCE

One of the most significant developments in the last few yecars has been
the recognition that gestational diabetes mellitus (GDM) may not be associated
with increased perinatal mortality and that the incrcased perinatal morbidity
attributed to it may be less significant than was previously hypothesized!2. The
increased perinatal morbidity may be duc to thec confounding ecffects of
matcrnal characteristics that are not adequately controlled. Acco:ding to 1990
figures from Statistics Canada, 15% of all births result in ncwborns weighing
>4000g14%, Report from the National Center for Health Statistics (1985) shows
that 10.92% of all births in the United States result in newborns weighing
>4000g, whereas the prevalence of GDM averages 3%!*. GDM has bceen thought
to be a significant contributor of to the development of macrosomia. This could
be because the main risk factors for macrosomia are very similar to those for
GDM, such as maternal obesity compounded by excessive weight gain during
pregnancy, increased maternai age and prolonged gestational age!2. Similar
risk factors for these two conditions have led to a speculation that GDM may be

associated with all the morbidity attributable to macrosomia.

In spite of the lack of a convincing relationship bctween gestational
diabetes mellitus and macrosomia, and the lack of ecvidence for a beneficial
effect of tight glycemic control among gestational diabetics in the prevention
of macrosomia, current recommendations are that every pregnant woman be
tested for gestational diabetes, and if diagnosed, treated by therapy aimed at
tight glycemic control’4, Not only may we be over-diagnosing, and over-
treating an entity that may not be related to the outcome we arc trying to
avoid, we may be neglecting a more appropriate target group on which to
focus preventive and/or therapeutic measures. Whiie, the usual clinical
criteria for making therapeutic decisions regarding management of GDM rcly
solely on blood glucose levels, the investigators are divided in their opinion

regarding the relationship between plasma glucose concentration and fetal
birthweight!l 15 16 17 18,

Because of its association with shoulder dystocia and birth trauma, it is
important to determine the factors for higher newborn birth weights. Rather
than focus on the diagnosis of gestational diabetes and its treatment with strict



glycemic control, perhzps we should devote more attention to the obese
mother, either in terms of pre-pregnancy counseling, or by treatment aimed
at changing the level of some still unknown circulating growth stimulating

factor.

Our ecfforts should be directed towards dctermining the precise etiology
of fectal macrosomia and thereafter devising appropriate therapeutic strategies
to prevent it, rather than trying to change the maternal metabolic milieu and

thercby hoping to contain the ncwbom's birthweight.

The challenge is not only to predict fetal macrosomia prenatally, but
also to evaluate any anthropometric disproportionality in such a newborn.
Modanlou et al.!9 and others?? 2! 22 have suggested that as the macrosomic fetus
grows, the size of the trunk increases out of proportion to the size of the head.
Shoulder dystocia and difficult ¢ livery have been correlated not only with a
higher birthweight but also with disproportionate growth in the newborn.
Anthropometric disproportion is more evident in the infant of a diabetic
mother even in one whose birthweight is below 4000g!°. One of the objectives
of our study was to determine the predictors of anthropometric
disproportionality. Pre-gestational diabetic subjects were excluded from this

study.

Clinical Relevance of Nomogram Tables

There is a scarcity of published information on newborn, normative
anthropometric measurements. Developmental process in utero is guided by
genetic and metabolic influences. Body proportions presumably reflect the

biochemical milieu and the nutritional balance in utero.

The role of newborn body proportions has been stressed in relation to
shoulder dystocia during vaginal delivery. Usher?3 expressed that the
diagnosis of abnormalities in body proportions such as achondroplasia,
hydrocephalous, and microcephaly could be made at birth with greater
accuracy if precise data were available on the range of variation in body

proportions of normal newborns.



CHAPTER 2

REVIEW OF THE LITERATURE
2.1
FETAL MACROSCMIA



A. DEFINITION AND INCIDENCE

According to the definition of the American College of Obstetricians and
Gynccologists (1991), all newborn infanis weighing 4500g or more arr
macrosomic. However, thc most common dcfinition of macrosomia is that of a
birthweight cqual to or cxceeding 4000g2* 25 26, Although an absolute weight
is casy to determine, it fails to consider the influence of gestational age on
birth weight. Defining macrosomia as large for gestational age (most
commonly greater than or equal to the 90th percentile of population birth

weight for a given gestational age) provides a partial solution to this problem.

Excessive birthweight is associated with an increased risk of maternal
and nconatal injury. It is likely that these risks exist on a continuum and
incrcase with birthweight; but rategorizing fetal weight as macrosomia versus
non-macrosomia based on the ¢ w:onstration of increased morbidity according
to an arbitrary cut-off level of weight can be helpful in devising appropriate

clinical strategies and therapeutic measures.

Normal birthweights for gestational age may vary with geographic,
socio-cconomic as well as ecthnicity factors?¢ 27, Worldwide, mean birthweights
range from 2400g among the Lumi of New Guinea to 3830g among the
Cheyenne in the United States®® 29,  According to 1990 Canadian figures from
tatistics Canada, 15% of all births result in newborns weighing >4000g30.
According to the census from the National Center for Health Statistics (1985),
10.92% of all births in the United States result in newborns weighing >4000g.
The incidence for newborns with birth weight >4500gs is 1.5%3%. Male

predominance among raacrosomic babies has been observed routinely.

Interestingly, the incidence of fetal macrosomia has been showing a
temporal increase over the past almost 50 years!® 3i(fig 1.1). The cause for this
incrcase has been attributed to better antenatal care, better nutritional status
of women and an increase in the proportion of term deliveries. In Canada, the
percentage of singleton prematurc (<37 weeks) births was 8.3% in 1972 and
5.3% in 198632. The mean birthweigiis of singleton infants increased by 4.1%
from 1972 to 198632. Of the singleton births, 6.9% of the infants weighed 2500g
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or less in 1972; the figure decrcased to 4.8% in 198632, It is therefore

reccommended that the birth weight norms be updated every 5-10 years.

The ctiology of fetal macrosomia is believed to be multifactorial.
Potential predictors of macrosomia are grouped under two categories, namely
genetic and metabolic!. The two categories can not be compartmentalized by
rigid boundarics, as it is becoming increasingly clear that the metabolic
milicu is largely influenced by the genetic makeup. As an example of the
metabolic type, macrosomia in the infant of a diabetic mother is characterized
by sclected organomegaly, with increase in both fat and muscle mass resulting
in a disproportionate incrcase in the size of the abdomen and shoulders.
However, head circumference is not altered. Thus, it is suggested that the
macrosomia of the insulin dependent diabetic (IDM) is asymmetric33 and the
macrosomic infant of a constitutionally big mother without carbohydrate
intolerance will demonstrate symmetric macrosomia i.e. excessive growth of
both the abdominal circumference and the head circumference. One of the
objectives of our study is to explore possible predictors of disproportionate fat

distribution in the newborns.

Among the other measures of fetal growth, Georgicff et al.3¢ concluded
that ratio of mid-arm circumference to head circumference (MAC:HC) is more
uscful than birthweight alone in assessing the quality of intrauterine
nutrition and the likelihood of metabolic complications in neonates whose
pattern of fectal growth has been accelerated or retarded. Among the
macrosomic infants, the MAC:HC has been shown to distinguish large-for-
gestational age (LGA) insulin dependent diabetes mellitus (IDM) infants from
LGA-non-IDM infants34.

Ratios like pon...al index (weight in kg x 100/length in m3) and mid-
arm circumference to head circumference (MAC:HC), are said to be relatively

free of the influence of race, gender and gestational age at term! 35




- %

B. DIAGNOSIS

So far, no single method or variable seems capable of predicting
macrosomia in the antenatal period with acceptable accuracy. Unfortunately,
the ability to predict macrosomia clinically remains poor, with only 35% of
large infants being identified by excessive fundal hcight mcasurcments3t,
Parks and Zie37 found that, of 110 macrosomic babics, thec diagnosis of
macrosomia was made prenatally in only 2C percent of cases. Gross et al.3°
evaluated the predictive value of 17 different factors in various combinations,
supposedly associated with shoulder dystocia in dcliveries with macrosomic
fetuses. The best classification obtained had a positive predictive value of only
15%. Thus the diagnosis of macrosomia is often not made until after the

delivery.

Detection of the macrosomic fetus using ultrasonographic techniques
also remains challenging. Although ultrasound can identify a group of fetuses
with significantly increased risk of macrosomia, no current formula has a
sufficiently accurate predictive value to be used independently in making
clinical decisions?®. The most widely used formula to estimate fetal weight
ultrasonographically is that of Shepard and colleagues3®, in which estimated
fetal weight is derived from the biparictal diameter and abdominal
circumference. This formula predicts fetal weight with an accuracy of less
than 25%. Tamura et al.4® showed that macrosomia when grcater than the 90th
percentile can be predicted in 74% of cases using the Shepard formula. Typical
accuracy in estimation of fetal weight near-term is +15%37. With an
inadequate knowledge about clinical predictors, it would need universal
screening with ultrasound at term to identify a LGA, which will be too
expensive even if somewhat accurate. Delpapa and Mueller-Heubach?!
analyzed outcomes of 242 women with sonographic estimates of fetal
macrosomia and concluded that cesarean delivery or early induction to avoid
continued fetal growth were inappropriate when based solely upon ultrasound
diagnosis. Others have also urged caution in the use of sonographic
estimations of fetal weight to guide obstetric decisions conceming labor and
delivery42,
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C. PATTERN OF FETAL GROWTH

Population differences in growth are the result of both environmental
and genctic factors, acting independently as well as synergistically. Enough
data has becen amassed from many world populations to show possible genetic
pattcrns in growth, and almost 38% of the variation in birthweights can be
attributed to heredity. The greater part of the variance, the remaining 62% is
attributable to environmental and other causes?? 44 The contribution of the
fctus's own genes in determining its size at the time of birth is small, and the
contribution of maternal factors, both genetic and environmental, is
overwhelming. However, obscrvations of human subjects and animal models 6f
mice suggest that the uterine effect on fetal growth occurs late in gestation
and probably does not affect the embryo during organogenesis. Recent
cxpericnce  with in vitro culture of embryos during the early stages of
organogenesis suggests that the growth rate is an intrinsic property of the

cmbryo not mediated by environmental influences*s.

Interactions between the uterus and the embryo for controlling fetal
growth rate are a feature of late gestation only. The rate of growth is modified
during the latter half of fetal life to produce a smooth progression in size.
Although diectary  recommendations for pregnant women abound, neither the
maternal macro or micronutrient requirements for optimal fetal growth nor
the interrelationships between them are adequately: understood. The enzyme-
mediated pathways modulating the use of nutrients for growth emerge at
different rates and in different sequences in each fetal organ. The fetal
growth is dcfinitely influenced by nutrient availability for the mother and
the fetus and the nutritional state of the mother before and during pregnancy.

From conception to delivery and beyond, the developing infant exhibits
circumferential and lincar growth resulting in continuous incremental
incrcases in volume and mass. Fetal growth may be viewed as a net integration
of stimulatory and inhibitory influences arising intrinsically and

environmentally.

The embryonic period, which occupies the first 8 postovulatory weeks,

is a time during which the structures of organs make their first appearance.

11




At the end of embryonic period the crown-hecl length is approximately 39-
47mm and the weight of the embryo is 2-2.7g%.

Crown-rump length (CRL) can be mcasured from weck 6 onward using
ultrasound. Growth of the CRL from 6 to 14 wecks of pregnancy shows a rapid
increase, doubling in size approximately every 10 days from 6-10 wecks, with a
linear increase in velocity of 1.4 mm/weck. During the 25th week, length
velocity is 1.0 cm/week, increasing steadily to 1.3 cm/weck between 31-32
weeks until 33-34 weeks. A gradual deceleration follows, so that in the 40th

week, linear growth velocity is 0.5 cm/weck?S.

Fetal weight is one of thc most significant indicators of fetal growth and
is linked with fetal well being. Fetal weight can be recorded dircctly and
accurately on fetal material ex utero and on neonates. However, accuratc
assessment of gestational age is difficult to ascertain. Ultrasound has proved an
immensely valuable tool for the study of fetal growth and physiology. Gender
specific fetal weight estimates considered along with gestational age estimatcs
ultrasonographically, provide the basis for recognition of normal/abnormal

fetal growth patterns.

First Trimester:
(a) Gestation Sac: 5 weeks gestation; fetal pole and cardiac activity by 6 wccks
gestation

(b) Crown-rump length(CRL): CRL<0.5cm size by 6wecks gestation; CRL is most
reliable measure of gestational age between 7-14 wecks after the last normal
menstrual period (LNMP)

Second and Third Trimester:

(a) Head Measurements: Satisfactory measurement before 20 weeks gestation
permits an accuracy of + 5 days in gestational age. Reliable predictions on
gestaional age can be made up to 28 weeks of gestation as the normal range of
head measurements is quite wide after that. The biparietal diameter (BPD)
shows a steady linear increase from the time it can first be measured using
ultrasound at 11-12 weeks to 28 weeks. The mean weekly increase drops from a

value of 3-4 mm at 11-12 week to less than 1 mm at 40th weck*S. Biparictal
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diameter is least affected by intrauterine starvation and is therefore a good

indicator of fetal maturity.

(b) Trunk Measurements and Head: Abdomen Ratios; Mecasurement of fetal
abdominal circumference at a planc just superior io the umblicus may be used
to assess both fetal age and fetal mass. Trunk measurements most accurately
reflect changes in liver size. The abdominal growth velocity increases rapidly
until 30 weeks gestation, after which the rate of increase diminishes in
synchronism with BPD*6. However, the rate of reduction in truncal growth

afer 30 weeks is much less than that of the head.

The ratio between the hcad size and the abdominal size is expected to
become abnormal in babies with asymmetric growth pattern because of the
brain-sparing effect during periods of under-nutrition or over-nutrition.
Hecad:abdominal ratio is an important measure of this aberrant growth pattern.
Ogata et al.22 showed that in a group of 23 insulin-sensitive diabetics, the BFD
mecasurements remained within normal limits, whereas abdominal growth was

excessive.

(c) Fetal Weight: The most rapid period of fetal growth is during the 20 weeks
between 12 and 36 weeks of gestation. Between 32 and 36 weeks, the rate of
fctal weight gain reaches its peak at 200-225g/week45. After reaching the
maximum weight gain, deceleration occurs. On average, deceleration begins
when the fetus reaches 3000g in weight, but there are differences in the level
of weight gained between populations. The formulae for estimation of fetal
weight are associated with a 95% confidence range of at least 10-15%. Thus the
predicted weight using ultrasonography would have to exceed 4,700g for all
fetuses above 4000g, to be accurately identified.

Among fetuses with abnormal growth patterns, subcutanecus fat may be
either reduced (IUGR) or increased (diabetic macrosomia). More commonly,
accelerated fetal growth, particularly of the abdomen, is an indication of

diabetic macrosomia.
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D. REGULATION OF FETAL GROWTH

Fetal growth is controlled by multiple influences of fetal, maternal and
placental origin, and their interactions. The complexity of the cnvironment in
utero makes it difficult to evaluate regulators of fectal growth singly. Howecver,
it is clear that some growth control in the embryo opcrates before any organ
takes form and is a function of the embryo's own constitution. Hormones and
growth factors appear to mediate the biological influences of many of these

factors at the cellular level after the stage of embryogenesis.

(a) Insulin and Fetal Growth

Insulin is synthesized by the fetus from late in the first trimester
onward, and insulin receptors are detectable from early in gestation. Insulin
secretion, however, is not responsive to changes in bklood glucosec levels until
the third trimester in humans. Although insulin has many anabolic actions
besides stimulation of glucose uptake (stimulation of amino acid uptake and
synthesis of protein, fat and glycogen), it does not stimulate mitosis of cultured
cells at concentrations near physiological range. It remains to be ascertained
whether the apparent cell-proliferative action of insulin found in vitro
culture of rat cells is mediated in humar fetus by somatomedins. Apparcatly,
insulin is permissive for fetal growth and its growth-stimulatory actions arc
mcdiated by its effect on carbohydrate, protein, and fat metabolism rather
than through direct stimulation of cellular proliferation4’. Hyperinsulinimic
infants of diabetic mothers may have increased birth weight but usually do
not have increased birth lengths, so the incrcase in weight is primarily

attributable to accumulation of fat in adipocytes.

(b) Insulin-Like Growth factors and Fetal Growth

Recent research has focused attention on the potential importance of
insulin-like growth factors (IGF) in fetal growth. Insulin-like growth factors
IGF-1 and IGF-II are small molecular weight peptides with both mitogenic and
metabolic properties. These peptides resemble proinsulin in structure and arc
thought to regulate cellular proliferation and other anabolic processes in
many tissues8. These factors exert their physiological functions through an
endocrine as well as an autocrine/paracrine mechanism of action. It is

presumed that the IGF levels in plasma regulate the overall growth status,
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while locally produced IGFs are important for cell proliferation in specific
tissues?® 50, IGFs circulate in association with specific binding proteins
(IGFBPs) which are thought to modulate the availability and the biological
cffects of IGFs on target tissues’!. IGF binding protein-3 is onec of the six
IGFBPs identified to date.

Nutritional factors are weil-known to alter the concentrations of IGF-I
and IGF binding protcins32. Such factors may be significant during pregnancy
and be altered by diabetecs. However, it is debatable whether systemic IGF-1
contributes to the rcgulation of intra-uterine growth or it is a product of the

developing feto-placental unit.

Previous studies have investigated IGF levels in maternal and cord
blood, though often with conflicting results. Ashton et al.’3 in 1985 and morc
recently, Lassarre et al.54 in 1991 found correlations between body weight,
somatomedin activity and IGF levels in cord blood. Both found a significant
correlation between IGF-I1 levels and fetal weight, but no such relationship for
IGF-11.

(c) Placental Hormones and Fetal Growth

The placenta is an extraordinarily active endocrine gland that regulates
fetal growth in many ways. In addition to its role in maternal-fetal
steroidogenesis, the placenta synthesizes peptides that are homologous with
hypothalamic rcleasing factors, pituitary hormones, and growth factors.
Human placental lactogen (hPL) shares 91% homology with human growth
hormone and is a weak promoter of growth in a variety of experimental

systems.

(d) Fetal Growth & Interaction among Classic Hormones and Growth Factors

Many of the growth effects resulting from administration of growth
hormone are apparently mediated by somatomedins. Tissue concentrations of
cpidermal growth factor and nerve growth factor are dependent on thyroid
hormones and fibroblast growth factor is synthesized in response to
glucocorticoids. The somatomedins might be dependent on placental lactogen
and prolactin, as well as nutritional status and possibly thyroid hormone and

insulin for their production and action. Growth factors may be considered
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mediatory hormones, mediating the action of classic hormones on target

tissues3s.
(E) PREDICTIVE FACTORS FOR NEWBORN MACROSOMIA

(1) Maternal Pre-Pregnancy Weight

With an overall incidence of macrosomia of 1.7 per 1000, Spellacyect al.® found
that only 5.1% of infants weighing more than 4500g wecre born to womca with
gestational diabetes. By comparison 44.6% wecre born to obcse women and

10.8% to women beyond 42 weeks gestation.

Frequency of macrosomia with single associated
high-risk factors

Table 2.1
Risk condition No. of women % Macrosomia* with
with single risk condition each risk factor

Postmature > 42wk 1154 54

Obese > 90kg 3168 5.6

Gestational diabetes 453 6.4
Insulin-dependent 184 9.2

diabetes

Obese > 112.5kg 487 10.0

*macrosomia defined as birthweight>4500g

................................................................................

Spellacy et al. also reported that for women weighing more than 90 kg,
the percentage of obese women were 8.2% for 2500-3500g infants; 33% for
4500-5000g infants; and 50% for infants who weighed more than 5000g8.

In another study among patients selected not on the basis of glucose
intolerance, univariate analysis revealed a greater frequency of macrosomia
among obese mothers than among non-obese mothers®¢., Even among
gestational diabetics, a positive association has been demonstrated between
birth weight and maternal pre-pregnancy body mass index (BMI)!® 37 percent
ideal body weight’7 and absolute weight26, When grouped by pre-pregnancy
BMIs, no significant differences were found in the incidence of LGA nconates

between infants of gestational diabetics (treated) and those of non-diabetics3®,
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(2) History of Macrcsomia in the Past
There is an increasecd risk of delivering an infant weighing more than 4000g

if a prior infant weighed more than 4000g2¢ 8,

(3) Weight Gain

Weight gain during pregnancy is directly proportional to birthweight, though
the causal pathway is complex when relationship with pre-pregnancy weight
is considered. Independent positive associations between fetal macrosomia and
both pre-pregnancy weight and gestational weight gain  have been

demonstrated’® 0,

(4) Glucose Intolerance

Macrosomia has long been the hallmark of diabetic fetopathy. Among infants
weighing more than 4000g, the shoulder circumference and abdominal
circumference of infants of the diabetic mothers are significantly greater
than those in infants of the non-diabetic mothers!® 31, Preferential growth in
insulin-sensitive tissues (e.g. adipose, liver) probably accounts for some of
these differences in growth patterns. It is a significantly important

contributing factor to shoulder dystocia among the diabetic women.

Pathophysiology:

According to PedersenS! hypothesis which postulates that diabetes mellitus
lcads to fetal hyperglycemia through transplacental transport of excessive
amounts of glucose from a  hyperglycemic mother. Fetal hyperglycemia in
turn leads to fetal hyperinsulinemia, increased anabolism and fat storage. This
concept was later expanded by Freinkel®2 to include the concept of a
generalized metabolic disturbance, in which other fuels (fats and amino acids)
arc also thought to be involved. Some investigators have found that cord blood
insulin and C-peptide levels are increased and this has been interpreted as
confirming enhanced fetal pancreatic islet cell activity, leading to fetal

macrosomia%’ 63 64 65,
Maternal plasma substrate profiling, although important to the

understanding of metabolic control in GDM, does not quantitate the fluxes of
glucose, amino acids and lipids from the maternal circulation into the
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placental-fetal unit and their ultimate metabolic disposition and impact on
feta® size in diabetic pregnancies. The following chart (fig 2.2) illustrates the
proposed scheme linking GDM and macrosomia.

