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In this thesis, prevalence and risk factors of gestational diabetes mellitus (GDM) and 

infant macrosomia were examined arnong the Cree of James Bay, and the risk for these 

outcomes was compared with non-Native Canadian women. Chapter 1 provides the 

rationale for the study and enlists specific objectives of this doctoral research. An in- 

depth literature review on GDM and ùifant macrosomia is presented in Chapter 2. The 

findings of this research are presented in the form of thrre manuscripts in Chapters 3-5. 

Chapter 3 investigates the prevalence of GDM arnong the Cree using standardized 

critena. Chapter 4 examines reasons for the high prevalence of GDM among the Cree and 

compares the risk for GDM between Cree women and Canadian non-Native women. 

Chapter 5 documents independent risk factors for infant macrosomia among the Cree and 

compares these with risk factors among non-Native Canadians. The thesis ends (chapter 

6) with a summary of the findings and an overall conclusion. 



The objectives of this research were to determine the prevalence of gestational diabetes 

mellitus (GDM) among the Cree of James Bay, identiq independent nsk f a o n  for 

GDM and infant macrosomia in this population and compare the risk for GDM and infant 

macrosomia arnong Cree women with Canadian non-Native women. The prevalence of 

GDM using the National Diabetes Data Group criteria among the Cree was 12.8% (95% 

CI: 10.1-1 SS), among the highest ever reportexi for an Aborigind group. Independent 

risk factors for GDM among the Cree were advanced age, pregravid overweight and 

previous GDM. A cornparison of risk of GDM between Cree and non-Native women 

revealed a significant interaction between ethnicity and pregravid weight. Oveweight 

Cree women were at an elevated risk for GDM compared with overweight non-Native 

women (OR: 2.3, 95% CI: 1.3-3.8), whereas the risk for GDM was not statistically 

different between normal weight Cree and non-Native women (OR: 1.495% CI: 0.7-2.7) 

after adjusting for age, parity, and smoking status. Mean buth weight among Cree infants 

was 3859 * 519 g, the highest reporteci for any ethnic group in the world. Macrosomia 

prevalence was aiso hi@ at 34.3%. Independent nsk factors for macrosomia among the 

Cree were advanced age, pregravid overweight and GDM. A significant interaction was 

noted between ethnicity and GDM on risk for macrosornia. GDM increased the risk for 

macrosomia 4.5-fold among the Cree but had no significant effect among non-Natives. 

AAer adjusting for age, parity, pregravid weight, gestationai weight gain, GDM, 

gestational duration and smoking status, Cree infants remaineci heavier than non-Native 

infants by 235 g. The results of this research indicate the need to control pregravid 

obesity through culturally acceptable dietary modifications and exercise in order to 

minimize the risk for GDM among Cree women. The significant impact of GDM on risk 

for macrosomia among the Cree calls for the re-evaluation of the existing treatrnent 

strategies for GDM. 



Les objectifs de cette recherche étaient de déterminer la prévalence de diabète mellitus 

gestationne1 @MG) chez les Cree de la Baie James. d'identifier des facteurs de risque 

indépendants pour le DMG et pour la macrosomie infantile dans cette population, et de 

comparer le nsque pour le DMG et la macrosomie infantile chez les femmes Cree avec celui 

de femmes canadiennes non-autochtones. La prévalence de DMG chez les Cree était 12.8% 

(95% IC: 10.1-15.5) d'après le 'Wational Diabetes Data Group", un des plus élevé jamais 

rapporté pour un groupe autochtone. Les facteurs de risque indépendants pour le DMG chez 

les Cree étaient un age avancé, un surplus de poids pré-gravide et du DMG antérieur. Une 

comparaison du risque pour le DMG entre les Cree et les femmes non-autochtones a révélé 

une interaction significative entre l'ethnie et le poids pré-gravide. Les femmes Cree avec un 

surplus de poids courraient un risque élevé pour le DMG comparativement aux femmes non- 

autochtones avec un surplus de poids (OR: 2.3.95% IC: 1.3-3.S). tandis que le risque pou. 

le DMG n'était pas statistiquement différent entre les femmes Cree et les femmes non- 

autochtones de poids normal (OR: 1.4, 95% IC: 0.7-2.7) après ajustement pour l'âge, la 

parité, et le statut de fbmeur. Le poids moyen à la naissance des nouveau-nés Cree était 3859 

i 519 g, le plus élevé de tous les groupes ethniques au monde. La prévalence de la 

macrosomie était aussi élevée à 34.3%. Les facteurs de risque indépendants pour la 

macrosomie chez les Cree étaient I'âge avancé, le poids pré-gravide, et le DMG. Une 

interaction significative a été noté entre l'ethnie et le DMG pour le risque de macrosomie. 