Fig 2.2 Proposed scheme for the development of fetal macrosomia in
gestational diabetes mellitus

Gestational Diabetes

Mellitus
Increased Maternal Plasma
@—  glucose >
«@— amino acic: >
free fatty acids —_——p
triglycerides >
other substrates P
Placenta }
Y Feta Fetal v

Hyper-insulinemia Substrate Plethora

FETAL MACROSOMIA
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Pathophysiologically, GDM may differ significantly from pre-
gestational diabetes mellitus. In one study using regression analysis, only 4%
of birthweight was attributable to maternal glucose intolerance$® among

gestational diabetics.

The reiazionship between maternal glucose levels and fetal macrosomia
has been explored in several publications. Some have failed to demonstrate
any significant relationship,!! 67 68 69 while others have found a positive
corrclations 7 71 72, Lekin et al.’3 found that patients who had an elevated
1-hour glucose challenge test (GCT) value but normal oral glucose tolerance
test (OGTT) results, delivered macrosomic babies significantly more than those
having normal glucose screens. A progressive positive relationship between
macrosomia and the 2-hour value on normal GTTs has also been reported’?.
These studies are in conflict with the one demonstrating a lack of relationship

of neonatal macrosomia with either GCT vrlues or single (2-hour) value on a
GTT75. Neither is there enough evidence to prove that screening or treatment

for GDM reduces perinatal morbidity associated with macrosomias 77677, It is
difficult to make meaningful comparisons between these studies because of
substantial differences in observational content or study design among studies

dcaling with this topic.

(5) Gestational Age
Spcilacy? found an association of post-term pregnancy with macrosomia (see
table 2.1 above). An increased risk of shoulder dystocia among post-dated

macrosomics has been reported by Acker et al.’8 and Johnson et al.5é.

(6) Ethnicity

Dooley ct al.”8 examined 92 subjects for influence of race on newborn's
birthweight. They found that despite comparable degrees of carbohydrate
intolerance across racial groups, mean birthweight was found to be highest in

Hispanics and lowest in Blacks and Orientals’3.

(7) Muitiparity

Parous women are overly represented among mothers of macrosomic babies!,
but it has not been determined whether parity is an independent predictor or
is related through other factors, such as age.
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(8) Male Sex

Male sex may be a risk factor. In most studies of fetal macrosomia, 60-70% of
macrosomic babies are male® 7 In our study, sex-spccific weight curves on
gestational age hLave been used to make the diagnosis of largc-for-gestational

age, thercfore .voiding bias due to overrcpresentation of male babies.

(9) Maternal Height
The effect due to maternal height probably represents a small but important

contribution due to constitution of the mother® 59,

(10) Paternal morphometric measures

These morphometric measures haven't yet beer fully explored, but have been

shown to be likely predictive factors$4 81,

F. OTHER MEASURES OF FETAL GROWTH

Ponderal Index (P.I.= weight in kg x 100/length in m3)

Ponderal Index assesses relative fatness or thinness by quantification of
the dissociation of weight and length. lts use may be he!pful as it is relatively
independent of the influence of sex, race and gestational age at term35. The
distribution of infants by birthweight differs significantly from the
distribution by ponderal index. The P.I. is equal to, if not supcrior to
'birthweight for gestational age' as a tool to predict nconatal morbidity
including asphyxia, acidosis, hypoglycemia and hypothermia in SGA babics33.

Mid-Arm Circumference (MAC) &
Ratio of Mid-Arm Circumference to Head Circumference (MAC:H()

Sasanow et al.82 have shown that there is a predictable lincar risec in
both the MAC and MAC:HC with increasing gestational age and birthweight.
MAC has been reported to be more accurate than birthweight, length and hcad
circumference in discriminating between appropriate for gestational agce
(AGA) and small for gestational age (SGA) babies?3.
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MAC:HC asscsses body proportionality based on the principle of relative
sparing of head growth compared with that of the muscle and fat during
periods of under or over nutrition. The increase in MAC and in MAC:HC with
gestational age reflects the deposition of fat stores in the upper arm as the
percent body fat increases from less than 1% at 24 weeks to 14% at term®4,
MAC:HC has a thcoretical advantage over ponderal index in reflecting body
proportionality because it represents a ratio between the mid-arm
circumference, an anthropometric measurement markedly affected by
changes in nutriti -nal status, and head circumference, the measurement least
affected by nutriional status. The denominator in ponderal index, length3 is
not so much independent of the influence of nutritional status just as the

numecrator, the body weight.

G. MORBIDITY AND MORTALITY ASSOCIATED WITH
MACROSOMIA

The risks of newborn macrosomia include increased incidence of
cesarcan scction, birth trauma with attendant morbidity due to shoulder
dystocia, trauma to maternal pelvic soft tissue following traumatic delivery

and possibility of obesity in later life in the newbom3 38

Passage of the macrosomic baby through the birth canal may be
associated with significant fetal morbidity and rarely even mortality. Studies
from the 1970s and 1980s reveal neonatal mortality rates for macrosomic
babies in the range of 2-3%, which is higher than that for controls of lower
birthweights85, In general, more recent studies have not notec any increased
mort i1 duc to birth irauma in macrosomic babies?S 8. Macrosomic babies
are noi. more prone to birth asphyxia other than that due to the increased risk
of birth trauma. The clinical relevance of macrosomia lies in its association
with birih trauma; for example birthweight over 4000g has been associated
with a risk of shoulder dystocia of 4.7% which increases to about 9.4% for
infants weighing over 4500g, while birthweight under 4000g is associated with
a shoulder dystocia rate of 0.3%%.

Maternal morbidity related to the birth of a macrosomic fetus is

predominantly that associated with cesarean delivery or trauma to pelvic soft



tissue following a traumatic delivery. Spellacy et al.® in 1984 found cesarcan
section rate of 34% in women delivering infants weighing >4500g compared
with 17% in mothers of babies weighing 2500-3499g. The increasced incidence
of cesarean delivery secms to be primarily related to dystocia. Given that the
current methods for estimating birthweight prior to delivery arc not
dependable, it is not known whether the incrcased rate is rclated to the actual
size of the infant or to the anticipation by the physician of a difficult delivery.
Levine et al.%® conducted a study in 1990-91 to dectermine whether the
sonographic diagnosis of an LGA fetus at term affected obstetric management.
They found that the sonographic prediction in that series was incorrect in
half of the cases. The incorrect sonographic diagnosis of an LGA fctus had a
statistically significant effect or both the diagnosis of labor abnormalitics
(18% vs. 29%, p=.04) and the incidence of eclective cesarcans (12% vs. 27%,

p=.04) in pregnancies with appropriate for gestational age birthweights.

The reported rate of macrosomia in infants of women with GDM varics
from 0.7%52 to 25%’!, depending on the criteria for diagnosis of macrosomia.
The mean birthweight for infants of gestational diabetics in the United States
was 3466g, ~ompared with a mean birthweight [or normal infants of 3336g%9.
The clinical significance of this 130g difference in birthweight is dcbatable.
In addition, the influence of other confounding factors on any difference in
birth weight has not been assessed. A review?? of many studies revealed a
higher incidence of macrosomia in infants of women with GDM when
compared with a control group (whatever way control group mav be chosen).
However, in most of the studies reviewed, the control group was not maiched to
the experimental group on various maternal characteristics that are known 10
produce confounding effects on the outcome of macrosomia. Further
Stephenson?® has also pointed out that in terms of morbidity, macrosemia could
actually be only an intermediate outcome measure in a GDM woman; and birih
trauma, the ultimate morbidity of concern is dependent not only upon the size

of the baby but also on materno-pelvic factors and pattern of labor.

Glucose intolerance in pregnancy has also been linked to asymmectric
fetal growth, which may cause over-development of the shoulders cven if the
birthweight is within normal limits. Modanlou et al.!® showed that nconates of

diabetic mothers experiencing shoulder dystocia had significantly greater
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shoulder-to-head disproportions compared to equally macrosomic infants of
non-diabetic mothers delivered without dystocia. However, none of the studies
rclating glucose intolerance to birth trauma have differentiated pre-

gestational from the gestational form of diabetes mellitus.

In three case-control studies that compared macrosomic infants with
normal infants, macrosomic infants were 3-fold®!, 9-fold®2 and 19-fold?* more
likely to have shoulder dystocia. This wide variation in rates raises questions
about the methodology of the studies and the definition of shoulder dystocia
used. Levin et al.%2 retrospectively studied 13,870 singleton live births. The
incidence rates of brachial plexus injury and clavicular fracture were 2.6 and
2.0 per 1000 respectively. In the group without trauma, 5.5% of the infants had
macrosomia as compared with 38.9% of those with brachial plexus injury and
21.4% of those with clavicular fracture. Boyd, Usher and McLean®! also found
that brachial plexus paralysis and clavicular fractures are more frequent in
infants weighing more than 4000g than in smaller infants 2.5% v 0.01% and
55% v 0.06% respectively). Again most of these studies have related birth
{rauma to macrosomia or to diabetes mellitus and have not distinguished
prcgestational IDM from GDM. The confounding factors known to influence
birthweight such as fetal gender, parity, smoking status, age, ethnicity, type
of labour, w.aternal weight and degree of glucose intolerance have not been
taken into account. Johnson and colleagues reported that in pregnant women
weighing more than 250 pounds, tae incidence of shoulder dystocia was 5.1%
compared with 0.6% for control women who weighed less than 200 pounds?S.
Coustan and Imarah? in study of the prophylactic insulin treatment in GDM
subjects, found the incidence of birth trauma (shoulder dystocia, Erb's palsy,
cephalhematoma, soft tissue injury) to be 4.8% in the insulin-treated group,
13.4% in the diet-treated group, and 20.4% in the untreated group (p<.05). In
this study, there was no true random allocation of patients into the three
catcgorics of ‘trcatment with insulin and diet’, 'diet al.one' and ‘'untreated’, and
also there was a lack of uniformity of gestational age at the time of
recruitment i.c. patients anywhere between 20-36 weeks of gestational age
were recruited.  Data on plasma glucose levels during treatment in pregnancy

was not available, making the results all the more suspect.
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H. PREVENTING MACROSOMIA

Maternal caloric restriction has been proposcd as a means of decreasing
the supply of fetal substrate. Although there is a reported reduction in the
incidence of macrosomia following reduction in caloric intake%3 13 the
results are inconclusive because none of the trials have bcen properly
controlled.

Obstetricians have sought early or planned inductions in infants
suspected to be large for dates especially in women with impaired glucose

tolerance. There are following objections to this strategy:

(1) Positive predictive value for identiliving fetal macrosomia by both, the
clinical and the ultrasonographic methods is inconsistent and is less than 50%
at its best36 37 38 39 40,

(2) Potential for harm exists in terminating pregnancy before full-term. This

strategy has not been examined by randomized, controlled trials.

Another strategy to reduce fetal weight gain has been the use insulin to limit
the availability of substrate to the fetus. There are thrce objections to the usc

of insulin for preventing macrosomia:
(1) There is a potential harmful effect of insulin on the infants of women with
lower levels of glucose intolerance; e¢.g. Langer!'® reporicd a higher risk of

developing small for gestational age babies with increasing use of insulin.

(2) Despite insulin treatment, obese women have shown a higher incidence of

macrosomia when the data were stratified by maternal glucose lcvels94.

(3) There is also that risk of introducing undetected hypoglycemia in the
mother in early pregnancy
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CHAPTER 2

REVIEW OF THE LITERATURE

2.2
GESTATIONAL DIABETES MELLITUS
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A. DEFINITION AND PREVALENCE

Gestational Diabetes Mellitus (GDM) is defined as carbohydrate
intolerance of variable severity with onset or first recognition during
pregnancy. This definition was proposed by the National Diabetes Data Group,
endorsed at the Second International Workshop-Conference on GDM and
reaffirmed in 1986 by the American Diabetes Association. The definition
applies irrespective of the mode of treatment instituted. It docs not exclude the
possibility that the glucose immolerance may have antedated the pregnancy. By
this definition, GDM occurs in about 1-3% of all pregnancics. As assesscd by
conventional diagnostic mcthods, it affects approximately 11,000 Canadian
women per year. In three community based studies, the prevalences were
0.31%95, 1.2%%6 and 3.1%97. Estimates of prevalence vary with the ethnic
diversity of the population, the geographical area, the screening and the
diagnostic test criteria. However, in general the glucose intolcrance is mild
and postpartum testing will reveal normal carbohydrate tolerance within 6
weeks in 95% of the cases. Importantly, about 40-50% of women with GDM
ultimately develop overt diabetes in later 1ife?5 98 and there is mounting
evidence for long range complications that include obesity and diabetes in

offspring born to these women?%9.

An important correlate of glucose intolerance in pregnant women is
obesity. Johnson3 and colleagues reported that 8% of 588 women who weighed
more than 250 lbs had GDM compared with 1% of women who weighed less
than 200 lbs. Age also is an important contributing factor; Mestman!®? in 1980
reported that thc incidence of gestational diabetes was 3.7% in women younger
than 20 years, 7.5% for those between 20-30 years and 13.8% for women older
than 30 years.

B. ETIOLOGY AND CLASSIFICATION

GDM represents a complex interrclationship and interaction of the
genetics of susceptibility to various types of glucose intolerance and the
normal metabolic and hormonal alterations of pregnancy. GDM is a
heterogeneous disorder representing, at least in part, patients who arc

destined to develop either IDDM (insulin-depenic¢at-diabetes mellitus) or
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NIDDM (non-insulin-dependent-diabetes-mellitus) in later life!®! 102
Pregnancy has been described as a ‘controlled stress' state. The pregnancy
related hormones (cortisol, progesterone, human chorionic
somatomammotrophin, prolactin and estradiol), the so-called  stress hormones
result in excessive fuel dclivery to maternal circulation that can not be
metabolized and therefore results in hyperglycemia, hyperlipidemia,
incrcased ketone formation, and lactic acid formation. Insulin which is also
incrcased in pregnancy, attempts to produce and store protein, fat and
glycogen. Any imbalance between these two processes would result in

hyperglycemia.

It has been suggested that GDM could be due to decreased insulin
receptor binding to target cells or increased resistance to insulin, with a
rclative lack of circulating insulin103 194, Weiss and Coustan!%5 have provided
ample evidence that the diabetogenicity of pregnancy is related to a
pronounced peripheral resistance to insulin. The resistance is probably
brought about by cellular effects of the high plasma levels of nne or more of
the pregnancy associated hormones. There is also support in the literature for
decrcased binding affinity of the insulin receptor, a post receptor defect, or
incrcased removal of insulin from the circulation, as contributors to insulin
resistance!%6 107 Most pregnant women are able to counteract the insulin
resistance by a compensatory increase in both basal and nutrient-stimulated
insulin secretion. However, a few seem unable to produce a sufficiently large

increase in insulin secretion, and therefore glucose intolerance occurs.

Hence, this insulin resistance of pregnancy may unmask sub-clinical
defects in carbohydrate homeostasis, not manifested in the non-gravid state.
Normal pregnant women and normal weight gestational diabetic women have
comparable fasting insulin levels, whereas the levels in obess GDM are
considerably higher. The metabolic responses of the obese GDM women differ
from those of the lean GDM women, emphasizing the heterogeneity of this
disorder. The current classification of GDM includes two subgroups- Class Aj
and Class Aj2. Differentiation between the two groups is based upon fasting

blood glucose values.



Classification of GDM

Table 2.2

Class Fasting Plasma Post-prandial Plasma
A-1 <5.8mmol/l1 and <6.6mmol/l

A-2 >5.8mmol/l and/or >6.6mmol/l

C DIAGNOSIS OF GDM

The diagnostic criteria used to define carbohydrate intolerance in
pregnancy vary between countrics and institutions. The protocol being
followed at most Canadian institutions has been adapted from the proceedings
of the third international workshop-conference on GDM held in 1990.
Guidelines for GDM screening and treatment have been provided by the
Society of Obstetrics and Gynecology (SOGC) of Canada and the Canadian Task
Force on Periodic Health Examination!® in 1992. Both sources cast doubt on the
validity of currently uscd diagnostic criteria and treatment approach.
Diagnosis involves a universal screening glucose challenge test followed by a

definitive diagnostic test if the screen test is positive.

Protocol For Glucose Screen Test (GCT)

1. The test is given between 24-28 wecks of gestation to all women not
diagnosed as glucose-intolerant up to that point. The test is donc rcgardless of
fasting or fed state.

2. A 50-g oral glucose load is administered orally.

3. Venous (not capillary) blood is drawn 1 hr later, and thc plasma glucosc
level is measured. A value of 7.8mmol/l (140 mg/dl) or more is considered

positive and indicates the need for a full oral glucose tolerance test.

About 15% of all pregnant women have an abnormal 1-hour screening
test and 15% of these willi be found to have GDM defined by at least two
abnormal values using the results of oral glucose tolerance test. This method of
screening has a sensitivity of 79%, and a specificity of 87%!'0%. Thc scnsitivity
is 96.6%, when the borderline value is 7.22 mmol/l and 20.6% of all pregnant
women would need an OGTT!!'?, It has been considered that diffcrent
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thresholds are required for adequate sensitivity in different obstetric
populations.

In North America, the definitive diagnostic test for GDM is a 100-g OGTT
interpreted according to the National Diabetes Data Group (NDDG) criteriall!
set in 1979. In 1982, Carpenter and Coustan proposed stricter criteria for the

diagnosis of GDM!''%; their values are also widely applied.

Protocol for Oral Glucose Tolerance Test (OGTT)

1. The oral glucose tolerance test is done after at least 3 days of
unrestricted diet (>=150 g carbohydrate) and physical activity.

2, A 100-g oral glucose load is given in the momning after an overnight
fast of at least 8 hrs but not longer than 14 hrs.

3. The venous plasma glucose level is measured at fasting and at hourly
intcrvals for 3 hrs while the patient remains seated. Smoking is not allowed.
4, For diagnosis, two or more of the following plasma gl.cose

concentrations must be reached or exceeded:

Criteria for Diagnostic Test-OGTT

Table 2.3
Time After OGTT Glucose Level

NDDG Criteria Carpenter and Coustan
At fasting >5.8 mmol/l (105 mg/dl) >5.3mmol/l (95 mg/dl)
After 1 hr >10.6 mmol/l (190 mg/dl) >10mmol/l1 (180 mg/dl)
After 2 hr >9.2 mmol/l (165 mg/dl) >8.6mmol/l (155 mg/dl)
After 3 hr >8.1 mmol/l (145mg/dl) >7.7mmol/l (140 mg/dl)

There is a lack of international agreement with regard not only to
treatment but also diagnostic criteria of gestational diabetes mellitus.
Conscnsus is not possible without agreement on the objectives in making the
diagnosis. In the present context, the diagnosis is deemed to be important as a
risk factor for adverse perinatal outcome in pregnancy; though the most

commonly used criteria for an oral glucose tolerance test in North America
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were validated by their predictive value for the subsequent development of
overt diabetes in later years and were based on a statistical approach to the

definition of nommality rather than on an adverse outcome.

The search for an ideal and cost-effective method of screening and
subsequently diagnosing gestational diabetes continues in light of the fact
that the present approach is neither as sensitive nor as specific as would be
desirable, if the purpose is to reduce perinatal morbidity significantly. There
remains a lack of consensus about the ideal threshold value for the GCT, testing
in the fasting vs. fed state or using selective or universal scrcening!!3 14, Part
of the problem with GCT!!4 and OGTT!!3 is their luck of reproducibility. The
most notable objection to this recommended screen is that the cut-off plasma
glucose level was arrived at by comparison with an abnormal glucose
tolerance test, and not by ideniifying women with increased perinatal
morbidity.

In a thorough review, Naylor!!13 pointed out major methodological flaws
in generalization of O'Sullivan and Mahan's work. The OGTT, which is the gold
standard for the diagnosis of glucose abnormality, has its own limitations. The
criteria for the OGT test were derived in the 1950s from an unrepresentative
sample of women tested predominantly in the later stages of pregnancy.
Measurements were made with the now outdated Somogyi-Nelson whole blood
glucose technique, and test translation errors are present in the threshold
values proposed for modern plasma glucose oxidase methods. The threshold
values were set on an arbitrary statistical basis by adding 2SD to the mcan
whole-blood glucose for each time stage of OGTT. The other limitation of this
diagnostic test is that the reproducibility of OGTT results has not becen
determined. The reproducibility of OGTT is good in only about 70% of pregnant
women with normal carbohydrate metabolism. In women with impaired

glucose tolerance (IGT) or GDM, the reproducibility is even less!'!o,

Although GDM is now diagnosed with a view to adverse maternal-fetal
outcome in the index pregnancy, the criteria for a positive test were validated
with respect to the maternal risk of developing glucose intolerance over the

ensuing 8 years as shown by a 75-g OGTT in the non pregnant state.
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D. PERINATAL MORTALITY AND MORBIDITY
ASSOCIATED WITH GDM

It was not until 1973 that O'Sullivanet al.85 attempted 1o link an
abnormal glucose tolerance test to perinatal mortality. When the authors
analyzed perinatal mortality according to age, weight, and glucose tolerance,
thcy noted that the increased perinatal mortality rate (PMR) in the presence
of a positive glucose tolerance test was confined to women aged 25 years or
more, and also was more common among obese women (refer to table 2.4). It is
notable that there was no perinatal mortality in gestational diabetic women
aged less than 25 years. Authors were of the opinion that both maternal age
and weight play a comparatively minor role in negative control patients as
comparcd with gestational diabetic patients but no plausible explanation for

this dichotomy was provided.

PMR and Maternal Age & Weight in normal and
gestational diabetic subjects

table 2.4

Percent
Age Relative Positive OGTT Negative OGTT

in__years Weight
M
Perinatal Deaths

numbers % numbers %
<120 0/40 0 2/138 1.4
25 >120 0/13 0 1/33 3
>25 <120 4/54 7.4 0/54 0
>120 8/80 10 1/34 39
All Paticnts 12/87 6.4* 4/259 1.5%

Major objection to that landmark study is that the two groups being
comparcd have been selected from different time periods. Gestational diabetic
population was selected from 1962 to 1970; whereas the control population was
a systematiclly selected control group picked over a 15-month period starting
in 1967. Interventions to the two groups of subjects were also not same. Control
group was not matched to the gestational diabetic group on any confounding
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variables, such as gestational age, maternal age, obesity, and socioeconomic
status. It may well be these variables that caused the perinatal mortality rate of
6.4% in women with gestational diabetcs, and not the presence of GDM per se.
In addition there was no mention of the cause of decath or the age of the
neonate at the time of death. The impact of different time periods for sclection

of controls vs. cases on perinatal mortality was also not examincd.

Gabbe et al.3 compared the peripatal dcath ratc among the
infants of 261 women with GDM (followed up between 1970 and 1972) with the
rate in the general population of the same hospital. The rates were 32 and !9
per 1000 respectively. Sutherland and Stowers'!s in 1975 reported results of
1800 intravenous glucose tolerance tests done on 1600 women during
pregnancy with various indicators suggestive of diabctes. The study
highlighted that the rate of fetal loss increases eight fold (p<.001) as the
number of indications for glucose tolerance testing incrcase from onc to four,
and that the risk of fetal dcath for each indication is not revised significantly
by the presence or absence of glucose tolerance. It is quite possible that the
increased risk of perinatal mortality is predicted as much by the indication for
glucose tolerance testing, as by the test result itself. In the existing literature
linking GDM with perinatal mortality and morbidity, the confounding cffects
due to maternal characteristics, such as obesity, ethnicity, pre-existing

diabetes and hypertension, are hard to discern and quantify.

In past studies, PMR ascribed to glucose intolcrance has ranged from
0%70° to 28.5%''6, but three mazjor factors affect these ranges:

First is the general decline in PMR to the current overall PMR in Canada of 5.7
per 1000 total births for birthweight of 1000 g or greater30.

Second, studies have insufficient power to dectermine whether PMR s

(statistically) significantly higher in women with GDM.

Third, a review of the literature demonstrates that studies on mortality have

failed to control for other prognostic factors like nconatal weight and
gestational age!!s,

32



Therefore the actual PMR due tc glucose intolerance has remained
unascertainable. A prospective, randomized, controlled trial (RCT) with
perinatal mortality rate as its primary outcome will be ideal to draw
conclusions regarding the relationship between perinatal mortality rate and
the diagnosis of GDM. But the sample size for such a design would be

unfeasible.

Coustan and Imarah? analyzed retrospectively the outcome of 445
prcgnancics involving women with gestational diabetes managed between
1975 and 1980. Three therapeutic interventions were compared: a classic
prenatal diet not specific to diabetes, a strict diabetic diet and fixed insulin
therapy in addition to the diabetic diet. Adverse outcomes were less frequent in
the insulin group than in the untreated group and the diet-alone group. The
insulin group showed reduction in the rate of macrosomia, operative delivery,
and birth trauma. These study results need a closer scrutiny in view of the fact
that the confounding variables were not taken into account, and aiso, a woman
had to have at least two of the classic risk factors for GDM to be included in the

study.

Thompson et al. randomized subjects to treatment with diet al.one versus
diet and insulin!'!?. The mean birth weight was significantly reduced in the
insulin trcated group by 414g (p=.002) and the incidence of macrosomia
(>4000g) reduced by 20% (26.5% vs. 5.9%, p<0.05). This difference was most
pronounced in mothers weighing >200lbs. There was no difference of maternal
glycemic levels between groups. There was also no difference in operative
delivery, shoulder dystocia; or neonatal hypoglycemia, hypocalcemia or

hyperbilirubinemia.

Fctal morbidity measures of metabolic disturbances such as
hypoglycemia, hypocalcemia and hyperbilirubinaemia may!® 119 or may not
be26 120 related to GDM; the available relevant literature is conflicting. Though
the short-term and the long-term effects of hypoglycemia are unclear, still
hypoglycemia is a frequently cited cause of neonatal morbidity in infants of
women with GDM. In the literature the incidence ranges from 0%!2! to 20%!22.

A review of these studies reveals that:
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1) study samples were small

2) confounding variables like gestational age and b.rthweight were
not always taken into account e.g. a study by Lubchenco revealed an
incidence of hypoglycemia of 66.7% in infants who were small for
gestational age, compared with only 4.2% in infants who were large for
gestational agel23,

3) most of these studies have not differcntiated between gestational
and pre-gestational diabetes mellitus.

4) maternal treatment with ‘nsulin may confound thc results

5) there are few data on the prognosis of patiecnts with mild or
asymptomatic hypoglycemial?4,

Hypocalcemia is the next most commonly cited nconatal complication of
GDM, with a reported occurrence of 0%-10%!'2! 125, Generally, as the quality of
study design improves, the recported rate of hypocalccmia in the study falis.
Hyperbilirubinaemia of >12 mg/dl occurs in 6%'26 10 50.6%2° of nconatcs of
GDM mothers, a rangc similar to that in the control group. In the pa: |
iatrogenic prematurity among babies of GDM mothers may also have bcen

responsible for hyperbilirubinacmia.

In addition to the above, other yet unresolved adverse perinatal outcome
includes congenital anomalies. Infants born to insulin-dependent diabetic
mothers have a 2 to 7.9 times higher risk of having major congenital
malformations!?’, GDM, on the other hand does not seecm to be associated with
an increased incidence of birth defects!'28., A propensity to dcvclop futurc

obesity and diabetes mellitus has been noted in the progeny of women with
GDM?%.

E. MATERNAL MORBIDITY

It is likely that GDM alone does not causc any maternal morbidity
related to pregnancy. Some of the older literature suggests an association
between GDPM  and pre-eclampsial?4, but others have refuted this in thc more
recert literature!??, Also, the quoted increased risks of pregnancy induced
hypertensicn, postpartum hemorrhage etc.. have not been determined in

randomized, controlled trials. Investigators have shown that patients with
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gesiational diabetes mellitus are at an increased risk of developing diabetes
later in life%® 99. O'Sullivan3’ has shown development of overt diabetes beyond
20 ycars following pregnancy among GDM women to be as high as 20% and

that of impaired glucosc tolerance to be 50%.

With the literature being unclear about the frequency of lethal or
potentially harmful outcomes to the neonate or the gestational diabetic
herself, focus is shifted onto intermediate outcomes such as macrosomia or
biochemical changes in the fectus. But the actual impact of these intermediate

outcomes on the nconatal morbidity is still unknown.

F. MANAGEMENT OF GDM

Management Rationale

The purpose in managing the pregnant diabetic is to normalize the level of
blood glucose to level of a non diabetic individual with the premise that

cuglycemia will  ntin ze the pregnancy outcome.
Therzpeutic  Strategy

Treatment is two-pronged and includes increased fetal surveillance as well as
glycemic control. The relative independent impact of each modality of the
therapeutic strategy on the overall prognosis is difficult to determine.

The two arms of treatment as practiced today are:

1 Metabolic Control
Il Fetal Surveillance
I Metabolic Control:

The Second International Workshop-Conference!* on GDM in 1985
reccommended that, once diagnosed, women should first receive dietary

therapy.
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Pregnant women without persistent fasting hyperglycemia (class Ajp)
but with an abnormal OGTT, are treated typically by dict al.onc. The suggested
kilo calorie level ranges between 25-30 kcal/kg of the desired body weight
during the first trimester and is about 30 kcal/kg during the sccond and third
trimesters of pregnancy. Pregnant diabetic women who exercise regularly or
who are moderately physically active may requirc 35 kcal/kg of the desired
body weight to achieve the recommended weight gain. The mecal schedule
must take into consideration patient's lifestyle, food preferences, cthnic

background, pre-pregnancy weight, and wecight gained du-ing pregnancy.

The diet should be based on the patient's idcal body wecight. Controversy
xists about the best intake for those who are overweight!3 131 Reports of
infants with low IQs being born to healthy women who developed ketonuria
during pregnancy!!” have raised concern about reducing the intake of
calories or carbohydrates. However, the study by Churchill et al.'32 has been
widely disputed due to the methodology used and the question of
chorioamnionitis causing intellectual impairment. And also more rccently in
1991, Rizzo et al.!33 found no relationship between maternal hypoglycemia and
intellectual function of the offspring.

Recommended weight gain on the basis of pre-pregnancy BMI
Table 2.5

BMI Recommended Wi Gain
< 19.8 kg/m?2 12.7-18 kg
19.8-26 kg/m2 11.3-15.5 kg
26-29 kg/m?2 6.2-11.2 kg
> 29 kg/m2 ot feas 7 kg

Weight Gains of <1 or >3 kg/month for normal wecigi't women should be
evaluated. According to the 1990 workshop, exercise prescriptions, should ve

individualized and be under careful supervision.

Participants at the Workshop-Conference (1991) observed that although
insulin is now recommended widely when standard dietary management
not consistently maintain normal fasting glucose of 5.5 mmol/l or less, o1
2-hour postprandial glucose of less than 6.5 mmol/i, or both; such therapy
requires additional cost-benefit studies.

36



SUMMARY OF MANAGEMENT

Goals

* Maintain normoglycemia

* Avoid kectonuria

* Ensurc appropriate maternal weight gain

* Achieve optimal fetal growth.

Methods

* Control type, amount and distribution of carbohydrates in dict

* Eat small, frequent meals

* Monitor capillary glucose levels

* Admninister insulin if glucose levels before meals > 5.5 mmol/l or two-

hour after meals > 6.5 mmol/l

* Ensurc appropriate fetal surveillance

During the treatment, testing is done each day before and two-hour
after breakfast, lunch and dinner. Target glucose levels are less than 5.5

mmol/l fasting and less than 6.5 mmol/l two-hours after meals.

Insulin Therapy

Most diabetic clinics add insulin only if, despite compliance with diet,
blood glucosc levels are exceeded on more than two occasions. The American
Collcge of Obstetrics and Gynecology recommends that insulin be initiated to
patients when fasting plasma glucose is >5.5mmol/l or when the postprandial
glucose is >6.5ramol/1!4 8. A recent national survey!34 in America showed that
although 50% of the care-providers followed the American College
recommendations, another 50% used ecither higher or lower threshold criteria.
The rccommended use of >6.5mmol/l for postprandial glucose was followed by
or.y 22% of those surveyed, whereas almost 80% resorted to various threshold
levels unsubstantiated by research. What needs to be ascertained is whether

any particular treatment strategy has beneficial effect on the morbidity.
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Insulin Administration

Insulin administration should always be synchronized with patient's
meal patterns. The management of GDM is similar to that of pregestational
diabetes and insulin is administered in regimens similar to those in paticnts

with pre-existing diabetes.

The insulin dose is calculated based on current weight at initiation of
therapy prescribing 0.7U insulin per kilogram of body wecight. The standard
formula for the insulin dose is prescribed as two thirds of all insulin in the
morning and one third in the evering. If the primary abnormality is a high
fasting glucose value, then the use of NPH or Lenrte at bedtime may suffice. If
the two-hour postprandial glucose values are elevated, then short-acting
insulin given before each meal may be required. A typical starting regimen is
8 units regular human insulin prior to breakfast and 6 units prior to lunch

snd dinner.
Exercise Therapy

Although exercise has been recognized since ancient times as a
therapeutic strategy for obesity, but it is only recently that it has bcen
recognized that exercise does increase the sensitivity of insulin!33. The exact
mechanism whereby exercise benefits glucose tolerance is not known.
However, it has been suggestcd that possibly with exercise there is an
increased capacity for glucose transport into muscle and adiposec tissuc in
response to insulin. An increase in capillary density in muscle may play a
role.

The routine use of exercise as a treatment for gestational diabetes is not
yet standard practice, however preliminary work in this field by the
researchers warrants in-depth studies.

Monitoring Blood Glucose

Self monitoring o: blood glucose (SMBG) is widely used in IDDM. Seclf-

monitoring is mostly done with the help of reflectance glucometers with or
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without memory. Glucometers arc standardized against laboraiory values from
time to time. All systems depend on glucose-oxidase <calorimetric reaction
between a drop of patient's tlood and a reagent strip. All meters are battery
operated and usc solid-state electronics. The effective concentration range
decpends on the system but generally covars the <clinically relevant range.
Properly used, the available technology could be sufficiently accurate for
long-term patient management. However, all available systems are highly
dependent on user skills and the efficiency of the therapeutic regimes

instituted remains dependent upon:

slight differences between readings of different meters

inter-individual differences of readings

intra-individual differences of readings

quality of training provided

With current systems, SMBG measurements are within 15% of the results
of the reference lab values. The cost of Slood glucose monitoring is a concemn.
It costs about $175 to a patient performing four tests a day throughout the last
trimester of pregnancy!36.

The benefit of routine use of self monitoring glucometers in GDM may

be questioned, except in more severe cases!3S,

11 Obstetrical Management And Fetal Surveillance

I most patients with GDM with well controiled blood glucose levels,
spontaneous vaginal delivery is expected. Obstetrical management need noi
differ from that of normal pregnancy. Ultrasound evaluation may provide

some clue to fetal weight and abdominal circumference.
Intrapartum Management

Intrapartum management of women with gestational diabetes is only a
little different from that of the normoglycemic pregnant women. In patients

with estimated fetal weight between 4000-4500g, management shouid be
individualized based on the size of the pelvis and the patient's previous
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obstetric history. In addition, the use of mid pelvic operative delivery should

be discouraged in paticnts with suspected macrosomia.

Unless exce icnt glycemic control has been achicved throughout the
pregnancy with diet management, blood glucose should be checked cvery 1 or
2 hours during labour and short-acting insulin given to maintain a recasonable

level of control. Insulin is discontinued .. he time of dclivery.
Postpartum Management

Almost all patients (98%) with GDM resume normal glucose metabolism
after delivery!37, It can ve confirmed by capillary glucose testing in the
hospital. Normally, the blood glucose nceds to be checked only once or twice
postpartum to ensure that it is at an acceptable level. At six wecks postpartum
it is worthwhile to have a glucose tolerance test carried out using the 75-gram
2-hour OGTT. About 1% of patients manifest an abnormality in glucose
tolerance at this postpartum visit.

As per recommendations of the Second International Workshop-
Conference, these women should be followed post-partum at periodic intervals
in order to detect diabetes early in its coursc, particularly in preparation for

any future pregnancy.

G. SPECULATION

Despite documented excellent glucose control by some of the trcatment
modalities, there remains a group of gestational diabetics (glycemia
controlled) who have a higher rate of macrosomia than that of the non-
diabetic pregnancy!! 13, Explanations for this apparent contradiction include
the possibilities that either hyperglycemia by itself is not the major factor
related to macrosomia or that the degree of glycemic control reported in most

studies is subject to significant errors.
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H. RISK OF OVERT DIABETES IN LATER YEARS

Women whose glucose value exceedea the mean by three standard
deviations had a 60% chance of becoming diabetic in the 8-year follow up
pcriod. O'Sullivan, in a long-term study of the outcome of women with
gestational diabetes has shown the development of overt diabetes beyond 20

years following pregnancy to be as high as 20%, and 50% had impaired glucose
tolcrance?®s,
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A. INTRODUCTION

Maternal anthropometric parameters may influence pregnancy
outcomes and perinatal morbidity. Their ¢ >lication for screening,
monitoring or cvaluating risk for advezrse maternal outcomes has been limited,
though specific indicators have been found to be related to some specific
outcomes: such as maternal height for risk of cephalopelvic disproportion,
increcascd pre-pregnancy weight to the risk of pre-eclampsia. Pre-pregnancy
weight and weight gain during pregnancy, both have been shown to be

rclated to birth weight and infant mortalityl40 141,
I Pre-pregnancy Weight

Experts at the National Institutes of Health Conference in 1985 agreed
that a body weight of 20% or more above desirable weight constitutes an
established hezlth hazard!42. As degree of obesity is a continuum, any
definition of obesity must be arbitrary and related to a standard of normality.
Both maternal pre-pregnancy weight and weight gain during pregnancy.
indcpendently influence newborn weight.  However, subjects exceeding 135%
of the desirable weight may give birth to heavier babies whose weights may

rclatively be unaffected by a wide range of maternal weight gains (0-15
kg)ua.

Pathophysiology

Maternal obesity intensifies the insulin resistance already present in
latc pregnancy and probably also heightens plasma fuel disturbances in the
prcgnant women. Both basal and carbohydrate-stimulated insulin secretion
are increased in obesity103 144 which are reversible to some extent with weight
loss!%4 185, Some speculate that the greatly expanded adipose tissue stores of
scverely obese gravid individuals provide enough substrate to the fetus to
promote development of a heavier baby even in the face of reduced food

intake and little or no gestational weight gain.
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II Body Mass Index (BMI)(kg/m?)

Body mass index (BMI) is a ratio of weight disproportionatcly wcighted
by height and is highly corrclated with weight itsclf. BMI cquivalen: of a
relative weight of 100% is 22.7 kg/m2for men and 22.4 kg/m2 for womcn!d6 147,
BMI corresponding to acceptable normal weight for women ranges between
19.1 to 27.30. Intervention is indicated at levels of 25.8 or morc if there is a
family history or risk factors complicated by obecsity such as history of GDM,

birth of a LGA haby, hypertension, hypertriglyceridemia or hyper-
cholestrolemial42,

Although BMI estimates total body mass rather than fat mass, it
correlates highly with the amount of body fat!48, Medical litcrature suggests
that maternal body mass index is superior to wecight alone, for the prediction
of morbidity and mortality in non-pregnant populations!4® 149 whercas in
pregnant women, body weight is comparable to BMI for the prcdiction of key

adverse, weight-associated outcomes.

The main advantages of the use of BMI over absolute body weight arc
that it is a self-contained calculated ratio which recquires no reference tables.
Secondly, it is a convenient indicator for comparisons between studics
internationally.

Limitation of the use of BMI is that although it corrclates with the
percent of fat, it does not distinguish between various budy componcnts such
as muscle, retained water aund fat,

B. Relationship Of 3b:sity With GDM

't i; well recognized that obesity causes marked insulin resistance and
about 30-50% of gestational diabetic patients are obese. Thus the insulin
resistance of obesity compounded by the insulin resistance of GDM pregnancy
results in marked giucose intolerance. Gestational diabetes corrclates better
with BMI than with weight alone3?; presumably because insulin resistance is

more a function of the body fat content than of absolutc weight.
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C. Management Strategy

Nutritional counseling is the cornerstone of the management of all
women with obesity as well as/for with GDM and is based on the star.dard
jecommendations for a nutritious diet for pregnant women. Calorie res..iciion
and weight reduction improve insulin sensitivity and insulin binding in obe.c
and gestational diabetic women. Diet can enhance insulin semnsitivity i~
hcalthy women via the post receptor steps of insulin action taking akout z-.
weeks?3?, Individualization of dict depending on body weight is recommended.
An inverse relationship between pre-pregnancy body weight and average
wcight gain during pregnancy is considered appropriate with a minimum
incrcase of 7kg recommended for the very obese (BMI>29kg/m?) and up to
18kg for those who are underweight (BMI<19.8kg/m2) (refer table 2.5 above).
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CHAPTER 3

PATIENTS & METHODS
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SUBJECT SELECTION AND METHODOLOGY

A. PATIENT POOL

The study population consisted of 1000 women, 857 from the Royal
Alexandra and 143 from the Grey Nuns Hospital of Edmonton, and their
ncwborns. Tnry were delivered from January 1993 through December 1993.
Royal Alcxandra is a tertiary-care hospital with facilities of ai intensive care
unit. Since we included only term, healthy newborns into our study, (see
inclusion/exclusion criteria) the study samples were not dissimilar in spite of

being from two different sources.

It was an observational study with cases and controls in the ratio of
approximately 1:4. Cases were term babies (>36 weeks) with bwt >4000g (n=209)

and controls were term babies with bwt <4000g (n=791).

We had a sufficiently large pool of patients from which to collect our

study sample. Factors responsible for the large pool were:

1. Average number of deliveries at the Royal Alexandra and the Grey Nuns
hospitals together are more than 7000 per year.

2. One of the inclusion criteria for the subjects was the performance of - 50 g
GCT (screen test) at 24-28 weeks of gestation. Although obstetricians are
expected to carry out this test routinely; a feasibility study showed that the
screen was being o red in about 70% of patients only. Obstetricians at the
participating howpitals were contacted and urged to carry out the test
routinely as pe: the existing guidelines in ““anada and were also updated about
the study . various 'business meetings'. A compliance rate of almost 80% was
achieved by the time patient recruitmr nt started. Compliance further

incrcased s the study progressed.

3. Patiemt participation in the study was :xcellent as there were no invasive or

painful procedures involved in data co <ection.
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B. AVOIDING PIAS

Strategies 1 vunimizing random errors and biascs have been applicd
in both the design and tue analysis phase of rescarch. The following table
explains strategies invol*ed in :zvoiding bias duc to random, systcmatic or

measurement error during the design or the exccution phase of the study.

B and Checks
Table 3.1

|Err0r due to ‘ Strélch applied Check ]

I._Random Bijas

1. Adequate Sample size Interpret  p-valuc

2. Standardizing the measurement Maintain Opcrations
mecthods Manual

3. Checking inter-observer and Maintain correlation
intraobserver variability cocfficient of >0.75
periodically

11, _Systematic Bias

1. Check external validity Check  consistency  with
other studics using
different dcesigns and
methods of analysis

2. Check internal validity Analyze by morc than
onc tcchnique
Explain inconsistency
in results, if any

L. __Measurement Bias
Use of data that was No chance of recall or
recorded before the investigator-related
outcome occurred bias
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C. DESIGN OF THE STUDY

The study was designed to explore causal-inference of association

between the predictors of macrosomia and the outcome of macrosomia.

The study design was appropriate for the proposed objective of finding

e

the rclative importance o! predictors of macrosomia and predictors of
disproportionatc growth in newborns. Cases were macrosomic babies with
birthweight >4000g and controls were non-macrosomic babies with
birthweight <4000g. Subsejuent to recruitment, a category of 'large for
gestational age' newborns (>90th percentile by age and gender) was sclected
out of the total of 1000 subjects, using tables by Arbuckle3? et al.. Macrosomia
was analyzed by both the ‘absolute birthweight' criteria and by the ‘gender

specific weight by  gestational age' criteria.

D. SELECTION OF THE SUBJECTS

1. Initial sclection of potential cases and controls was done from the
delivery rccords at the participating hospitals within 24-48 hours after
dcliverv. (Because of the early-discharge prograta in effect at the
participating hospitals, most of the patients left hospital within 48 hrs of
delivery).