Chez les Cree, le risque de macrosomie est 4.5 rois plus élevé s'il y a présence de DMG, 

mais cet effet n'est pas observé chez les non-autochtones. Les résultats de la présente étude 

indique le besoin de contrôler l'obésité pré-gravide par des modifications nutritionnelles qui 

seraient culturellement acceptables et des exercices, dans le but de minimiser le risque de 

DMG chez les femmes Cree. L'impact significatif du DMG sur le risque de macrosomie 

chez les Cree demande une réévaluation des stratégies en place pour le DMG. 



THESIS GUIDELINES 

This thesis uses a manuscript-based format by including three papers as published 

or submitted for publication. As pet Faculty regulations, the following five paragraphs 

are reproduced fkom the Guidelines for Thesis Preparation by the Faculty o f  Graduate 

Studies and Research. 

'Candidates have the option of including, as parî of the thesis, the fat of a 

paperfs) submitted or to be submitted for publicatàon, or the clearly-duplicated 

texî of a pubiished poprr(s)). ïnese t a r ~  must be &und as an ihtegraî part of 

the thesis* 

If this option is chosen, connecting ta ts  that provide logrgrcaI bruilges between 

the different papers are mandatory. The thesis must be wBnen in such a way 

t h a ~  it is more than a Anere coIIem'on of munuscn'pts; in other words, results of 

a series of papers must be integrated 

The thesis must stiW conform to 4U other requirements of the "Guidelines for 

Thesis Preparation". The thesis must inchde: A Table of Comtents, aN ebstract 

in English and French, an introduction which clearî'y States the rationde and 

objectives of the stuc, a comprehensive review of the fiterature, a &al 

conclusion and sumrnary, and a thorough biblbgraphy or reference lis& 

Additional matetùü must be provided where appropriate (kg. in appendices) 

and in s u m n t  detail to d o w  a clear and precise judgment to be made of the 

importance and originality of the research reported in the thesis. 

I n  the case of the manuscr@ts c ~ u t h o r e d  by the candidate and others, the 

candidate is required to make an expficit sîatement in the thesis as to who 

contributed to such work and to what &en& Supervisors must attest to the 

accuraq of svch statements ut the doctoral oral defense. Since the task of the 



examiners is maùe more dimult  in tirese cases, ir is in the candidrde's interest 

ta make prrfertly clear the respolisibilities of d the authors of the co-rruthored 

papers. Undm no circumstances can a co-uutkor of any compnent of such a 

thesis serve as an examiner for tkat thesis- 
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This doctoral research is original both with regard to the objectives proposed and 

the findings obtained. The candidate was responsible for the conception and desi@ of the 

studies, part of the data collection, solely responsible for data management and analyses 

and the preparation of the manuscripts Dr. K. Gray-Donald, the thesis supervisor, 

worked with the candidate in the formulation of research questions and snidy design, 

provided guidance in interpreting the data and reviewed the maauscnpts. Dr. E. J. 

Robinson reviewed al1 three manuscripts and ensured approval of the manuscripts by the 

Cree health board before submission of these to peer-reviewed journals. Dr. H. Ghezzo 

provided statistical guidance for the second manuscript (chapter 4). Dr. M. S. Kramer 

reviewed the iast manuscript (chapter 5) and provided uisightful comments. 

This is the first study to document GDM prevalence among the Cree of James 

Bay using standardized critena. The prevalence of GDM of 12.8% among the James Bay 

Cree (chapter 3) is the second highest prevalence reported for an aboriginal group 

worldwide. This prevalence estirnate is more accurate than those reported for other 

Native populations because it includes an estirnate of GDM cases among those with high 

screen values who did not undergo a diagnostic test, which has not been done previousiy. 

Very little idormation is available on independent risk factors for GDM in 

Aboriginal populations. Further, none of these studies detemined the effect of 

prediagnostic rate of weight gain, diet and physical activity on GDM risk. Our study is 

the first to explore the effécts of these risk factors in well-controlled analyses and 

provides important new information on the independent or interactive effects of risk 

factors for GDM in an Aboriginal group. 

Cree infants have the highest reported mean birth weight in the world and a high 

prevalence of infant macrosomia. Yet risk factors for macrosomia in this population have 

not been previously docurnented. This is the first well-controlled study which identified 

independent risk factors for infant macrosomia in this Aboriginal population. 