Inclusion Criteria at initial selection

-singleton pregnancy having delivered more than 24 hours ago. 24 hours are
allowed for rcsolution of edema on newhomn's hea: or soft tissue.

-50 g GCT performed

-term pregnancy. Term pregnancy being defined as 36 completed weeks of
gestation. Confirmed expected date of confinemert by last menstrual period
(LMP) or by ultrasound mecasurcments prior to 20 weeks of gestation.

-no fctal or newborn congenital anomalies

Exclusion Criteria at entry
-incomplete record on 50 g GCT result
-multiple pregnancy

-pre-term  delivery
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-pre-gestational diabetes mellitus in the mother

-significant maternal pre-existing medical conditions that are known to have
an effect on fetal growth e. g. pre-cciampsia, hypertensive disorder, collagen
and auto-immune disorders.

- history of medication use that is known or thought to alter growth

-evidence of congenital infection or congenital abnormality

I Selection of subjects complying with specific inclusion criteria after

review of medical records.

Specific Inclusion Criteria
-50 g oral glucose challenge test (GCT) done between 24-28 wecks gestation

followed by a 3-hour OGTT for those who were positive on GCT. The cut-off level
for a positive GCT was >7.8mmol/l. Results were inicrpreted according to the

National Diabetes Data Group (NDDG) criteria!ll.

III. Approaching women and obtaining consent

Women were approached 24-48 hours after dclivery and consent was sought
for an interview with the mother and for morphometric measurements of the
baby (Appendix III).

E. VARIABLES UNDER INVESTIGATION

Maternal/Paternal

1 Pre-pregnancy weight in  kilograms

2 Maternal height in meters

3 Maternal age

4 Weight gain during pregnancy was the difference between

weight noted at the time of confinement and the pre-pregnancy
weight.
Maternal birth weight as <4000g or >4000g
Maternal history of smoking as 5, 10, 15, 20 or more cigarettes per
day

7 Expected Date of Delivery by sure dates or confirmed by ultrasound
before 20 weeks of gestation
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8 Gestational age

9 Previous history of macrosomia as 1, 2, 3..... or more babies with
birthweight >4000g in the past

10 Parity

11 Value of the 50-g GCT

12 Values of thel00-g OGTT: Fasting, 1lhr, 2hr, 3hr

13 Ethnicity

14 Patcrnal weight and height for calculating BMI

15 For GDM subjects: GDM subjects received standard therapy.
(a) Post trcatment average of the fasting glucose values and
average of the post-meal glucose values as recorded by home
glucosc monitoring
(b) compliance with the treatment plan

16 Body Mass Index (BMI): calculated by

weight in kilograms/height in meters?

Neonatal

1 Birthweight

2 Crown-Heel Length

3 Head Circumference

4 Mid-Arm Circumference

5 Abdominal Circumference

6 Sex

7 Ponderal Index(PI): It was calculated using formula:

weight in gramsX100/height in cms?

oc

Mid-arm circumference:Head circumference (MAC:HC)

Abdominal circumference:Head circumference (AC:HC)

Choice Of The Dependent Variable

Macrosomia was analyzed as a dependent variable. Macrosomia was
defined not only in terms of ‘absolute birthweight' (i.e. >4000g) but also as

'large for gestational age' (>90th percentile) by gender; thus removing any

error due to failure to consider gestational age and gender.
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Choice Of The Independent Variables

In the list of potential predictors of macrosomia, ‘gestational diabetes
intermediate’ (GDI: GCT+ and OGTT-) was examined as an independent variable.
separate from the non-GDM group. GCT was >7.8mmol/l in this GDI group of
subjects with '0’ or 'one' abnormal value on CGTT. Two abnormal values on OGTT
as per NDDG criteria is classified as a GDM. GDI group was also cxamined for
any synergistic effect with matemnal obesity in the multivariatc modcl: just as

ircated GDM was examinel for any synergistic effect with maternal obesity.

Studies in the past have not examined 'gestational diabetes intermediate’
group (GDI) in a multivariate model. The importance of this intermediate
group lies in the fact that at some centers this group of paticnts is managed by
therapeutic interventions for glucose intolerance. Therefore, it could be
considered as an ‘'untreated'; albeit mild forrn of glucose intolerance, removing

partly the possible masking effect of treatment present in the GDM group.
F. DEFINITIONS OF THE VARIABLES USED

1. Maternal Obesity

By Pre-pregnancy Weight

mild obesity wt  90-120 kgs
moderate obesity wt > 120 kgs

By Body Mass Index

mild obesity BMI  28-30 kg/m?
moderate obesity BMI > 30 kg/m?

Pre-pregnancy weight and height were noted down from the pre-natal chart
record. Weight was recorded on the first pre-natal visit within the [irsi
trimester.

2. 50 g oral glucose challenge (GCT):
The 50-gram glucose screen consisis of women ingesting 50-grams of a glucose
drink and then measuring their plasma glucose level 1-hour later. There is no

dictary preparation required for this test and no restrictions as to thc time of
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tne day. Women with .alues of plasma glucose in excess of 7.8 mm/dl are
reccommended to undergo a formal 3-hour oral glucose tolerance test.

A random chart review as part of the feasibility study, at both the contributing
hospitals revealed that approximately 80% of the prenatal patients were

appropriately sureencd at 24- 28 weeks of gestation.

3. Oral Glucose Tolerance Test (OGTT)
Fo: the OGT Test, methodology is as described in the introduction section. The

glucose oxidase/hexokinase method was used for biochemical analysis.

Di . \ ional _dial
Diagnosis of GDM was made according to criteria of the National Diabetes Data
Group (NDDG)!!l. It was confirmed that all relevant labs serving clinicians in
these two hospitals used the sam: diagnostic criteria.

Results of the test were considered to be diagnostic of GDM when any two of the

following values were exceeded:

fasting plasma glucose level of 5.8mmol/l
1 hour plasma glucose level of 10.6mmol/l
2 hour plasma glucose level of 9.2mmol/l

3 hour plasma glucose level of 8.1mmol/l

Once diagnosed as GDM, subjects reccived standard therapy at respective
diabetic clinics. Letters of collaboration from the Internists managing these

paticnts at the participating hospitals are attached (Appendix V)
4. Gestational Age

Gestational age was coded as three categories for the multivariate analysis, as:
<40 wecks, 40 to 42 weeks and >42 weeks.

5. History of Macrosomia
Having had one or more babies with birthweight > 4000g in the past.

6. Parity

The three categories were: nulliparous, para 1, and para >2.
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7. Ethnicity

Group A Hispanic & Caucasian

Hispanics were grouped with Caucasians as thec number of the former was very
small in the population and tici: was a sizable proportion of intermarriages
between the two groups

Group B Oriental

Included people of Chinese or South-East Asian origin

Group C Black

Group D North American Aboriginals

Group E Others

Included in this group F were women of Indian, Pakistani, Arab and Lcbanese
origin. These women were combined into a single group, as individually there

were few in each group.

8. Smoking

Smoking was coded by the reported number of cigarcttes smoked per day

during pregnancy by  mothers.

code No of cigarettes smoked per day
I 5
II 10
11 15
v 20 or more per day

G. PROCEDURES AND INSTRUMENTS

After recruitment into the study. a short interview was arranged with
the mother and anthropometric measurements of the newborn were
performed. Measurements were done by onc of the two investigators.

The following procedures and instruments were used in the study:

1 EXTRACTION OF MEDICAL CHART INFORMATION

Information on mother's pre-pregnancy weight, height, age, cxpected

date of delivery (EDD), weight gain, gestational age, parity, weight gain, valucs
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of 50g GCT and 100g OGTT, was obtained from the patient's chart. Information
was rccorded on structured forms (Appendix I).

Glucose values of 50 g GCT done between 24-28 wecks on all  subjects (n=1000)
and those of 100 g OGTT donc on screen-positive women (n=163) were recorded
from the prenatal record sheet. In the case of incomplete record on values of
OGTT in the prenatal record sheet, obstetrician's offices were contactcd and

rccords completed.

2 PERSONAL INTERVIEW

The personal interview included details of maternal/patsral  vuriables
under study, on a structured form (Appendix I).
For those on treatment for gestational diabetes mellitus (n=50), average fasting
and post-meal plasma glucose values were recorded from the home glucometer
diary. Records of patienis not compliant with the treatment plan were also

maintained.

3 MEAN PLASMA GLUCOSE VALUES

The following measures of plasma glucose values were utilized for
examining the extent of glucose abnormality:
i Maternal plasma glucose values of 50-gram glucose challenge test done
between 24-28 weeks for all the 1000 study subjects

11 Maternal plasma glucose values of 100-gram OGTT (fasting, 1-hr, 2-hr
and 3-hr) for those positive on 50-gram GCT (n=163)

111 average of the fasting plasma glucose values tested on home glucose
monitor, in GDM subjects on therapy for normalization of the plasma glucose
values (n=46).

v average of the post-prandial plasma glucose values tested on home
glucose monitor, in GDM subjects on therapy for normalization of the plasma

glucose values (n=46).

The GCT plasma glucose value reflects plasma glucose status of the total

population of study subjects in second trimester. The OGTT glucose values
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reflect the glucose status of all 'screen positive' subjects including GDI group
and GDM group of subjects, before any form of therapy is started in the GDM
group. The average of the fasting and the average of the post-prandial plasma
glucose values reflect the glucose profile among gestational diabetic women

undergoing treatment for normalization of plasma glucose.

4 DISTRIBUTION OF SUBJECTS AND NUMBERS (N=1000)

Table 3.2
| Characteristics Number B
Neonatal
birthweight >4000g 209
birthweight <4000g 791
large for gecstational age>90th centile 179
Maternal
Non-GDM 949
(GCT-) 836
Intermediate (GCT+ & OGTT-) 113
GDM (GCT+ & OGTT+ & received therapy) 50
Prepreg Wt >90kg 59
BMI >30 112
Smokers vs. Non-smokers 292 versus 708
Previous h/o macrosomia 137 versus 442

(at least one baby >4kg vs. no baby > 4kg)

Ethnicity:
Caucasian & Hispanic 759
Oriental 82
Black 18
North American Aboriginal 83
Others 58
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5 CODING AND FILING OF DATA

Data was subscquently coded and filed intoc computer-based program
MacIntosh-Excel. There were missing records on OGTT values of three subjects.
These subjects were started on treatment of GDM by the internists, either on
consideration of their GCT level >7.8mmol/l or due to a positive history of GDM
in the previous pregnancy. without getting OGT test done. During analysis of
GDM as a group, these subjects were treated as gestational diabetic; whereas
during analysis of OGTT values, data on only 47 subjects were avzilable. Among
GDM subjects on trcatment, data on values of average fasting and avcrage pest-
prandial were available for 46 subjects only, as 1 subject had mispiaced her

diary of records.

6 MORPHOMETRIC MEASUREMENTS OF THE BABY

Measurements included
a. Birthweight in grams, noted down from the de'-erv record sheet .

b. Crown-heel length was measured to the nearest millimeter with
length board. Baby was placed on its right side aiong the length of calibrated
board with head touching fixed end of the board. Baby's back and legs were
straightened with one hand and movable foot-end was placed just touching the

soles.

c. Head circumference was measured at the largest occipitofrontal
diameter and rounded to the nearest 0.25 cm; the largest of three consecutive
measurements was sed. Disposable paper tape was used for the head. the mid-

arm-circumference and the abdominal circumference.

d. Mid-arm circumference is a reflection of muscle and fat stores. Its
mcasurement 24 hours after birth of the baby allows for the resolution of
cdema caused by labour and delivery. Mid-arm circumference was measured at
the mid-point of the upper left arm, which was isolated by measuring the
distance bectween the acromion and olecranon with the arm held in a
horizontal position using technique described by Sasanow et al.82. Mid-point is
casily located in a term infant by identifying a crease in the skin and MAC is
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measured at this mid-point with the arm held in extension and the hand prone.

This measurement was rounded to the nearest 0.25 cm.

c¢. Abdominal circumference has been rcported to be the best fetal
biometric parameter that correlates with fetal weight!3?. Since liver is the
largest intra-abdominal organ, assessment of AC at the lower level of
umbilicus is actually an indirect estimation of the nutritional status of the
newborn. Measurement was made with the help of a disposable measuring tape
with baby supine and quiet. This measurcment was rounded to the ncarest 0.25

cm.

7 INTER-INVESTIGATOR CORRELATION COEFFICIENT

Inter-investigator variability of anthropomctric mecasurements has
been kept to a minimum by having only two investigators perform all the
measurements. Both the investigators recorded anthropometric measurcments
of five newborns on two separate occasions two weeks apart. The purposc was
to establish inter-investigator reliability of measurecment. The Pearson's
correlations between the two investigators with p<.05 were as follows:

Inter-Investigator Correlation Coefficient

Table 3.3
Measures r
1. Crown-Heel Length 0.85
2. Head Circumference 0.92
3. Mid-Arm Circumference 0.95
4. Abdominal Circumference 0.84

8 MANAGEMENT OF GDM

Gestational diabetes mellitus management was provided by a diabctes
team including a physician, a nutritionist and a social worker. The medical
treatment at each of the two hospitals was carricd out almost exciusively by
single interrists. The management scheme for the most part was wuniform
across internists (see appendix 1V; letters of support). Women attended the
diabetic clinic once every onu to two weeks.

The approach emphasized the following features:




cuglycemia
normal matcrnal weight gain
fctal biophysical assessmerts

anticipated term delivery.
Diet Therapy:

Dict was prescribed based on 25-35 kcal/kg desirable body weight.
Reccommended weight gain on the basis of pre-pregnancy BMI is shown in
table 2.5.

Salient Features of Diet Management

Table 3.4

Meal Plap consists of three meals and three snacks spaced evenlyf
throughout the day. This measure aliows maximum use of endogenous insulin
Small frequent meals, at regular intervals

Protcin must be included in main meals and the bedtime snack

Average Diet Compeosition is 50% carbohydrate, 20% protein, and 30% fai

The bedtime snack contains complex carbohydrate and protein to prevent

nocturnal hypoglycemia and morning ketonuria.

Caloric Intake depends on basal needs derived from pre-gravid weightJ,
height, age and physical activity.
Additional 150 kcal starting at 20th week

Fiber Content should be increased through whole grains, legumes, and

fruits

Starvation Ketosis Ketonuria in the morning indicates starvation ketosis.
It can be eliminated with more carbohydrate at bedtime or a smail nocturnal

snack

Bedtime Spack should contain 20-50 g of carbohydrate and 30 g of protein

Water should be the main source of fluids
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Insulin Therapy:

The patients receiving insulin nced to be consisient with the timing of
meals and food <ucices, especially the carbohydrate content. Insulin was used
only in women wic ad 20% values of fasting blood glucose (FBG) >5.5 mmol/l
and/or those of poutprandial blood glucose (PPBG) >6.5 mmol/l on 20% of

occasions.

The percentage of women put on insulin therapy last ycar at the RAH,
GDM ciinic  was 17.5%. The cut-off levels for starting insulin treatnient were
different at Grey Nuns hospital from RAH. They were FBG >5 mmol/l and PPBG
>6 mmol/l for 20% of the values. The percentage of women put on insulin
therapy at the Grey Nuns hospital last year was 36%.

Self Monitoring Of Blood Glucose (SMBG):

Monitoring was done in both, the diet only therapy group, and in the
insulin and diet therapy group. Home glucose monitoring was carricd out four
times per day, i.e. once fasting in the momning and thrice 2-hour postprandial
i.e. after breakfast, after lunch and after dinner. Women at th¢ RAH uscd
memory based one-touch-II glucometers from Lifescan. Glucometers used at
the Grey Nuns hospital did not necessarily have memory. These mcters were
calibrated with the laboratory values of plasma glucose and were standardized
against laboratory values from time to time. Pregnant women attended the
diabetic clinic every one or two weeks depending on the level of glycemia

maintained.

Obstetrical Interventions:

Recommendations are that preterm induction of labour and dclivery
should not be considered unless fetal jeopardy is suspected. Somctimes these
guidelines are not strictly observed, particularly when a large baby is
suspected in the presence of glucose intolecrance. I have examined macrosomia
using absolute birthweight criteria as well as large-for-gestational age

criteria to avoid errors due to non-consideration of gestational age and gender.
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9 STATISTICAL METHODS

The initial exploratory analyses weic conducted using the following

statistical tests:
I Univariate Analyses

T-tests to determine differences in means oeiween two groups
Pcarson's corrclation coefficients

Chi-squarc tests to determine differences between proportions
Il Multivariate Analyses

Multivariate analytic methods have been used for assessing the independent
contribution of predictor variables in this observational study. One of the
grcat advantages of multivariate adjustment technique is the capacity to
control the influence of many .onfounders simultanecously. Another
advantage is their use of all the info nation in continuous variables which is

not thec case with univariaic analysis . discrete variables.
a. Adjustment For Confounding

A mistaken assessment of risk may result from uncontrolled confounding. The
study predictor variable, by virtue of its association with some other variable,
may appear to clevate or reduce the risk of disease when in fact it has no
effect. A related consequence of confounding is that the effect of an exposure
may be distorted. In order to make adjustments for the effect of confounders

the following techniques were used
b. Multiple Logistic Regression
This technique was used to fulfill the following purposes:

1) to evaluate dependent variables with a skewed distribution as dichotomous

variables
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2) to allow for the quantification of the cffect of each risk factor while at the
same time adjusting for the possible confounding ecffects of other variables!S?
153

3) to obtain odds ratios, which can be easily interprcted in terms of risks
The general form for multiple regression modcls'5* can be expressed as:
In (Y/(1-Y)) = alpha+B;X +B;X 2+........ +ByXy+gammag 2(XXz)+e

The logistic model implies that the log odds In (Y/1-Y) is a lincar

function of the variables Xi, Xx. For dichotomous dependent variable (e.g.

cases and controls), Y is the probability of one of the binary outcomes (c.g.
macrosomia) and Y/1-Y is the odds of Y. If the independent variable is binary,
the coefficient B8 is the logarithm of the odds ratio for that variable in rclation
to the outcome of interest. 'Gamma' .epresents cocfficient of the interaction
term between X; and X5. Estimates of the paramecters B; and gamma arc made
under the assumption that the variables in the model equation cither have a
scale of measurement or that the representation makes proper allowance for
the lack of one.

Discrete variable such as ethnicity does not have an ordinal scale of
measurement. Indicator (dummy) variables taking the values 1 or 0 (o
designate the presence or absence of an attribute are used to represent the
effects of such variables in a logistic regression modecl. The logistic regression
procedure in the SAS statistical package allows for the analysis of ordinal
response data by fitting a (log odds) parallel lines regression model based on

the cumulative probabilitics of the response categories!SS,

Odds ratios were obtained by maximum likelihood estimation for the
dichotomized as well as continuous independent variables. To estimate the
actual magnitudes of the parameters or the probabilitics of events under the
logistic model, maximum likelihood estimation is a beticr choice as compared
to discriminant estimation of logistic paramcters. Maximum likelihood
estimation does not depend on any ‘'a priori' assumption of multivariate
normality. Furthermore, maximum likelihood generally gives slighily bectter

fit to the logistic model.
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Modecls were cxamined by the step-wise entry method i.e. independent
vaiiables were examined at cach step for entry or removal according to the
level of statistical significance and this procedure finds the 'best fit' within a
specificd functional form. The purpose of using this method was to identify
only those variables that were significantly associated with the outcome. From
the vicwpoint of scientific explanation, there are at least three weaknesses in
this approach. First, the procedures do not distinguish among associations that
arc causal, non causal or artifactual (due to some source of study bias). Second,
the procedures emphasize formal tests of significance, which are dependent
on the size of the study sample. In large studies, variables with trivial effecis
on the risk of discase may be selected for inclusion in the model because of
small p-values, while reverse may be the case in studies of small sample size
where important effects may be ignored. Third, stepwise selection procedures
arc oblivious to causal paths. A variable that is an effect of ihe disease may get

included in a model intended to identify disease risk factors.

Interactions terms were tested only when supported by the theoretical

framework.

c. Least squares regression analysis

Least squares regression analysis was used to evaluate outcomes that
were measured on a continuous scale e.g. anthropometric measurements. As
before, this allowed the quantification of the effect of each risk factor while
adjusting for the effects of potential confounders. Each dependent variable

was analyzed scparately.

10 SAMPLE SIZE AND POWER CALCULATIONS

Sample size calculations were derived from the tables in Hulley and
Cummings!% for ‘comparison of proportions’ and also from the ‘tables for
sample size calculations for logistic regression'!3?. Sample size calculations
have also becen checked with the computer program ‘Power'!5® for 'comparicon
of proportions'. The sample size was adcquate for at least a power of 90% with
alpha=0.05, two 1ailed.
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The samp! size and its statistical power was estimated as follows:

I[. By using the =z-statistic to compare proportions of dichotomous
variables!56 (chi-square test):
With case-control design of the study and predictor variable as wmaternal

obesity (as BMI>30), sample size was calculated using formula:

N=(ZaipnaVP(I-P) (17 q1+17 q2) +ZgV P1(1-P1) (17 q1) +P3(1-P3)( 1/ q3))-
+(P1-P3)?
where,
P represents the proportion of controls with the predictor variable,
i.e. proportion of 'mothers of non-macrosomic babics' with maternal obesity
(defined as BMI>30), say 10%.
P, represents the proportion of cases with the predictor variable,

i.e. proportion of 'moihers of macrosomic babics' with maternal obesity
(defined as BMI>30), sax *R¢

q1= proportion of controls . « - :'.’'v sample i.e. subjects in group 1

q2= proportion of cases "1 ‘! -t:' sample i.e. subjects in group 2

N= total number of subjc.
P= q;P1+q2P2
Zalpha= the standard normal deviate for alpha.
(two tailed, za)pha=1.96 when alpha=0.05)
Zg = the standard normal deviate for B. (Zg=1.282 when B8=0.10)

For two-tailed level of alpha =0.05, £=0.10; sample size calculations arc as below:

N= (1.96V.12x.88x5.3+1.282V(.18x.82x4)+(.1x.9x1.33) )2/.0064
N= (1.47+1.08)2/.0064=1016

In our study, cases and controls were in the ratio of approximately 1:4 and total

sample consisted of 1000 subjects.

II. By using t-test to compare means of continuous variables!S¢ for
unequal groups:
Formula:  N=(( 1/q1+1/q2) S? (zaipha+24)?)/E?2

where,
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= the standard normal deviate for alpha. (two tailed, z.=1.96 when

alpha=0.05)
Zg = the standard normal deviate for B. (Zg=1.282 when B8=0.10)

Zalpha

41 = proportion of subjects in group 1
g, = proportion of subjects in group 2
N = total number of subjects required.
S = standard deviation of the outcome variable

E = Expecied effect size

Considering standard deviation of newborn's birthweight of 500g and
using the formula as above, we can detect an effect size of 125 g difference in
baby's birthweight between the glucose tolerant (GCT -, n=837) and the glucose
intolerant (GCT+. n=163) groups of women. As per the distribution of subjects
in our study sample, there were 50 GDM subjects and 113 GDI i.. intcrmediate
subjects. A mean difference in birthweight of approximately 250 g between
the GDM and the GDI (GCT + and OGTT -) subjects can be detected using the same

formula and paramcters (alpha, two-tailed=.05 and power=9C%).

I1l. Using tables!S? for sample size calculations for logistic
regression, for a level of significance of alpha=0.05, one tailed, in a model
with 10 independent variables; the statistical power to detect an odds ratio at
one standard deviation above the mean (r=1.5) of the covariate 1.:u:ernal
obesity with P=0.10 (where, P is an overall event proportioa of macrosomia)

was estimated to be approximately 85%.
Study Sample For Nomograms

At the RAH. from Oct 1 1992 to Sep 30 1993, the percentage of babies >36
weeks gestational ag:  weighing >4000g was 11.3%.

Our original study samp!c consisted of 209 macrosomic arnd 791 non-
macrosomic newborns. A random sample of 100 babies out of the 209
macrosomic newborns was created with the help of SPSS/windows program.
This random sample was combined with a sample of 790 non-macrosomic
ncwborns making a total of 890 subjects. This assembled group included 790

non-macrosomic and 100 macrosomic newboms resulting in 11.2% rate of
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macrosomia. This sample represented local, healthy, term, singleton newborns
at the RAH and the Grey Nuns hospital between Jan 93 to Dec 93, Nomogram
tables of 10th, 50th and 90th percentiles of the three measures of
disproportionate fat distribution .e. ponderal index., MAC:HC ratio and AC:HC

ratio in the newborns were compiled froem this samplic of 890 ncwborns.

11 STATISTICAL PROGRAM USED

Initial  data entry and manipulation was donc using Maclntosh Excel
Univariate as well as multivariate models were tested using SAS on the

mainframe. Graphs and nomograms were plotted un SPSS/windows program.

12 COLLABORATIVE APPFOACH

We sought collaboration with the internisis managing  diabetic clinics
and also with the physicians in-charge of obstetrics at both the participating
hospitals, regarding uniformity of approach and procedurcs. Letiers of
support attached (sece Appendix IV & V)

13  ETHICS APPROVAL

Ethics approval for this projeci was obtained from the Etuics Rceview
Committee at the Royal Alexandra Hospital and the Grey Nuus Hospial. Signed

consent forms were obtained from all the participants.
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CHAPTER 4

RESULTS I:
PREDICTORS OF MACROSOMIA
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This section deals with the resuits of obiective 1 i.e. predictors of
macrosemia. Cutcome of fctal macrosomia has been examined by both the
definit’. s of macrosomia i.c.

1 absolute birthweight > 4000g

2 large for gestational age >90th percentile, (birthweight weighted Dby
gestational age and sex)

Univariate statistical methods were used as a first step to cexamine the
association of different variables with the outcome of fctal macrosomia. Initial
analysis and assumptions based on the theorctical framework led to the final

model for testing by the step-wise multiple regression technique.

A. PREDICTORS OF FETAL MACROSOMIA
(i) UNIVARIATE ANALYSIS

1. Comparison Of Maternal/Paternal Characteristics Between
Macrosomics And Non-Macrosomics

la. The average values of the maternal/pater: characietistics  micasured
on continuous scalc with macrosomia dcfined as birthweight >4J000g

and examined by t-test:

Table 4.1

Maternal/Paternal characteristics in macrosomic
and non-macrosomic newborns

Variables Birth wt<4000g Birth wt>4000g p
(n=791) (n=20¢)

Pre-pregnancy

Weight 62.6 kg 70.1kg e — 0001 *

Maternal

BMI 23 4kg/m2 _25.3kg/m2 - 091

Weight Gain 14.3kg 16.9kg L0001 *

Maternal

Height 1.63m 1.66m 0C01*

Maternal

Age 27.5448 27.8y1s J7(ns)

Patern al BMI 25,4kg/m2 26kg/m? L07(ns)

*+ gctatistically significant




Except for maternal age and paternal BMI all the variables cxamined in table
4.1 arc statistically significantly different between the macrosomic and the

non-macrosomics.

1b.The average values of the maternal/paternal characteristics measured on
continuous scale with macrosomia defined as LGA >90th percentile and

cxamined by t-test:

Table 4.2
Maternal/Paternal characteristics in LGA
and non-LGA babies
Variables Non-LGA LGA P
(n=j21) (n=179)
Prepregnancy
Weight 628kg 706kg 0001*
Materpal BMI. 23.5kg/mz 255k g/ m* 0001*
WeightQuin 145Kg 165Kg 0.0001*
Materpal Height 1.63m 1.66m 0.0001*
Matcrnal Age 273yrs 253yrs 0.02*
Patcrnal BMI 253kg/mz 263k g/ me 0.004*

* gratistically significant

2. The Relationship Of Birthweight With The Number
Of Cigarettes Smoked Per Day

Mothers who smoked cigarettes during the index pregnancy had a lower
risk of dclivering a macrosomic newborn than a ~on-smoker. There wis a
ncgative correlation between the number of cigarettes smoked per day and the
frequency of macrosomia (see table 4.3 and graph 4.1). The proportion of
macrosomic babies (birthwt>4000g) was the highest among non-smoxers (n=
708) and the perceniage of macrosomia was inversely proporional to the
number of cigarcttes smoked per day. There was a sharp decrease in
percentage of macrosomia  in subjects who smoked more than 10 cigarettes
pcr day. The effect of cigarette smoking on macrosomia has been further

analyzcd by the multivariate model.
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Tabie of 'proportion of macrosomia’ and number of
cigarettes smoked/day
(n=1000)
Table 4.3
Macrosomia Number of cigarettes smoked/day
defined as 0 5 10 15 20 or >
LGA>90th _centile 21%  22% 18% 6% 4% _
v i-thweight>4000g 24% 20% 20% 11% 1%

l'"lg 4.1

Cigarette Smioking Ar:

25% —+

20% T

15% -+

10% +

9% Of LGA Babies

S%

= 350mia 9%

0%

0 5

4
-+
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3. The Relaticnship Of Birthweight With 'Previous History Of
Macrosomia’

Table of macrosomia by ‘history of macrosomia’

Table 4.4
No. of macrosomic babies in the past
Index 0 1 2 3 or Total
Pregnancy more N=579
{parax1)
Incidence of
macrosomia n=51 n=55 n=13 n=6 125
11.6% 51.4% 56.6% 85.7%
non-macro n=391 n=52 n=10 n=1 454
somia 88.4% 48.6% 43.4% 14.3%

p-value = 0.000*

There were 579 subjects para >1 in our study. The table reveals that
among para >1 women (n=579), previous history of macrosomia was highly
significantly associated with the outcome of macrosomia in the present
pregnancy and the risk increased with increasing number of macrosomic
babies delivered in the past. The proportion of macrosomia to non-macrosomia
in index pregnancy was 11.6 vs. 88.4 in subjects with no history of macrosomia
in the past. The propertion of macrosomia successively increased as the
number of macrosomic babies in the past increased i.e. from 51.4% to 85.7%.

This effect has been further analyzed by the multivariate model.
(ii) MULTIVARIATE ANALYSIS

Stepwise Multiple Logistic Regression Analysis

Since the study sample was coilected in a case-control fashioa, some of
the variables analyzed did not conform to a normal distribuiion. This can
result in violation of the assumptions related to linear methods on multivariate
analysis. Therefore for multivariate analysis, the logistic regression model was

applied.
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The outcome dimension examined was macrosomia. Macrosomia was
analyzed as a dependent, dichotomous variable usiag both the definitions of
macrosomia i.e. absolute weight >4000g as well as LGA >90th percentile.
Macrosomia was coded as follows:
1= Macrosomia (n=209) or LGA (n=179) 0= Non-Macrosomia or Non-LGA

The following independent variables were analyzed by the logistic regression
technique:

a) Previous history of macrosomia

Previous history of macrosomia constitutes delivering at lcast one baby with
absclute birthweight >4000grams in the past, among >para 1 women, (n=579).
At least one baby >4000g birthweight in the past=1

eise, no baby >4000g birthweight in the past=0

b) Maternal Age
1= <17 years

2= >40 years

else, 17-40 years=0

¢) Parity
Para 1=1
Para >2=2

else, Nulliparous=0

d) Smoking

Smoking S cigs/day=1

Smoking 10 cigs/day=2
Smoking 15 cigs/day=3
S..oking 20 or more cigs/day=4

else, No smoking=0

e) Pre-pr-gnancy Weight

As a continuous variable

f) Maternal BMI

As a continuous variable
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g) Maternal Height

As a continucus variable

h) Weight Gain

As a continuous variable
i) Gestational Age

40-42 weceks=1

>42 weeks=2

clse, <40 weceks=0

j) Maternal Birthweight
>4000g=1
clse, <4000g=0

k) Patcrnal BMI

As a continuous variable

1) Ethnicity
Oricntal=1, Black=2, North American Aboriginal-3,
Others=4

clse, Hispanic & Caucasian=0

m) Gestational diabetes mellitus
(trcated) - GDM

n) Gestational Diabetes Intermediate
- GDI

o) Interaction term: BMIxGD

BMI>30=1
clsec, BMI<30=0;
GD coded as

GDM=1

GDI=.5

clse, Non-GDM=0
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p) Interaction term: WixGD
Pre-preg Wi< 90kg=0

clse, Pre-preg Wi=]

GD coded as

GDM=1; GDI=.5; else, Non-GDM=0

Model I: Variables (a) to (p), except four 'the previous history of
macrosomia’ were included in model 1 with :=1000. 'The previous history of
macrosomia' was excluded from Modcl I, as its inclusion reduced the sample
size to 579 by considering only para >1 group of women and also that, the

nulliparas would get excluded from that model.

The independent variables that satisfied p<.05 level of statistical
significance, seclected in stepwise manner, thcir odds ratios, standard crror,

95% CI and p-values are shown in table 4.5.

Pre-pregnancy weight was found to be most significantly associated
with the outcome of macrosomia (birthweight >4000g) with an odds ratio (OR)
of 1.5 per every 15 kg (1 std dev) incrcase in maternal weight. By this OR, a
woman weighing 120 kg before pregnancy was at 5 times the risk of
delivering a macrosomic baby than an average weight (average wt of women
weighing <90 kg) woman weighing 61 kg; whereas one weighing 105 kg was at
3.4 times the risk.

The second factor i0 enter the model was maternal weight gain during
pregnancy. The odds ratio states that the risk of macrosomia incrcased by 1.7
times for every 7 kg (1 std dev.) increase in weight gain above the mecan value
of 15 kg.

Maternal history of smoking during pregnancy was ncgatively
correlated with macrosomia. With ecach 5 additional cigarettes smoked per day,
the risk of delivering a macrosomic baby was reduced by 1.4 times. A woman
smoking 20 cigarettes a day was 3 timcs less likely to have a big buaby than a

woman smoking 5 cigarettes per day and 4 times less likely than a non-smoker.
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A multiparous (para>2) woman was 2.3 times more likely to have a

macrosomic baby than a primigravida.

A male baby was twice as likely to be a macrosomic than a female baby.

Similarly, a baby with gestational age >40 weeks was at double the risk of being

a macrosomic than the one <40 weccks gestation at term.

Odds Ratios (Macrosomia vs. Non-Macrosomiz)__and p-values

(macrosomia as birthweight >4000g)

n=1000
Table 4.5
Variables R SE 95%( Multivariate Univariate
p-value  p-valuc
Pre-Pregnancy 1.5 005 (1.3-1.8) 0001 .0001
Weight per 15kg
Weight Gain 1.7 013 (1.67-1.78) .0001 0001
per 7kg
Maternal smoking 0.70 per 076 (.6-.8) 0001 000
5 cigs per day
Parity 2.3 106 (1.5-3.4) 0001 001
(multi vs. nulli)
Male sex 2.0 077 (1.4-2.8) 0001 000
Gestational Age 2.0 A173  (1.4-2.7) 0001 0001
(A0 wks vs.
40 wks)
North American 29 303 (1.6-5.3) 0004 000
Aboriginal
Maternal bisshwt 2.2 249 (1.4-3.6) 001 000
(kg vs. Akg)
Maternal Height 1.3 1.34 (1.03-1.5) 008 0001
per 7cm
Maternal Age 28 48 (1.1-7.0) 02 .09
(d7yrs vs.
17-40 yrs)
GDI 1.6 255 (.99-2.7) 051 A2

OR: odds ratio; SE: siandard error; 95% CI: 95% confidence interval for OR; p-value:
statistically  significant probability
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Among different ethnic groups, North American Aboriginal women
were chout 3 times more likely than the Caucasian+Hispanic women to have a

3

macrosomic *aby. Wonicn included under the 'Other’ category have been
shown to have fewe' n...rcsomic babies (OR 0.5) than the Caucasian+Hispanic

group of women at p-value of 0.08 (refer table 4.6).

A woman who was macrosomic at birth wa: morc than iwice as likely to

produce a macrosomic baby than thec one who was of average weight.

It was interesting to find that young mothers <17 ycars of age had 2.8
times the risk of macrosomia than the other age groups though t(here was a
wide 95% CI (1.1-7.0).

Maternal height also contributed towards macrosomia. Each 7 c¢ms
difference in hecight from a mean maternal height of 1b4 c¢ms affected the

outcome by a factor of 1.3.

Gestational Diabetes Intermcdiate (GDI) was the last variable to enter the
model at p=.051. By univariate analysis, GDI was not found o be statistically
significant for the development of macrosomia (p=.12). In table 4.5, the OR of

1.6 had 95% CI ranging from .99 to 2.7, thereby crossing valuc of 1.

In model with both, the pre-pregnancy weight and the matcrnal BMI as
continuous independent variables, only pre-pregnancy weight cntered at
p<.05. Not surprisingly, maternal BMI entered in place of pre-pregnancy
weight when pre-pregnancy weight was excluded from step-wise regression
model. Since there is a high degrce of correlation between pre-pregnancy
weight and BMI, maternal preprcg wt might be more predictive than BMI to

have entered the model for outcome of macrosomia.

Variables that dia not enter at p<.05 level of significance in mode! I arc shown
in table 4.6. The interaction terms of BMIxgd and wtxgd were not found 10 hive
any association with the outcome of macrosomia in model I[. Effect due to

interactions has been further explored on page 81.
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Variables Not In The Model!

Table 4.6
Variable  Chi-Square Score _Pr> Chi-Square

Ethnicity (Other) 0.63 0.08
Maternal Age 0.55 0.46
(other than <17yrs)

Pre-preg BMI 0.09 0.77
Ethnicity (Oriental) 1.11 0.30
GDM 0.02 0.89
BMIxGDM 0.06 0.80
WixGDM 0.61 0.43

Model II: In this model (n=1000), macrosomia was defined as large for
gestational age (LGA) at >90th percentile by gender (n=179). Table +.7 shows

the order of the stecpwise sclection of variables, their ORs, 95%CI and p-values.

Odds ratios (Macrosomia _vs, Non-Macrosomia)_and p-vaiues
(macrosomia as LGA >90th centile)
n=1000
Table 4.7
Variables R SE 95%(Q Multivariate Univariate
p-vzlue p-value 1

Pre-Pregnancy 1.57 405 (1.35-1.8) 0001 .0001

Weight per 15 kg

Weight Gain 1.56 012 (1.3-1.86) 0001 0001
per 7kg

Maternal Smoking .66 per 087 (.56-.78) 0001 000
S cigs per day

Parity 2.3 11 (1.5-3.5) 0001 .001

(multi vs. nulli)

North American 28 303 (1.5-5.0) 0007 000

Aboriginal

Maternal 2.1 .25 (1.3-3.5) 0024 .05

Birthweight

(dkg vs. Akg)

Maternal Height 1.3 1.36 (1.04-1.5) 02 0001
per 7c¢cm

GDI 1.7 254 (1.3-2.2) 03 .03

OR: odds ratio; SE: standard error; 95% CI: 95% confidence interval for OR; p-value:
tatistically _signifi ¢ habili
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A closer look at the table rcveals that the order of entry of the
independ::at variables, their OR values as well as the 95% CI are similar 10 the
previous model. Gestational age and gender did not enter this model due to
obvious reasons. GDI was statistically significant at p<.05 by univariate as well
as multivariate technique.

Results of Model II reinforce the results found by Model 1.

Model III: By including 'previous history of macrosomia’ into the model,
sample size was reduced to 579, since nulliparous women were cxcluded from
the sample. The order of entry of variables into the model changed
substantially with ’'previous history of macrosomia’ included. Table .%8
highlights a strong association beciwcen development of macrosomia  and
previous history of macrosomia, with an OR of 9. Odds ratio for all the rest of

the variables in this model was close to OR by the first two nodcls.

It seems that the previous history of macrosomia takes into account all

the effect due to the materna! ~' -=i- -1 or metabolic characteristics, therefore

neither pre-preg weight/BNV i the levels of glucose tolcrance
entered the model at p<.0% ;ance.
Qdds_ ratjos ‘a-Macresomis)__and _ p-values
{macrosomia de ~estational age >90ih centile)
Table 4.8 A
B R 95 %0 p-value
Previous history 2.2 23 9 (5.8-14.1) 0.6001
of macrosomia
Maternal smoking -43 .11 .65 (.52-.81) 0.0001
Maternal ht 5.7 1.76 1.5 (1.2-1.9) 0.0012
per 7cm
Weight gain 044 .02 1.4 (1-1.8) 0.015
per 7 kg
Maternal 803 .36 2.2 (1.1-4.5) 8.02

birth weight

B: coefficient or parameter estimate; OR: odds ratio; SE: standard ecrror; 95% C.. 95%
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The variables that did not meet the 0.05 significance level of entry are
as in table 4.9:

¥ ariable not in wmodel II1

Table 4.9
Variable Score Pr> Chi-Squarc
Chi-Square

GDM 3.2 0.07
North Amecrican Aboriginal 2.2 0.07
Maternal BMI 2.7 0.10
Maternal Pre-preg weight 2.4 0.12
Male scx 0.75 0.40
Matcrnal Age 0.66 0.40
(>17yrs)

WixGDM 0.22 0.64
Ethnicity (Other) 0.03 0.87
Parity 0.03 0.87
BMIxGDM 0.02 0.88
Ethnicity (Oriental) 0.02 0.89
Gestational Age 0.001 0.90
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B. GLUCOSE INTOLERANCE, MATERNAL OBESITY AND
MACROSOMIA

1. Correlation Of Maternal Pre-Pregnancy Weight And Body

Mass Index With Levels Of Glucose Tolerance
The three levels of glucose tolerance considered were:
Group 1 GCT - and OGTT - Non-GDM

Group I GCT + and OGTT - GDI

Group il GCT + and OGTT + GDM (treatcd)

Percentages of women with 230 BMI oo 290 kg prepreg-wt among
the three levels of glucose tolerance
il 4.10
Non-GDM___ GDI1 GDM p-value
BMI >30 10.2% 12.4% 25.5% .003*
BMI <30 89.8% 87.6% 74.5%
Pre-preg Wt>90kg 5.1% 7.1% 15.7% .007*
Prc-preg Wi<90kg 94.9% 92.9% 84.3%
* gstatistically significant

Average values of maternal pre-pregnancy weight and BMI
the levels of glucose tolerance

within

Table 4.11

Non-GDM GDI1 GDM
Maternal Wit 63.8kg 64.8kg 69kg
Maternal BMI 23.7 24.5 25.8

On plotting the maternal prepreg-wt and BMI values (table 4.11) with the

three levels of glucose tolerance (fig 4.2), we found that the level of glucose

intolerance increcases with increasing macrnal morphometric measures
BMI and prc-pregnancy wt i.e. obese women wcic prone to glucose

intolerance.
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2. Relationship Of Glucose Intolerance With Macrosomia With
Or Without ‘“:laternal Obesity

Glucose intolerance .1 material plasma was analyzed for correlation with

macrosomia by the univariatc as well as the multivariate mcthods. We

examired all threce levels of glucose tolerance in non-obese and obesc motkers.
Percentage of macrosomic babies in three levels of glucose

tolerance
Non-Obese(BMI1<30)

(n=888)
Tabilc 4.12
Macrosomia
vs. Non-macro Non-GDM GDI GDM p
Bwt>40060¢g 18.9% 26.3% 18.4% .22
Bwt<4000g 81.1% 73.7% 81.6%
LGA>90centile 15.3% 24.2% 21.1% .06
AGA 84.7% 75.8% 78.9%

p-value statistically not_significant

Among the non-obese women, group-wise comparison (basea on levels of
glucose tolerance) for proportion of macrosomic babies showed that none of
the differcnces between the groups reached statistical significance, aithough
the proportion of macrosomic babies in GDI subgroup was greater than in the

other two subgroups and p-value for LGA group was .06.

Percentage of macrosomic babies in three levels of
glucose tolerance
Obese (BMix>30)

(n=112)
Table 4.13
Macrosomia
ys. Nopn-macro Non-GDM GDI1 GDM D
Bwt>4000g 31.8% 28.6% 23.1% .808
Bwit<4000g 68.2% 71.4% 76.98%
LGA>90 centile 29.4% 28.6% 23.1% .895
AGA 70.6% 71.4% 76.9%

p-value statistically not significant
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Again in the group of obecse women, there were no statistically significant
differences in the percentage of macrosomic babics in the three levels of
glucose tolerance. It was clearly evident tkat the proportions of macrosomic
babies were greater in the obese group than in the mnon-obesc group of

women.