No study among Aboriginal people has used nonoNative controls to explore ethnic 

differences in risk for GDM or infant macrosomia. This research was the first to compare 

the risk for GDM and infant macrosornia between a Canadian Native group and non- 



Native Canadian women f i e r  ngorously controlling for differences in the distributions of 

risk factors between the two populations. Population differences in these risk factors are 

very important in texms of body weight and age at delivery. 

This study is the first to report an interaction between body weight and ethnicity 

as a determinant of GDM (chapter 4). Only obese Cree women were at an increased risk 

for GDM compared with obese non-Native women. This finding is very important 

because it indicates that maintaining a normal body weight protects against GDM among 

the Cree and emphasizes the need to target pregravid obesity among Cree women using 

culturally acceptable interventions. 

Another interesthg interaction with important implications is that of GDM with 

ethnicity as a risk factor for infânt macrosomia (chapter 5). GDM was associatecl with 

increased risk for infant macrosomia among the Cree but had no effect among nonoNative 

infants after controlling for age, parity, pregravid weight, gestational weight gain and 

smoking status. The differential effect of GDM on infant macrosomia in the two 

populations points to differences in treatment modalities for GDM and underscores the 

need to re-examine treatment strategies for GDM among the Cree. 

in sumrnary this thesis has made significant contributions to the existing 

Aboriginal diabetes and pediatric literature by documenting the epidemiology of 

gestational diabetes mellitus (GDM) and infant macrosomia in a Canadian Native group 

and determining ethnic differences in these outcornes in well-controlled analyses. 
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CHAPTER 1 

INTRODUCTION 

Materna1 health statu during pregnancy and infant birth weight are important 

determinants of perinatal health. in particular, gestational diabet es mellitus (GDM) and 

infant macrosomia are two important perinatal health concems among North American 

Native peoples which will be the focus of this doctoral research. 

Lnfant size at birth is used as an indicator of fetal growth and is a critical 

determinant of perinatal morbidity and mortality (Institute of Medicine 1990). The risk of 

infant mortality increases with both low (Q500 g) and hi& (>4000 g) birth weight 

(Hogue et al 1987). Risk factors for low birth weight have been extensively researched 

(Krarner 1987). whereas few studies have investigated independent determinants of 

excessive fetal growth (macrosomia). This is important because infant macrosomia not 

only increases the nsk for infant mortality but also the nsk for operative deliveries and 

birth trauma associated with asphyxia, meconium aspiration, shoulder dystocia, brachial 

plexus injury and clavicular fractures (Modanlou et al 1980, Stevenson et al 1982, Boyd 

et al 1983, Spellacy et al 1985, Lazer et al 1986, Wilkstrom et al 1988, Kolderup et al 

1997). Long-term consequences of infant macrosomia are uncertain, however, with some 

studies reporting subsequent obesity among macrosomic infants (Berkey et al 1998) and 

others refuting the finding (Huixnan et al 1998, Seidman et al 1998). 

GDM is associated with an increased risk of various short- and long-term adverse 

outcomes. Short-term pregnancy complications associated with GDM include increased 

risk of macrosomia, operative deliveries, birth trauma, infant hypoglycemia, 

polycythemia and hyperbilinibinemia (Hod et al 1991, Rey et al 1996, Adams et al 1998). 

Ln the long-term, somewhere between 20430% of women with GDM may develop Type 2 

diabetes (Damm et al 1992, Kaufmann et al 1995, Kjos et al 1995, Peters et al 1996, 

Simrnons 1996) and their offspring exposed to a diabetic environment in-utero are also at 

an increased nsk for subsequent obesity and diabetes (Silverman et al 1991, Pettitt et al 

1993) and impairnent in psychomotor development (Rizzo et al 1995). 

A detailed review of detenninants of GDM and infant macrosomia in the general 

population can be found in chapter 2. In bnef, risk factors for GDM in the general 



population are advanced age, multiparity, non-White ethnicity, pregravid obesity, weight 

gain in early adulthood, smoking and physical inactivity during pregnancy @ooiey et ai 

1991, Berkowitz et al 1992, Domhorst et al 1992, Solomon et al 1997). Determinants of 

infant macrosomia in the general population include advanced matemal age, ta11 stature, 

multiparity, pregravid obesity, excessive gestational weight gain, maternai diabetes, male 

infant gender and post-term delivery (ACOG 1992). A review of the literature on risk 

factors for these outcomes points to several issues that warrant M e r  investigation: 

a) Few well-controlled studies have explorai independent or interactive effects of nsk 

factors for GDM or infant macrosornia; b) The effects of rate of gestational weight gain 

and diet before GDM diagnosis on GDM risk have not been eiucidated; c) Ethnic 

differences in GDM prevalence (Dooley et al 1991, Berkowitz et al 1992, Dornhorst et al 

1992) and mean birth weight (Meredith et al 1970, Cogswell and Yip 1995, Wen et al 

1995) have been reporteci, but whether these differences are attributable to genetic 

di fferences or di fferences in environmental influences between populations remains 

uncertain. 