Fig 5.3 features graphic representation of table 4.5 and 4.6 showing the
cffect of glucose tolerance and maternal obesity on development  of
macrosomia. None of the differences in proportion of macrosomia in the two

subgroups in table 4.5 and table 4.6 achicved statistical significance of p<.05.
The graphic representation highlights the following points:

1 The proportion of macrosomic babies is significantly higher ia the

non-GDM obese women than in the non-GDM non-obese women.

2 The proportion of nacrosomic babies in the GDI-obese women is greater
than in the GDI non-obese women, whereas this proportion in the GDI-obcse

group is less than the proportion of macrosomia in the non-GDM obesc women.

3 The proportion of macro:mic babies in the GDM-obese women s
greater than in the GDM non-ubcse women, wherecas the propoertion of
macrosomia in the GDM-ob: .« group is less than the proportion of macrosomia

in the non-GDM obese women
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Graphic representation of table 5.5 and 5.6 showing the effect

glucose tolerance and maternal obesity on development

macrosomia:

{p=ns as p >.03)

Fig 4.3

The Relationship of Glucose
Tolerance to Macrosomia in Obese
(=30BMI) vs non-obese (<30BMI)
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3. interaction Between Maternal Obesity And Glucose
Intolerance

In the multiple Iogistié model 1 and II, the GDI group was the last
parameter to enter at p<.05 with an odds ratio of 1.7 (95%CI of .99-2.7).

As Spellacy et al.® in 1985 had stressed the additive nature of risk factors
like GDM aud obesity for developing macrosomia, we ecxamined glucose
intolerance for any synergistic effect with maternal obesity for development
of fetal macrosomia. For the model testing this interaciicn, glucose intolerance
was categorized as non-GDM, intermediate gestational diabetes (GDI) and GDM
group (treated). Maternal obesity was defined as BIMI>30. Decpendent  variable

was macrosomia.

The five groups examined by this logistic regression model with
reference to the non-obese glucose tolerant pregnant subjecis were:
Obese non-GDM
Obese GDI
Obese GDM
Non-obese GDM
Non-obese GDI

Int i T . Odds__Rati and__p-val
Response variable: Macrosomia =
table 4.14
'Birthweight>4000g’ 'LGA>90th centile'
VYariables N OR p-value OR p-value
Obesity .~ . 13 1.3 92.71 1.6 0.45
Obesity GDI 14 1.7 037 22  0.19
Obesity 85 2.0 0.006* 23 0.001*
Non-Obesity GDM 37 1.0 099 1.4 0.34
Non-Obesity GDI 99 1.5 0.09 1.8 0.03*
Non-obese Non-GDM 751 1.0(reference category) 1.0 -
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Catcgories found to be statistically significant (p<.05) predictors of
macrosomia by this model were ‘obese non-GDM' women and ‘'non-obesec GDI'
women (i.e. + GCT only), as illustrated in table 4.14. On analyzing the results of
tables 4.14 and 4.15, it was clear that the wverage birthweight in the categories
of 'obese mothers' or 'GDI with obesity' is greater by 175 grams or more than in
the reference categoty of '‘non-GDM non-obese’. By the interaction model,
'GDI non-obese' turned out statistically significant but not 'obese GDI'. It may
be so because of small number of subjects in the category of obese GDI (n=14)

as compared to the category of non-cbese GDI (n=99).

Finally, to ascertain the clinical significance of some of the categorics which
were found to be statistically significant, 1 calculated the average baby
birthweights in six groups stratified on the basis of maternal obesity and
levels of glucose tolerance, thus highlighting differences in birthv.eights
among the various groups. The direct application of table 4.15 was in finding
differences in birth weights on the basis of different maternal characteristics
and determining any clinically significant conclusions from the statistically

significant numbers.
Table of average birthweights where N=1000
with number of macrosomics=209

Table 4.15
Maternal Groups Average birthweight in grams
obesity as BMI >30 obesity as pre-preg wt >90kg
I Non-obese 3506 3518
Non-GDM n=751 n=793
Il Obese 3774 3802
Non-GDM n=85 n=43
111 Non-obese 3581 3575
GDI n=99 n=105
IV L. ~se 3684 3835
GDiy n=14 n=8
\Y Non-obese 3570 3590
GDM n=38 n=43
VI  Obese 3561 3447
GDM n=13 n=3§
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Furthermore, a subsct of the total populition (n-1000) was created. the
purposc was to have the same rate of macrosomia in this set as in the general
population of term babics (230 weeks). For this subset, 100 macrosomic babics
were randomly selected from 209 macrosomic babies and were combined witls
790 non-macrosomics, making a sct of 890 babics with an 11.3% rate of
macrosomia which is similar to the rate of macrosomia in the term populiation
at RAIL Thereafter, absolute birthweights for the following categories of

subjects were calculated:

Table of average birthweights, where N 890
and number of macrosomics=100

Table 4.10

Variagble n grams std, dev,
I.Average birthweight 890 3448 471
Males 4069 3517¢g 482

Females 421 3370g H5

I1. Obesity (230 BMI)

Non- GDM & Obese mother 71 3655¢g 442

I11. Glucose Intolerance & Maternal Wt

GDM & OQbese mother 12 3517¢ 313

GDM & Non-Obese mother 33 3443y 457

GDI & Obese mother 13 3614g 593

GDI & Non-Obese mother 84 3451¢g 492

V. Gestational Age

36-40weeks 485 3339¢ 458

40*+-42weeks 388 3588¢g 453

>42weeks 17 33063g 369

V. Smoke

Smoking 270 3322¢ 438

Non-Smoking 0620 3502¢ 475

V1. North American Aboriginal 58 3578g 537

Birthweights that were differeni by morce than 100g from the
population average have been highlight:d. In the highlighted category 1i
(obesity) and HI (GDI with obesity), the. difference in birthweights from the
population average was close to 200 grams and was directly autributable to
maternal obesity irrespective of the glucose tolerance status. No difference in
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birthweight could be found between 'GDIE non-obese’ or 'GDM (treated)-non
obese' and the population average. Again, in the category of GDM with obesity,

the av erage birth weight was 69g more than the population average.
In category 1V, the heaviest babies were between 40-42 weeks gestation.

Smoking has a negative correlation  with birthweight, and with
incidence of macrosomia. Birthweight among women who smoked during the
index  pregnancy was 100 grams less than the popuiation average and
newborns of non-smokers were heavier by ¢ ims than the population

average.

The newborns of North American Aborigina. mothers were 130 grams

heavier than the population average.



CHAPTER 5

RESULTS II:
PREDICTORS OF
DISPROPORTIONATE FAT DISTRIBUTION
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PREDICTORS OF DISPROPORTIONATE FAT DISTRIBUTION

This chapter deals with anlaysis of objective II. Univariate as well as
multivariate analyses were applied for finding the reiative importance of the
predictors of disproportionate growth in necwborns. Mecasures of
disproportionate growth cxamined were:

1. Ponderal Index (birthweight x 100/height®) (PI)
2. Mid-arm circumfercnce:Head circumference (MAC:HC)

3. Abdowminal circumference:Head circumference (AC:HC)

A. COMPARISON OF THE MEAN VALUES

(i) Ponderal Index (P.I.)

T-test was applied for comparison of mean values of ponderal index measurcd
on continuous scale. Variables to be tested were subgrouped as neonatal factors
and maternal faclors.

Table of mean values:Pl

Table 5.1
YARIABLES N MEAN OF PJI.__p-Value
Neonatal

A. LGA 821 2.92 0.0001*
Non-LGA 179 2.71

B. Macrosomia 790 2.89 0.0001*
Non-Macrosomia 210 2.70

C Male Baby 539 2.73 0.87
Fcmale Baby 462 2.76
Maternal

D. Obese (wt>90kg) 942 2.75 0.94
Non-obese 59 2.74

E. BMI<30kg/m? 389 2.75 0.46
BMI30-34kg/m? 74 2.75
BMI>35kg/m?2 38 2.79

F. Non-GDM 838 2.74 0.11
GDI 113 2.75
GDM 50 2.81

G. Gestational Age
< 40wecks 485 2.7 0.76
40-42weeks 388 2.7
>42weeks 17 2.6

*p-value statistically significant. N-pumber of subjects
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The aveirage standard deviation eof ponderal index {or the cntire population
was 0.25. Ponderai index was statistically significantly different betvecen  the
macrosomic and the non-macrosomic newborns but the difference was small
Ponderal index was not statisiically diffcrent duc to factors likc baby's gender.

maternal obesity, glucose tolerance siatus or gestational age.

(ii) Mean Values of MAC:HC and AC:HC

Table of mean values: MAC:HC & AC:HC

Table 5.2
MAC:HC AC:HC

Neonatal

A. Macrosomia 0.33* 0.94%*
Non-Macrosomia 0.31* 0.91*

B. Male Baby 0.31 0.90
Female Baby 0.31 0.92*
Maternal

C Gestational Age
< 40weeks 0.31 0.91
40-42weeks 0.31 0.91
>42weeks 0.31 0.89

D. Non-GDM 0.31 0.91
Intermediate 0.31 0.91
GDM 0.32 0.93

*p-valye statistically significant

The average standard deviation of MAC:HC and AC:HC was 0.02 and 0.05
respectively. The mean values of MAC:HC and AC:HC wcre statistically
significantly (p<.05) different for the two categories in group A  only. The p-
values for all the other groups were >.05 and so not significantly diffcrent

between the categories.
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B. CORRELATIONS

Corrclations between the different measures of disproportionate growth

and nconatal/maternal factors were examined Pearson correlation
cocfficient, r.
Table of correlations
Table 5.3
VARIABLES P.1. MAC:HCAC:HC
Neonatal
1. Birth wecight r 0.37 0.53 0.34
p 0.0001* 0.00* 0.0001*
2. Femalc gender r 0.06 0.02 0.09
P 0.04* 0.33 0.0002*
Maternal
3. Prc-preg wt r 0.02 0.07 0.06
P 0.55 0.01* 0.05*
4. GDM r 0.05 0.08 0.09
P 0.04* 0.01% 0.003*
s. Maternal r -0.05 0.03 0.07
Height P 0.07 0.20 0.03*
6. Weight gain r 0.06 0.143 0.12
P 0.22 0.00* 0.006*
7. Gestational Age r 0.05 0.10 0.008
P 0.08 0.001* 0.4
8. Parity r 0.05 0.06 0.05
P 0.06 0.01* 0.05%
9, North American r 0.04 0.08 0.12
Aboriginal p 0.15 0.006* 0.00*
10. Maternal Age r 0.03 0.07 0.004
p 0.15 0.02* 0.5

r: Pearson's correlation coefficient: p:

*statistically significant

Newborn's birthweight

was

found

to have

statistically significant

correlation with the all the thrce measures of disproportionate growth. Some
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of the other examincd variables like female scx, pre-pregnancy  weight,
weight gain, mateinal height, North American aboriginal status ete.. did
achieve statistically significant correlations but the correlation cocfficient
was very small and those small 'r' values do not cxplain much variability of
clinical importance in the outcome. Presumably, statistically significant p-
values for variables like pre-preg wt, maicrnal beight, wecight gain and North
American Aboriginal etc.. could be duc to their effect on birthweight itscll. All

these variables have further been examined by the multivariate model.

There is not adequate published information on predictors of
disproportionate growth, though there is speculation on the role of genetic
factors or metabolic factors of glucose intolerance, on the outcome of
disproportionate fat disiribution. All the variables mentioned above were
further examined by multivariate methods to dclincate any independent
effects without confounding or co-variance, of these variables on the outcome

of disproportionate fat distribution.

C. LEAST SQUARES REGRESSION ANALYSIS

Univariate statistical mcthods (table 5.1 5.2 5.3) were uscd as a first step to
examine the association of different variables with the outcome. Initial
analysis and assumptions based on the theoretical framcwork led to the model

for testing by step-wise cast squares regression Lechaique.

Measures of disproportionate growth cxamined as dependent  variables (on
continuous scale) by the model were:

1. Ponderal Index (birthweight x 100/height3)

2. Mid-arm circumference:Head circumference

3. Abdominal circumference:Head circumference
Independent variables examined by the model were:
Neonatal:

a) Birth weight on continuous scale

b) Gender

male=0 female=1
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Matcrnal:
a) Pre-pregnancy weight

On continuous scale

¢) Parity
Para 1=1
Para> 2=2

clse, Nulliparous=0

d) Maternal Height

On a continuous scale

¢) Gestational Age
On a continuous scale: 36 37 38 ... >42 wecks

f) Gestational diabetes mellitus
(trcated ) - GDM

g) Impaired Glucosc Tolerance
- GDI

h) North Amcrican Aboriginal women

i) Matcrnal Age- On a continuous scale

Each mecasure of disproportionate growth was examined independently by the

stcpwise procedure producing results shown in tables 54 a b c.
a. Response variable: Ponderal Index

Predictors of Increasing Ponderal Index (n=890)

table 5.4a .
B SE p_value  RZ(cumulative)
a. Birthweight g .00019 (.00..) 0.0001%* 0.13
b. Matermmal Hcight -.47 11) 0.0001* 0.15
¢. Female Sex .6 (.015) 0.0001* 0.17

B: parameter estimate (coefficient); SE: standard error of coefficient;
R2: model R-squared: * statistically significant
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The variance explained by birthweight was 13%. Though other
independent variables like gender and maternal height cntered the model
p<.05, the collective variance explaincd by them was 4% only. On cxamining
the mean values table (5.1), it was clear that the statistical significance (p<.05)
achieved by gender was purcly due to a large sample size and would have no
clinical significance. In addition, the finding of maternal hcight being
negatively correlated with increasing Pl does not have iuuch clinical

significance.

b. Response variable: MAC:HC

Predictors of Increasing MAC:HC Ratio (n=890)

Table 5.4b
B SE p_value RZ{cumulative)
a. Birthweight g .00002 (.00..) 0.000* 0.28
b. Female Sex .005 (.0014) 0.0002* 0.29
c. Maternal Ht -.03 (.01) 0.002* 0.30

B: parameter estimate (coefficient); SE: standard error of coefficient;
&Z: model R-squared: * statistically significant

The variance explained by birthweight was 28%. Though other indcpendent
variables, such as gender and maternal height entered the modcl at p<.05, the

variance explained by either one of them was only 1%.

c. Response variable: AC:HC ratio

Predictors of Increasing AC:HC Ratio (n=890)

Table 5.4c
B SE p value _ R2(cumulative)
a. Birthweight .00003 (.00..) .0001* 0.12
b. Female Sex .024 (.003) .0001* 0.18
c. North American .018 (.006) .Ou2* 0.19

Aboriginal woman

B: parameter estimate (coefficient); SE: standard error of coefficient;
R,%_m_g_dgLR-souaxed: * ctatistically significant
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The variance in AC:HC was 12% explainable duc to the necwborn’s
birthweight. Female gender entered the model next with an explainable
variance of 6%. Ethnicity had necgligible independent effect (variance 1%) on
ACHC.

D. ABSOLUTE VALUES AND GRAPHS

Given below in Table 5.5 arc the absolute values and standard deviation of PI,
MAC:HC and AC:HC in the following categories of variables

a. Macrosomia vs. Noi:-macrosomia

b. Levels of glucose tolerance: non-GDM, GDI, GDM
c. Gestational  age

d. Maic vs. female

Bar graphs (fig 5.1, 5.2, 5.3, 5.4) arc the graphic representation of absolute

values shown in the table below.

C
(n=890)
Table 5.5
Yariables Pl MAC:HC AC:HC
a. Birthweight
Macrosomia 2.92+.24 .33+.02 .94+.04
Non-macrosomia 2.71+.24 314,02 91+.05
b. Glucose tolerance
Non-GDM 2.73+.25 314,02 91+.05
GDI 2.74+.23 31103 .924.04
GDM 2.80+.31 .324+.02 93+.05
c. Gest Age
36-40 weeks 2.75+.24 31+.02 .924.05
40-42 wccks 2.72 £.25 31+.02 .92+.05
>42 weeks 2.60+.20 31103 .90+.04
d. Gender
Male 2.72+.24 31+.02 .90+.05
Female 2.75+.25 31+.03 .92+.05
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E. MULTIVARIATE ANALYSIS OF THE MEASURES AT
>90TH PERCENTILE

In the study of risk factors for shoulder dystocia, Acker ¢t al4? found
that diabetic gravidas experienced shoulder dystocia five times more often
than non diabetic women. Acker et al. considered a gravida to be diabetic if she
either required insulin before or during the curreat pregnancy or had an
abnormal OCTT during the curren. pregnancy. Modanlou ct al.'® noted that the
neonates who experienced shoulder dystocia had greater shoulder to-head
ratios and chest-to-head ratios than the control population. Therefore, because
of the possible role of fat distribution in birth trauma and shoulder dystocia, it
is important to be able to define possible determinants of disproportionality,

other than ihe birth weight itself.

I examined the subjects at >90th percentile of PI or MAC:HC or AC:HC by
further multivariate analysis. Thc purpose of this last cxercise was to
thoroughly screen determinants if any, other than the birthweight, of
disproportionate fat distribution in newborns. Indcpendent variables
examined by this model were: gestational age, ncwborn's birthweight, gender,
mate:.al age, maternal BMI, wecight gain, cthnicity, GDI and GDM.

Stepw se least squares regression was applied to thc following dcpendent

variables using three separate models:

a, newborns at >90th percentile of PI i.e. >3.05
n=113

No variables entered the model at p<.05

b. newborns at >90th percentile of MAC:HC i.e. >0.34

n=119

Only birthweight entered the model at p<.05 with cxplainable variance (R2?) of
3%.

c. newborns at >90th percentile of AC:HC

n=118

Only female sex entered the model at p<.05 with cxplainable variance (R2) of
5%.
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Apparently, there were no determinants of >90th percentile PI in the
model tested. Gencerally, newborns with an increasing birthweight have an
incrcasing height as well, that moderates values of the ponderal index for the
big babies. Therefore, increasing absolute birthweight ceases to be a

determinant of incrcasing Pl

There were no additional determinants of increasing MAC:HC ratio and
cntry of the variable, birthweight at p<.05 with R2 of only 0.03 is of doubtful

clinical wvalue.

Female gender entered the model for increasing AC:HC ratio. The
percentile table 7.3 in chapter 7 also reveals that females have slightly higher
values of AC:HC ratio with increasing birthweight but again R2 of only 0.05 is

of doubtful clinical value.
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CHAPTER 6

RESULTS III:

PLASMA GLUCOSE VALUES
&

BIRTHWEIGHT
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This scction deals with analysis of objective III. We sought to investigate
whether the cxtent of glucose abnormality as reflected by the mean of plasma

glucose valucs, correlates with fetal macrosomia.

We cxamined the relationship between:
1 50 g glucose scrcen test values in  screen-positive women, and fetal
macrosomia (defined as >4000g as well as >90th ccntile)

2) 100 g OGTT values of intermediate and gestational diabetic group of subjects,

and fetal macrosomia

3) GCT, OGTT values, the average of fasting and the average of post-meal blood
glucose values among treated gestational diabetics, and fetal macrosomia, by

the univariatec as well as the multivariate model.

The statistical analysis was carried out ‘vith SAS on the mainframe computer.
Data were cvaluated using t-test, Pearsuu's correlation coefficient and stepwise
multiple regression analysis. Dependent variable was binomial with

birthweight categorized into macrosomia and non-macrosomia.

Distribution of the subjects studied for plasma glucose
values: n =1000

Table 6.1
——Characteristics Number
Non-GDM 949
(GCT-) 836
Intermediate (GCT+ & OGTT-) 113
GDM 50
Diet Therapy 37
Insulin+diet Therapy 13
Prepreg Wt > 90kg 59
BMI > 30 112

Data available on:

GCT+ & OGTT - 112; (missing OGTT values in 1 subject)
GCT+ & OGTT+ 47; (missing OGTT values in 3 subjects,

though they were treated as GDM)
Fasting & Post-Prandial 46 (record misplaced by one subject)

values on glucometers
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46% subjects in the insulin therapy group were obese (>30BMI). whercas only
16% subjects were obese in the dict therapy group. The birthweight and

mate- 1al char:cteristics in these two groups were as below:

‘diet’ vs 'insulin+diet’

(n=37) {(n=13)
birthweight 3515g+540 VS. 3706p+437
average maternal weight 64.43kg+15.3 VS, 80.4kg+28.8
average BMI 24.1kg/m2+5.1 Vs, 29.7kg/m’+8.3

A. COMPARISON BETWEEN MACROSOGMICS AND NON-
MACROSOMICS

vitferences In Plasma Glucose Values
The babies were grouped as macrosomic and non-macrosomic by both the
definitions of macrosomia i.e. by absolute birthweight and by large for
gestational age (>90th percentile for gestational age by gender).
Anc.ysis was done using t-test -n the following plasma giuicose levels
m: ~sured on continuous scale:

JCT value
2. OGTT value: fasting, 1-hour, 2-hour, 3-hour
3. Treated GDM: readings of the average of fasting and of the average of post-

prandial (PP), recorded on home glucometers.

Intermediate Group

The plasma glucose values of intermediatc group (GDI) of subjects (n=112)

were compared between the macrosomics and the non-macrosomics:
Table Of Comparison
Intermediate (GDI) Group

(n=112)
Table 6.2
LGA Macrosomia
non-LGA LGA p non-Macro Macro P
Mean Glucose
Yalue(mmol/l)  (n=84) (n=28) (n=82) (n-30)
GCT 8.6 8.7 0.78 8.7 8.6 0.59
OGTT(fasting) 4.5 4.5 0.60 4.5 4.6 0.37
OGTT (1-hour) 8.2 8.5 0.40 8.2 8.4 0.61
OGTT (2-hour) 7.4 7.3 0.75 7.4 7.2 0.29
OGTT (3-hour) 6.2 59 0.33 6.2 6.0 0.55

none of the p-values are statistically significant
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Table 6.2 shows that the plasma glucose values of GCT and OGTT (F, thr, 2hr,
3hr) were not significantly different between the macrosomic and the non-

macrosomic catcgory of newborns in intermediate group.

GDM Group

The plasma glucose valucs among GDM group of subjects (n=47) were compared
between the macrosomics and the non-macrosomics:

Table Of Comparison
GDM Group (treated)

(n=47)
Table 6.3
LGA Macrosomia

non-LGA LGA p nop-Macro  Macro ___p
GCT 9.1 9.7 0.12 9.1 9.6 0.29
OGTT(fasting) 4.9 5.1 0.45 4.9 5.1 0.45
OGT' T (1-hour) 11.0 11.2 0.74 11.0 11.2 0.74
OGTT (2-hour) 9.6 8.5 0.12 9.6 8.5 0.12
OGTT (3-hour) 7.7 6.2 0.07 7.7 6.3 0.07
Trcated GDM
Average of 4.7 5.3 0.006* 4.8 5.3 0.01*
Fasting
Average of 5.5 6.0 0.01* 5.5 6.0 0.04*
PP

*_n-value statistically significant

The plasma glucose values of GCT and OGTT were not significantly different
between the macrosomic and the non-macrosomic category cof newbomns in
the GDM subjects .

Out of the total 50 subjects diagnosed as GDM, 37 were treated by diet only and
13 were trcated by dict ana insulin. Data on values of average fasting and
average PP were available on 46 subjects only. The values of average fasting
and average PP as recorded by patients on home glucometers were statistically
significantly different between the macrosomics and the non-macrosomics.
The average fasting glucose was greater by 0.60 and the average post-prandial

was greater by 0.50 in macrosomics as compared to non-macrosomics.




B. CORRELATION BETWEEN PLASMA GLUCOSE VALUES
AND BIRTHWEIGHT

Analysis was done using the Pcarson's correlation cocfficient.

Birthweight was analyzed as variable on continuous scale.

Impaired glucose tolerance was subgrouped as GDI (intecrmediate group) and
GDM (treated).

Intermediate Group

Table of correlation
Intermediate (GDI) Group (n=112)

Table 6.4

Plasma  glucose

value of I D
GCT -0.03 0.79
OGTT(fasting) 0.10 0.27
OGTT(1-hour) 0.09 0.36
OGTT(2-hour) -0.07 0.43
OGTT(3-hour) -0.15 0.12

r: correlation coefficient between birthweight and plasma glucose values
. statistically mnot significant at p>.0S

In the intermediate group, there were no statistically significant
correlations between the valucs of 50g glucose challenge test or the individual
values of 100g OGTT (fasting, lhr, 2hr, 3hr) and the newborn's birth wcight.

GDM Group
Table Of Correlation

GDM Group (treated) (n=46)
Table 6.5
Plasma _glucose value I p
T 0.34 0.01*
OGTT(fasting) 0.17 0.26
OGTT(1-hour) 0.15 0.30
OGTT(2-hour) -0.17 0.26
OGTT(3-hour) -0.27 0.07
GDM__treated
Average Of Fasting 0.46 0.001*
Average Of PP 0.38 0.01*

r: correlation coefficient between birthweight and plasma glucose values *p-value
statistically significant




On analyzing corrclation between the plasma glucose values of GCT, OGTT
(fasting, lhour, 2hour and 3hour); the average of fasting and the average of
postprandial readings in the gestational diabetic women, and the newborn's
birth weight; we find that there is a statistically significant positive
correlation between the newborn's birthweight and (a) the values of the 50g
GCT (r=0.34), (b) the values of the average fasting plasma glucose (r=0.46) and
(c) the values of the average post-prandial plasma glucose (r=0.38), as shown

in the table above.

C. MULTIPLE LOGISTIC REGRESSION

Further using the multiple logistic regression model, association of
diffcrent plasma glucose levels with the outcome of macrosomia was examined.
Macrosomia (by both the definitions) was examined as a dependent
dichotomous variable coded as bclow:

O=non-macrosomia

l=macrosomia

Models of the intermediate and the GDM groups were examined scparately with
the following plasma glucose levels as independent continuous variables:
GCT value

OGTT value: fasting, 1-hour, 2-hour, 3-hour

Average of fasting (F)

Avcrage of post-prandial (PP)

Intermediate Group:

Response variable: Macrosomia

Number of observations: 112

Stecpwise regression showed that none of the plasma glucose levels (GCT value,
OGTT values: fasting, 1-hour, 2-hour, 3-hour) were statistically significantly

(p<.05) associated with the outcome of macrosomia.

GDM (treated) Group:

Response variable: Macrosomia

Number of observations: 46
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Among GDM subjects, the only parameter to enter the model at p <.05 was J-hr
OGTT value, and it was found to be ncgatively corrclated with the outcome of
macrosomia (see table 6.6).
Results of multiple logistic regression
(GDM group)
Table 6.6

] p-value
3 hr OGTT -.71 02*

The variables that did not meet the p<.05 significance level of cntry are as in
table 6.7.

Variables not in the model

Table 6.7
Variable Score p
Chi-Square
Average Fasting 3.8 .06
oCr 0.77 37
OGIT
Fasting 0.23 .63
1 hr 1.0 31
2hr 1.8 .18
Average PP 0.54 46
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CHAPTER 7

RESULTS IV
NOMOGRAMS

110



The results section-II revealed that newborn's birthweight has an
independent, positive correlation with all  the thrce mecasures of
disproportionate fat distribution, namely: PI, MAC:HC and AC:HC (R? being 0.13,
0.28 and 0.12 respectively). Gestational age in term babics (>36weeks gestation®
does not significantly alter any of the measures of disproportionate giowth.

Gender also does not alter the mean values of these measures appreciably.

Nomograms based on the 10th, 50th and 90th percentile values of PI,
MAC:HC and AC:HC within different categories of birth weight for term,
normal, singleton newborns werc compiled in tables 7.1, 7.2 and 7.3. Values
for male newborns and female newborns are given in scparate columns in
order to substantiate the fact that gender does not aller these measures

significantly.

Percentiles of PI, MAC:HC and AC:HC for singleton, live,
normal, healthy, term newborns

Percentile of Ponderal Index by Sex

Table 7.1
Males Females

Birthweight Percentile: PI Percentile: Pl
grams N 10 50 90 N 10 50 90
2000-2499g 6 1.8 2.4 2.7 3 2.2 3.0 3.1
2500-299%¢g 51 2.3 2.6 3.0 90 2.4 2.6 5.0
3000-3499g 178 2.4 2.6 2.9 174 2.5 2.7 3.0
3500-3999¢ 167 2.5 2.8 3.1 121 2.5 2.8 3.1
4000-4499g 48 2.6 2.9 3.1 26 2.6 3.0 3.1
>4500g 19 2.6 3.0 3.4 7 2.8 2.9 3.5

Average Standard deviation for PI = +0.24
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Percentile of MAC:HC by Sex

Table 7.2

Malcs Females
Birthweight _Percentile; MAC:HC Percentile: MAC:HC
grams N 10 50 249 N 10 50 920
2000-2499g 6 .24 .30 .31 3 .25 .28 .30
2500-2999¢ 51 27 .29 .32 90 .27 .29 .32
3000-3499g 178 .28 .30 .33 174 .28 .30 .34
3500-3999g 167 .29 .32 .35 121 .29 .32 .35
4000-4499g 48 30 .33 .36 26 .30 .34 .37
>4500g 19 .32 .34 .38 7 .32 .35 .36
Average Standard deviation for MAC:HC= +0.02

Percentile of AC:HC by Sex

Table 7.3

Males Females
Birthweight ___ Percentile: AC:HC Percentile: AC:HC
grams N 10 50 94 N 10 50 90
2000-2499g 6 .79 .82 .88 3 85 .86 .88
2500-2999g 50 .85 .90 .94 87 84 .90 .96
3000-3499g 173 .84 .89 .94 168 87 .92 .98
3500-3999g 164 .86 91 .97 119 .88 .94 .99
40C0-4499g 417 .87 .92 .97 26 89 .95 1.0
>4500g 19 .91 .96 .99 7 .91 .97 1.0

Average Standard deviation for AC:HC= +0.05

Tables of percentiles have been categorized by sex, only to highlight
the fact that female babies in spite of being lighter and of smaller frame,
MAC:HC and AC:HC as their male

have nearly the same values of PI,

counterparts.
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Smaller values of PI for males in the 2000-2499g category can be
explained by their greater height as compared to females in the samc weight
category. With increasing weight, AC:HC ratio has slightly higher values for
female babies as compared to their male counterparts; presumably because of

grcater fat deposition in the female newborns than in the male ncwborns.

Because the proportion of babies in wecight group 2000-2499g was small,

the figures reported for the 90th centile (table 7.1-7.3) are subjcct to statistical
instability.
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CHAPTER 8

DISCUSSION

&
CONCLUSIONS

114



A. Predictors of macrosomia

The pathophysiology of macrosomia rcpresents a complex interrelation
aad interaction of modifiable and non-modifiable, genetic and metabolic
“wevurs. It is not possible to modify most of these risk factors with an aim to
sr.event macrosomia. However, all the risk factors arc uscful in predicting or

id ntifying the large for gestational age baby.

Wwe used both the large-for-gestational age and the absolute birthweight
critcria .3 markers of accclerated growth. Using LGA criteria precluded the
ae:d 1o make adjustments for gestational age and gender. It is important to
raerrion though that the results of the wunivariate and the multivariate

analyses were very similar in spite of using these two different criteria.

Our anaiysis confirms previous reports of the effects of a varicty of
maternal and fetal variables on fetal growth® !, Spellacy ¢t al.® in 1985,
examined the nmaternal characteristics and infant complications in
macrosomic (>4500 g) vs. non-macrosomic newborns. He found three
significant maternal risk factors for fetal macrosomia, namecly post-maturity
(longer than 42 weeks gestation), obesity (greater than 9C¢ kg weight at
delivery) and diabetes (gestational and insulin-dependent types). Although
this well conducted, retrospective study utilized a large database comparing
574 macrosomic infants to a control group of 18,739 non-macrosomic infants,
the analyses did not examine in a multivariate fashion the indcpendent or
combined effects of the various predictors of macrosomia. In addition their
study did not examine various associated maternal characteristics such as
parity, ethnicity, weight gain or maternal height and age. The Spcllacy study
implied an additive nature of these factors. When we tested the additive naturc
of maternal pre-pregnancy weight and levels of glucose intolecrance by using
interaciion terms between these two variables i.e. maternal pre-pregnancy
weight x levels of glucose intolerance in a multiple logistic regression model,
we did not find any synergisitc effect between maternal obesity and glucose

intolerance on the outcome of macrosomia.

In a population-based study of maternal and perinatal outcome in

patients with gestational diabetes, Jacobson and Cousins'! compared 97 cases of
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GDM with 2107 non diabetic control patients. Women with GDM were older, had
a higher pre-pregnancy weight, had greater mean gravidity and their
pregnancy weight gain was less than that of the controls. Stepped multiple
regression  analysis of GDM subjects (n=97) showed that maternal weight at
dclivery was the only significant predictor of birth weight percentile in
patients with gestational diabetes mellitus. They also found that acceptable
glucose control did not normalize birth weight percentiles in patients with
GDM. Neonatal outcome was calculated in terms of birthweight centile (centiles
developed from tables derived from data measured in neonates born at sca-
level) or percentages. Statistically significant differences in percentiles of
birthweight and height between groups may also be analyzed in terms of
differences in absolute birthweight of newborns. In that study, stepped
multiple regression was applied to only 97 subjects with GDM in an attempt to
test several i.e. >15 variables. Minimum sample size to detect any statistically

significant results in this multivariate model should be 150.

Johnson et al.5¢ from lowa in their well-conceived study of ‘matsmal
obesity and pregnancy’ found a significantly increased risk in the obese
patient for gestational diabetes, hypertension, therapeutic induction,
prolonged second stage of labor, shoulder dystocia, macrosomia and post-
datism. The mean birthweight of newborns of obese patients (defined 3
maternal weight >250 lb at some time during pregnancy) was found to be 3,685
g and that of control patients (matched on age and parity, and weighing <200
Ib during pregnancy) was 3250 g. That study was flawed in several ways.
Retrospective data collection from computerized hospital discharge summaries
spanncd a period from 1961 till 1980, during which tremendous advances were
achieved in obstetrics and nconatology thereby introducing discrepancy in
the base-line population statistics. There was also a lack of standard definition
for maternal obesity and a crude criteria of 'standard height adjusted weight
measure’ was applied becau.. the recording of maternal height in discharge

summaries was incomplete.

We sought to obviate these shortcomings in the other studies by
collecting an adequate sample size, keeping power close to 90%, appiying
multivariate analysis to control for the effects of confounding factors, testing
interaction terms, using criteria of absolute weight as well as large-for-
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gestational-age for newborns and pre-pregnancy weight and BMI  for
mothers. Patients meecting inclusion criteria were recruited at the time of
hospitalization for delivery, thus enhancing collection of complete and
unbiased records. Suspicion of a LGA fectus, especially in women who required
insulin during pregnancy lcads to obstetrical interventions at times, in the
form of induction of early labour or pre-term eclective cesarcan section. We
feared that these obstetrical interventions could result in a falsc ncgative rate
of macr somia in our study population. However, on applying LGA critcria
during analysis, the nature and the order of entry of variables into the model

remained almost identical to the absolute weight criteria modcl.

On analyzing by the multiple logistic regression model, 'previous
history of macrosomia' entered first and was found to incrcase the risk of
macrosomia defined by the birthweight criteria, by 7.3 times and that of
macrosomia defined by the LGA criteria, by 9 times. By including the previous
history of macrosomia into the model, the sample size gets reduced to 579, as
only para>1 subjecis can be included in that model. This results in loss of power
and loss of available information on the other variables. Excluding previous
history of macrosomia from the modecl, the order of entry of variables into the
stepwise regression model was maternal pre-pregnancy weight, weight gain,
history of smoking (negative correlation), multiparity, male scx, >40 wccks
gestational age, ethnicity (North American Aboriginal), matcrnal
birthweight>4000g, maternal height, maternal age <17 years and GDI i.c.
intermediate group. GDM did not enter this model at p<.05.

Below I have given an account of predictors in terms of their

applicability in clinical practice:

1 Non-modifiable
Il Modifiable
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I NON-MODIFIABLE PREDICTORS

Predictors in this category find utility in predicting macrosomia at the time of

delivery.

a. Previous history of macrosomia: A woman having produced a macrosomic
baby in the past is at more than 7 times the risk of delivering a macrosomic
baby in the present pregnancy. The risk of macrosomia is directly

proportional to the number of macrosomic babies in the past.

b. Maternal height, ..aternal birthweight and paternal BMI: Every Tcm
increcase in height abowc the average height of 164 cm, increases the risk of
macrosomia by 30%. Paternal BMI was found to be 26.3 in fathers of
macrosomic babies as compared to 25.3 in those of non-macrosomic babies.
This association of birthweight with paternal BMI has to be explored further.

Progeny of constituiicnally taller and heavier parents tends to be taller and
heavier 8!, The effect due to height is independent of the effect due to
maternal weight and other covariates. Maternal birthweight >4000g increased
the risk of macrosomia in her progeny by two fold and this etfect is
indcpendent of the effect due to parental weights and heights. Several recent
studics have shown a strong correlation between maternal and infant

birthweights164 165

Magnus et al.8! on analyzing data from a study of twins concluded that
60% of the variance in birthweight could be explained by genetic factors and
only 10% was attributable to the adult parental variables.

c. Gende f the baby: Male babies are at twice the risk of developing
macrosom.. s female babics. Our population of macrosomic babies had 55%

males as compared to 45% females.

d. Ethnicity: North American Aboriginals constituted 8.3% of the total study
sample. All other characteristics remaining the same, North American
Aboriginal ethnicity predisposed these women to three times the risk of
macrosomia in comparison to the Caucasian women. Women in the ethnic

category of ‘others' and 'Orientals’ were found to have a negative correlation
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with macrosomia, though the last two categories did not achicve statistical

significance at p<.0S5.

Factors so far listed suggest a parental genetic and constitutional

influence on determination of newborn's birthweight.

Some of the other non-modifiable predictors are as follows:
e. Parity: Parity >2 increascs the risk for macrosomia by more than two times

compared to a nulliparous woman.

f. Maternal age: Maternal age <17 years increases the risk by 3 times. Previous
studies have suggested conclusions to the contrary, suspecling inadeguate
nutritional supplementation coupled with pre-term dclivery in these gravidas
resulting in smaller babies!®® 160 161 [padcquate nutritional supplementation
in these adolescent mothers has mainly been attributed to a lack of guidance
and resources and an unhecalthy life style. Since we included only term (>36
weeks), healthy babics in our study; possibly teens delivering ncar term  arc
at higher risk of producing macrosomic babies than other age groups. We had
only 17 subjects in this category of adolescent mothers. However, further
studies examining issues of preterm deliveries and SGA in adolescent mothers

with adequate sauiple size will clarify the issue.
II MODIFIABLE PREDICTORS

The most opportune period to instituic preventive mcasurcs through the
modifiable predictors could be the pre-pregnant or th: ecarly pregnan: state.
Modifiable predictors are of particular interest not only because of their
predictive value but also because of their amenability to alteration. The
predictors in this category can be modified to some extent in order to limit ihe

baby size.

a. Pre-pregnancy weight: A woman weighing 120 kg before pregnancy is at
about 5 times the risk of developing a macrosomic baby than an average
weight womar.  weighing 61 kg (average weight among women weighing <90

kg). Similarly one weighing 105 kg is at 3.4 times the normal risk.
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Avcrage birthweight in an ‘obese non-GDM' is 3655g+442 which is 207g more
than the population average birthweight of 3448g+471. Further implications of
obesity on newborn macrosomia are discussed along with glucose intolerance.
b. Smoking is ncgatively correlated with macrosomia. Every additional five
cigarcttes smoked per day dccrease the risk of macrosomia by 1.5-fold. Average
birthweight among smokers vs. non-smeckers was 3322g+438 vs. 3502g+475.

c. Weight gain in pregnancy: Optimal weight gains are different for women
who begin pregnancy at different nutritional levels. Pre-pregnancy weight
and pregnancy wcight gain have been shown to be additive in their effect on
birthweight'62, Obese women nced to gain tne least amount of weight during

pregnancy in order to limit the baby size!63,

d. Gestational age: Obstetrical interventions in the form of early and planned
pre-term induction of labor or elective cesarean secction are not uncommon on
suspicion of a LGA baby, more so among impaired glucose tolerance group of
women. Univariate analysis had revealed that gestational age of 40-42 weeks
had a higher percentage of macrosomic babies than the gestational age of <40
weeks or >42 weeks. The average birthweight in the category of 40-42 wecks
gestational age is greater oy 250 g than the birthweight in the category of 36-
40 weeks gestatic.al age; whereas in babies born after 42 weeks of gestation,

the average binnweight (3363g+369) starts falling.

Our finding of fewer macrosomic newborns among >42 weeks post-
mature newborns has a biological plausibility. The dwindling placental
function in pregnancies after 42 weeks of gestation leads to diminished

substrate availability and deceleration of fetal growth.

c. Glucose intolerance: Following the Second International workshop-
conference on GDM: SOGC and the Canadian Task force guidelines!®® in Canada
have recommended that all pregnant women be screened for GDM, and if
diagnosed be treated for the same. Therefore, ihe effect of glucose abnormality
in GDM on the outcome of macrosomia is confounded by treatment or control of
the plasma glucose level. However, Langer'?® has recently shown that
treatment of GDM, if not highly intensive may only normalize the plasma

glucose values without preventing accelerated growth in the fetus. As per his
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findings, we should have encountered an increased incidence of macrosomia
in our GDM popi.iztion (if it existed), as glucose control in our study population
was not as strict as suggested by Langer in his intensive therapy group.

Women in the GDI (scrcen + and OGTT -) group represent a group
possibly as close to a non-intervened albeit untrcated group of glucose
intolerance as is currcnily feasible.  The available sample sizc allows us 1o
detect a difference of approximately 125 g in birthweight between GDI group
and the rest of the population at p<.05 and power of 90%.

By univariate analysis, iintermediate (GDI) or gestational diabetes
mellitus (GDM) werc not found to be statistically significantly corrclated with
the increas'd risk of macrosemia. On stratifying into obcsec and non-obese
groups (table 4.12 and 4.13), GD! category in the non-obese subgreoup had a
proportion of macrosomic babies significantly different from the non-obese
non-GDM group at p<.05. By multivariatc model, the GDI group had an OR of
1.6, 95% CI 0.99-2.7 which is of doubtful statistical significance.

Since there was a trend towards an increased incidence of macrosomia
in the GDI group (p>.05), stratification into lean and obese sub-groups shewed
that the overall proportions of macrosomia are much more ia thec obese group
irrespective of the levels of glucose intolerance. Although thcre is a tendency
towards an increased risk of macrosomia in the GDI group of lecan women
(p>.05), the average birthweight of 'non-obese GDI' is no different than the
population average (i.e. 3451g+493 vs. 3448g+471). Thc average birthweight
among ‘obesec GDI' is 166 g morc than the population average (3614g+595 vs.
3448g+471). Similarly, the average birthweight among 'obesc GDM' is 69 g more
than the total population average; whereas, average birthweight of 'non-obesc
GDM' is no different from the population average birthweight (3443g+457 vs.
3448g+471). Differences in birthweight of less than about 150 grams would not

likely be clinically significant and have a questionable clinical applicability.

In addition, there seems to be no synergistic or potentiating cffect of
glucose intolerance (GDI or GDM) on obesity for development of macrosomia.
In fact, we can not categorically comment on our finding of statistically non-
significant interactive effect between maternal obesity and GDM for the

outcome of macrosomia, because GDM subjects receive trcatment with a goal to
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normalize plasma glucosc values, thereby eliminating the possible morbid

cffect of high glucose levels on the newborn's birthweight.

Of the 50 GDM women in the study sample, 37 were on diet therapy and
13 were on dict+insulin therapy. 46% of the insulin treated women were obese
(>30BMI), whereas only 16% were obese in the diet therapy group. Looking at
the birthweight and maternal characteristics of the 'diet therapy only' group
(n=37) vs. the ‘insulin+dict therapy' group (n=13), birthweight was 3515g+540
vs. 3706g+437 and average maternal weight and BMI were 64.43kg+15.3 vs.
80.4kg+28.8 and 24.1kg/m?%+5.1 vs. 29.7kg/m2+ 8.3 respectively. Seemingly, the
increcased birthweight in insulin+diet thcrapy group is possit'y explained by
the maternal obssity component more than the glucose intolerance per se.
Otherwise there should have becn no difference in newborn's birthweight in
insulin+dict thecrapy group from the population average, assuming that
insulin normalizes the plasma glucose values and prevents macrosomia. Since
there were fewer obese subjects in the diet therapy group, it might have been
responsible for a small difference in mean birthweight between the diet

therapy group and the population average.

Plasma glucose values of GCT and OGTT (f,1hr, 2hr, 3hr) were not
significantly different between the macrosomics (by absolute weight criteria
as well as by LGA criteria) and the non-macrosomics, both in the GDI and the
GDM groups. Macrosomia was not associated with the degree of glucose
abnormality in GCT or OGTT levels.

The finding that the average of fasting and the average of post-prandial
glucose values among GDM treated subjects were found to be statistically
significantly differcnt between the macrosomics and the non-macrosomics
(4.7 vs. 5.3 and 5.5 vs. 6) leads us to believe that the birthweight is related to
the level of glucose control in the third trimester. However, the clinical
significance of the average difference amounting to 0.6 units between the
macrosomics and the non-macrosomics, of the tests performed by the
pregnant women on home glucometer needs to be ascertained. The consensus
statement!36 on Self-Monitoring of Blood Glucose (SMBG) states that
approximately 50-70% of individuals who receive some sort of formal training

are capable of obtaining a result within 20% of the reference method. The

122



most common reason for errors in SMBG is failure to follow instructions
regarding proper application, timing, and removal of the blood sample. Since
the total span of training, leaming and fcedback on accuracy, of the tests
performed by gestational diabetics is less than 12 wecks, the test results may
not be as reliable as are generally assumed. It is important to mention here
that on closer questioning, approximately 20% of the GDM women in our study
population admitted to non-compliance or partial-compliance with the
treatment plan (therapy or testing on glucometers or both). Besides, the
multivariate model did not reveal any significant independent associations
betweeri the outcome of macrosomia and the plasma glucose levels of GCT or
OGTT or the average of fasting or post-prandial glucose valucs. What is
clinically relevant is not purely the correlations of macrosomia with plasma
glucose values but the difference in birthweight and attendant morbidity if

any, as a result of these statistically differeat plasma glucosc levels.

Regarding plasma glucose levels of GCT and OGTT, our findings do not
agree with  conclusions by Langer et al.’and others'® 74 19 thyt there is an
increasing incidence of macrosomia with increasing 2-hour values on the
OGTT or with abnormal 50g screening values. Tallanigo ct al.’% in a study of
borderline glucose intolerant women reported an incrcased incidence of
macrosomia in women with higher 2-hour plasma gluzose levels of the oral 3-
hour GTT. They did not consider any correction of birth weight for other
factors known to affect birth weight, such as gestational age, race,
socioeconomic status, smoking status, maternal age, parity, body mass indcx or
maternal weight gain. Recently, Langer et al.'2? concluded that intcnsificd
management improves pregnancy outcome. The intcnsified management
group had a rate of macrosomia (LGA 13.1%) similar to that found in the non-
diabetic controls. In contrast, the conventional managzment group showed
rate of macrosomia (LGA 20.1%) comparable to that previously reported for
women with GOM (20-30%). This study used different criteria for diagnosis of
GDM thereby classifying 10% of the screencd population as gestational
diabetic. In our study, with the so-called 'conventional' treatment (as described
by Langer) of GDM, we found no statistically significant difference in the rate
of macrosomia between gestational diabetics who received treatment,
intermediate group (GDI i.e. no-treatment group) and the rest of the

population. In Langer study the mean birthweights in the three categorics of
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control group, conventional therapy group and intensified group were
3239+658g, 3340+635g and 3250+647g, respectively.

What remain: to be ascertained includes:

(1) the clinical relevance of less than 150 grams difference in birthweight
due to glucose intolcrance status and its implication on the increased risk of

birth trauma.

(2) the role of non-compliance on macrosomia ana other concomitant

nconatal morbidities.

(3) correlation between plasma glucose values, particularly third trimester
post-treatment plasma glucose values, and accelerated fetal growth with

associaled morbidities with a larger sample size.

Conclusions

| Pre-pregnancy weight, weight gain in pregnancy and previous history
of macrosomia are the most important predictive factors for newborn

macrosomia; and the first two of these predictors are modifiable.

i There is no predictive value of plasma glucose values of glucose screen

test and oral glucose tolerance test for macrosomia.

111 Therapeutic strategies for GDM are driven by consensus or inference,
rather than by direct evidence about favorable changes in key endpoints.
Despite third trimester plasma glucose level differences between macrosomics
and non-macrosomics, there is little in this study to substantiate the wide
reccommendation of universal screening and tight glycemic control among
GDM women.

Increased fetal growth in macrosomic newborns may be more reiated to
the metabolic abnormalities associated with obesity than to those associated
with well-controlled gestational diabetes mellitus. Our data suggest that we

should concentrate more on containment of excessive pre-pregnancy weight
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and weight gain during pregnancy rather than on glucosc intolerance. Until
the controversy regarding the role of glucose intolcrance in development of
macrosomia and associated neconatal marbidities is  scttled, we are not justified
in subjecting the total population of pregnant women to the cconomic, social
and emotiona! disadvantages of being so trcated. In addition, the health care
system is being taxed without concrete evidence of effectiveness of treatment
other than near normalization of plasma glucose valucs in gestational

diabetics.

The suggested morbidity due to higher levels of glucose in GDM subjects
is confounded by the therapeutic measurcs aiming to normalize the glucose
levels. Therefore, it is not possible to study the effects due to higher plasma
glucose levels without suspending trcatment (in a clinical trial) for glucose
abnormality in GDM subjects. In view of a doubtful incrcased risk of
macrosomia among GDI group of women and subtle differences in plasma
glucose values in third trimester between macrosomics and non-macrosomics,;
a randomized, controlled trial of treatment vs. no-treatment of GDM subjects
could only conclusively ascertain an absolute risk and ultimate n..rbidity due

to gestational diabetes mellitus.
Implications for care

Diet therapy and exercisc therapy are thc mainstay of therapeutic
strategy for obese women. Possible interventions may include: community,

family or individual nutrition education and promotion of thc balanced dict.
Implications for research

I There is a significant association between gestational diabetes mellitus
and maternal obesity. Whether or not impaired glucose intolerance, in itself, is
causally related to adverse outcomes of pregnancy remains to be established.
The outcome of newborn macrosomia is an intermediate morbidity mcasure.
The clinical relevance of macrosomia is in relation to shoulder dystocia, birth
trauma and birth asphyxia; the ultimate morbiditics of concern. Proportion of
birth trauma or shoulder dystocia or birth asphyxia or any of the suggested
metabolic abnormalities in babics of GDM subjects is so low that examining
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these measures individually will require a mammoth sample size. We have no
set criteria for a cummulative scoring system or a tool like 'morbidity index’
for adversc nconatal andfor maternal ouicomes due to glucose abnormality in
precgnancy. Beforc planning a RCT of treatment versus no-treatment, it is
critical to develop a ‘'morbidity index' that relates increasing glucose
intolerance to higher risks of adverse maternal-fetal outcomes while adjusting

for confounding factors present in maternal characteristics.
Il We should focus on testing interventions to normalize women's weight
beforc pregnancy or during the inter-pregnancy interval and further

cxploring the best strategy to contain pre-pregnancy weight and weight gain

during pregnancy.

Il Exploring uscfulness, proper time and duration of exercise therapy.
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B. Predictors of disproportionate growth

There is very litile information on the determinants of disproportionate
fat distribution in newborns. It has often been stated that the measurements of
muscle plus fat (MAC) and body proportionality (MAC:HC, PlI, AC:HC ectc..) may
be important adjuncts to birth weight, length, and head circumference in the
nutritional assessment of newborns in utero. The role of these factors in
shoulder dystocia has been stressed by Modanlou et al.'®. These mecasurements
may also be used as tools to predict nconatal metabolic complications in the

early perinatal period32.

Univariate as well as multivariate techniques have revealed that birth
weight is the only predictor of the so-called disproportionate fat distribution.
About 12-20% of the variance in these mecasurcs is explained by birthweight.
None of the other factors such as gender, gestational age at term, matcrnal
pre-pregnancy weight, weight gain, parity, maternal height, maternal age,
glucose tolerance status, smoking independent of its effect due to birthweight

or ethnicity have any independent association with these mecasures of growth.

Conclusions

We have found no predictors of increasing ponderal index, MAC:HC and
AC:HC i.e. the measures of disproportionate fat distribution, even among thosc
with >90th percentile values of PI, MAC:HC and AC:HC, other than the birth
weight itself. We did not include pre-gestational diabetic subjects in our study,
therefore we can not comment on the impact of more severe levels of glucose

metabolic abnormality on disproportionate fat distribution.
Implications for further research

Possibly, more sensitive techniques should be cxamined and standardized for
ascertaining disproportionate fat distribution in the newbom, so that we can
conclusively explain existence/non-existence of this entity of
disproportionate fat distribution in macrosomic babies. The clinicai
significance of these subtle differences in disproportionate fat distribution

requiring any more sensitive measures is debatable.
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C. Nomograms

Data on normative anthropometric measurements nave been presented
as tables of 10th, 50th and 90th percentile values of the anthropometric
measurements on birthweight. To my knowledge, these tables are the first
ever compiled by percentile values on measures of fat distribution in the

ncwborns.

These tables can possibly be utilized by:

a) the pediatricians for purposes of aberrant growth pattern recognition at
birth, such as hydrocephaly, microcephaly and achondroplasia etc..

b) the nutritionists for projecting normal nutritional standards in -utero.

c) the obstetricians and perinatologists for reference regarding a difficult

delivery and subsequent birtii trauma.
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CHAPTER 10

LIMITATIONS OF THE STUDY

129



If 1 were to design and conduct the same study again; I would like to make the

following amendments:

A, Idcally have 100% compliance with screening (at least during the study
period) for gestational diabetes mellitus in the pregnant population i.e.

without any initial filter of subjects at the obstetrician’s office.

B. Change recruitment pattern from a ‘convenience sample' to a 'random
sample’. No recruitments were made on the weckends and as 'an early
discharge program after delivery’ was in effect at both the participating
hospitals, paticnts gencrally left hospital by 48 hrs after delivery. As a result,
the patients delivering on weekends were underrepresented in the sample. It
would be unlikely that this sampling procedure made a significant difference

to the analysis or the results.

C Again, ideally have an absolute uniformity of therapeutic measures
between the two participating hospitals. Cut-off plasma glucose levels for
initiating insulin administration at the RAH were > 5.5 mmol/l for fasting and
>6.5 mmol/l for post-prandial; whercas at the Grey Nuns, the respective levels
were >5 mmol/l and >6 mmol/l. Out of 1000 subjects, 143 subjects were recruited

from the Grey Nuns hospital.

D. Idcally, have a ‘non-intervened’ GDM group (untreated) for analysis.
With the existing design, the true relative risk due to GDM can not be
ascertained; as once GDM is diagnosed, treatment is currently not withheld due

to ethical recasons.
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Appendix:]
GESTATIONAL DIABETES MELLITUS AND FETAL MACROSOMIA

MOTHER'S DATA ENTRY FORM
STUDY NO PATIENT"S NAME:
HOSPITAL NO PATIENT"S AGE
Physician In-charge
Husband's Height

---------------------- Husband's Weight
Pre-PregnancyWt Maternal Birth Weight gms
<90Kg 1 Soker ()
90-120Kg 2 Yes (1) No (2)
>120Kg 3 If (1); no. of cigarettes/day____
Height cms Alcohol ()
BMI Yes (1) No (2)

If (1); no. of Vs/day___
<28 1
28-31 2 Previous Macrosomic Infant YES/NO
>31 3
OBSTETRICAL HISTORY:
LMP Weight gain during pregnancy kg
Parity Gestational Age ___ _ ____ wk
Mode of Delivery:

(a) vaginal
(b) /s
PLASMA GLUCOSE STATUS :
1 Negative
2 Intermediates

3 Positive 50 gms Ciucose Screening Test

Result of the glucose challenge testi:
Result of OGTT

Diet vs Insul¥n control

Average (weekly) fasting blood glucose:

Average (weckes) 2hr blood glucose:

REMARKS:

144

50 gms Glucose Screcening Test

50 gms Glucose Screening Test

spontaneous / induced / forceps

elective / emergency

(-)

(+) & 100 gms Oral Glucose
Tolerance Test (-)

(+) & 100 gms Oral Glucose
Tolerance Test (+)

Date:



Appendix :1I

GESTATIONAL DIABETES MELLITUS AND FETAL MACROSOMIA
|}

STUDY NO : BABY NAME :

Hospital No (Baby) Sex : M/F

Hospital No (Mother) : Date of Birth :

ANTHROPOMETRY

BirthWeight Gr Body Mass Index

Height ¢ Ponderal Index :
(wt.in gms3*100/ht in cms)

Head Circumfrence cms

Mid- Arm Circumfrence cms MAC/HC

CORD BLOOD BIOCHEMISTRY
Glucose level : . IGF 1
Insulin level : IGFBP 1

BABY'S STATUS

Gestational Age wks Congenital Anomaly Yes/No
Birth Trauma Shoulder Dystocia Yes/No
REMARKS:

Macrosomia/Non Macrosomia

Proportional/Disproportional

Date:

145



£ Royal Alexandra

Appendix: 1II
GESTATIONAL DIABETES MELLITUS AND FETAL MACROSOMIA
NT

Investigators: Dr Okun & Dr Verma

I have received information regarding the above titled study and
I understand that the main purpose of the study is to ascertain
factors influencing birthweight and size of the newborn baby.
Physical features and measurements of newborns with birthweight
more than 4000 gms will be compared with those of birthweight less
than 4000 gms.

I understand that no research related painful procedure will be
involved and most of the information will be gathered from hospital
records of my routine investigations and a short interview with me
during my stay in the hospital at the time of baby's birth. Baby will
be weighed and will have measurements of his/her head, arm and
abdomen taken with a measuring tape.

I further understand that within this study, all information about
me or my baby will remain confidential and will serve only for the
purposes of research analysis. Should I decide to withdraw my
participation from the study at any time, I may do so without any
prejudice to me or my baby's overall health care.

Any pertinent questions that I asked, have been answered to my
satisfaction and I understand that I may call Dr Okun or Dr Verma at
477-4812 in case of any further enquiries.

I have received a copy of the informed consent and agree to
participate voluntarily in this study.

(Patient's Name) (Patient's Signature)
(Baby's Name) (Witness's Sigpature)
Date: (Investigator's Signature)

DISTRIBUTION: WHITE - OFFICE COPYQ CANARY - PATIENT'S COPY
146
PERI. 003 Jan. 83




APPENDIX 1V

BAKER CLINIC

10025 - 106 STREET

DEPARTMENT OF EDMONTON, ALBERTA TEL (403) 423 6911

INTERNAL MEDICINE 154 1G4 FAX (4030 406 200
AY

OUR CHART

16 July 1992

Dr. Nan Okun

c/o Perinatology Clinic
Royal Alexandra Hospital,
10240 Kingsway Avenue,
Edmonton, Alberta,

TS5H 3V9

Dear Dr. Okun:

This letter will confirm my participation in the proposed study on the relative
importance of gestational diabetes mellitus in the development of fetal macrosomia.
As per the study protocol, my involvement in this study would involve confirmation
of the diagnosis of gestational diabetes in patients attending the Royal Alexandra
Hospital Diabetic Program as well as their on going management during the
pregnancy and the recording of their relevant glucose data. These patients will be
attending out Outpatient Diabetes Clinic where they will receive full instruction in
their diabetic condition, home blood glucose monitoring techniques and diabetie diet.
Those :leemed necessary for additional glucose management with insulin will be
treated in the usual fashion as per our criteria.

We look forward to participating in this study with you.

Sincerely yours,
- - " )

\}<x/ /\),»//( ST e i /‘/
C. KEITH BOWERING, M.D., F.R.C.P.C.
Medical Director, Diabetes Care Programs

Royal Alexandra Hospital
CKB/jw
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=T T IR T IR Division o Foandocnmology and NMetabolisin

§
&,‘ l L!l‘.\\rn“/l\
AV A L . e e ————————— e e —

'J“’// Canada TaC 182 2o2F Climcal Wing Hentage Medical Research Centre
Telephone (403) 422-0011

Facanule  (403) 492-5291
Edmond A Ryan, MD. MRCPL FRCPC

July 24, 1992

Dr. Nan Okun

Obstetrics & Gynecology
Royal Alexandra Hospital
10240 Kingsway Avenue
Edmonton, AB

TSH 3V9

R “MACROSCMIA: THE RELATIVE RELATIONSHIP OF BIRTH WEIGHT TO PREPREGNANCY

AND PREGNANCY VARIABLES"

Dear Nan:

I would be pleased to help you in the performance of this study.
Gestational diabetes is an important area and resolution of its importance
versus maternal obesity in causing macrosomia is a gquestion that requires
careful study. I thus welcome the opportunity to collaborate with you and
would be pleased to offer any assistance I can.

Yours sincerely,

S

Edmond A. Ryan, M.D.
Division of Endocrinology

EAR/vgf
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ALATAL Y I W AN

Dr. Robert E. Lefebvre, M.0., FRCPC Dr. Mitchell S. Akman, M.0., Fi- i’
PROFESSIONAL CCRPORATICN PROF ESSIONAL CORPORATION
Nephrology Endocninology & Motabolsm

INTERNAL MEDICINE
805 PROFESSIONAl BUNL DING
10830 JASPER AVENUE
EDNMONTON, AL BLRTA
154 28)

PHONE: 4264106

July 20, 1992

Dr. Nan Okun

Royal Alexandra Women's Centre
10240-Kingsway Ave.

EDMCNTON, Alta.

TSH 3Vv9

Dear Dr. Okun:

After having read the propeosal that you presented on
contributing factors to macrosomia in gestational diabetes
I can say that I whole heartily support this project. 1 would
be more than happy to coordinate things at the Edmonton General
(Grey Nuns Hospital). As you know 1 am involved in both
diagnosing and maraging the gestational diabetics from the
Grey Nuns Hospital and would have no trouble providing you
the necessary information for this project.

Determining the factors which cause macrosomia in this patient

population would be of great benefit. I hope this 1is of
assistance.

Yours sincerely,

7918

Mitchell Akman, M.D.

MSA/1r
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o/ iﬁj‘* Grey Nuns
ﬁﬂn@? ‘ Hospital

1100 Yoovl'e Drva Mew tomorton. Ateta "¢l Sx3 Tel. (403} 450-70C0 Fcx. (4C3) 480-75CC

July 20, 1992

To whom it may concern:

This letter is an acknowledgment that I am aware and approve of the study "The
Relative Tmportance of Gestational Diabetes Mellitus in the Development of Fetal
Maciosomia”. 1 will discuss this protocol with members of the attending staff
and whom 1 am sure will agree to cntering patients into the study, pending
individual consent. The protocol will be assessed by our Research Steering
Committee when I } ¢ obtained the final protocol and funding information.

Yourf sincerely,
N [é¢4mm

N. Schuurmans, MD, FRCS(C)
Clinical Head, Department of Obstetrics & Gynecology

faxed July 20, 1992 - original to follow by mall.
he :
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ROYAL ALERANDRA HONPII AL
WOMEN'S CENTRE
ATONATCUSTRVICES 477 - andd
PERINATAL SERVICLS 477 - 4008

UNIVERSITY OF ALBERTA HOSPITALS
NEONATAL SERVICES 492 - 6187
PERINATAL SERVICES 492 - 6372

17 July, 1992

re: The Relative Importance of Gestational Diabetes
— in_the Development of Fetal Macrosomia

The research proposal prepared by Drs. N. Okun, A. Verma, G. Flowerdew,
and D. Morrish has been reviewed in detail by myself and the Department of

Obstetrics and Gynecology. The research proposal is found to be well-done
and asks a relevant gquestion.

The Department of Obstetrics and Gynecology has shown unanimous support
for this research proposal and are willing to have their patients enrolled

in this study and to perform the tests that are required to fulfill the
inclusion criteria.

Yours truly, \\ ~
\
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——
CC &4
~.J \

Nestor N. Demianczuk, M.D., FRCSC
Chief, Dept. of O & G
Royal Alexandra Hospital
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Uniser<ity ot Alberta Departinent ot Obstetiies and Gyiacoology

Edmonton

Canada T 2RT ) 1D Walter € Machenaie Health Saiences Centre
Telephone (403) 192.0636 Fax (s03) 492 7720

BF (Peter) Mitchell, Professor and Chairman

July 15, 1992

Dr. Nan Okun

Division of Maternal-Fetal Mecdicine
Royal Alexandra Hospital

1929 Women's Centre

10240 Kingsway Avcnue
FEdmonton, Alberta

TSH 3V9

Dcar Nan:

1 just read your proposal regarding a prospective cpidemiologic study of the
association of gestational diabetes mellitus with macrosomia and fetal
proportional growth. I think it is an exccllent study. I am quite enthusiastic
that Anila Varma is an cxcellent graduate student to have on this project. Her
commitment is indicated by her registration in the courses in Epidemiology
and Biostatistics and her abilities by the good grades shc has obtaincd. The
research question is a very relevant one and one which I think you will be
able 10 answer with your proposal. The rcsuits could have a significant
influence on our approach to diabetes mcllitus diagnosed during pregnancy.

We have discussed your proposed protocol with our staff members here at
University of Alberta Hospitals.  There is gencral agreement and enthusiasm.
1 am confident our atiending staff will cooperate fully with proper screening
and assistance in patient recruitment,

Many thanks for including our hospital in your study. 1 am looking forward to
sceing the results. Please let me know if there is anything further 1 can do te
help with the project.

t personal rcgards.

e

B.F. Mitchell, M.D.
Professor and Chairman

BFM/dac
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