The perinatal health statu of Canadian First Nations or Native peoples is 

reportedly poor compared with the general Canadian population (MacMillan et al 1996, 

Tookenay 1996). Although infant mortality rates are on the decline among Canadian 

Native peoples, infant mortality rates remain almost twice as high (13.8/1000 live births 

vs. 7-3/1000 live births) and postneonatal mortality rates are almost four times higher 

than the general Canadian population (MacMillan et al 1996). However, low birth weight 

rates (which might nonnally explain poorer outcomes) are not elevated among Canadian 

Natives peoples (2.5-5.8%) (Munroe et al 1984, Thomson 1990, Armstrong et al 1998) 

compared with the general Canadian population (5.9%) (Joseph and Krarner 1997). GDM 

(Sugarman 1989, Livingston et al 1993, Murphy et al 1993, Rith-Najarian et al 1996, 

Benjamin et al 1993, Harris et al 1997) and infant macrosomia (Thomson 1990, Murphy 

et al 1993, Dyck and Tan 1995, Caulfield et al 1998) are increasingly important pennatal 

complications reporteci among some Native peoples in North America. However, 

accurate estimates of the prevalence of these outcomes and their determinants among 

different Native groups, especiaily in Canada, are particularly lacking. The Cree of James 

Bay (northem Quebec) have a high prevalence of Type 2 diabetes, being twice as high 



among Cree women as among m m  (Brassard et al 1993). They also have the highest 

reported mean birkh weight for an ethnic group world-wide (Armstrong et al 1998). The 

prevalence of GDM arnong Cree women bas not been documentecl, nor have independent 

determinants of GDM and infant macrosomia in this population been previously 

identified. Also, no studies to date among Aboriginal people have used a comparative 

group of non-Native women h m  the general population to determine if Aboriginal 

women are more susceptible to GDM and i d m t  macrosomia, once population 

differences in distributions of risk factors are controlled. 

The primary objectives of this doctoral research were therefore to address these 

lacunae in the area of perinatal health of Abonginal people and advance our 

understanding of ethnic differences in these perinatal outcomes. 

1.1 Research Objectives 

1) To establish the prevalence of Gestational Diabetes Mellitus (GDM) among the Cree 

of James Bay using standardized criteria. 

2) To identi& and quanti@ the effects of independent determinants of GDM and infant 

macrosomia among the Cree. 

In particular, the effects of age, parity, previous GDM, pregravid body weight, 

height, smoking status, prediagnostic rate of weight gain, diet and physical 

activity patterns were evaluated to determine risk for GDM. 

The risk imparted by the following variables for infant macrosomia was also 

determined: age, parity, pregravid body weight, height, gestational weight gain, 

smoking status, diet and physicd activity patterns. 

3) To detennine if Cree women are at an elevated risk for GDM and infant macrosomia 

compared with non-Native women, after controlling for differences in the 

distributions of risk factors for these outcomes. 

Specifically, the effect of ethnicity (Cree vs. non-Native) on GDM was 

determined by using two approaches: a) statistically adjusting for differences in 

age, patity, pregravid weight or body m a s  index, height and smoking status 

b) fkequency matching Cree women with non-Native women for age and body 

weight. 



Similarly, the effect of ethnicity (Cree vs. non-Natives) on infant macrosomia 

was determined afier statistically controlling for differmces between the two 

ethnic groups in age, parity, pregravid body weight or body mass index, height, 

gestational weight gain, GDM prevdence and smoking status. 

These research questions are addressed in the Tom of three manuscripts (chapters 3, 4 

and 5) .  
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CHAPTER 2 

LITERATURE REWEW 

This literature review covers three major topics: gestational diabetes mellitus (GDM), infant 

macrosomia, and the epiderniology of GDM and macrosornia in North American Native 

populations. The chapter begins with an extensive review of GDM. Included in this &ew 

are the definition, pathophysiology, determïnants and specific controversies related to the 

screening, diagnosis and treatment of GDM. This is followed by a criticai review of the 

literature on nsk factors of infant macrosomia. The chapter ends with a comprehensive 

review of the literature on the prevalence and predictors of GDM and infant macrosomia 

among Native peoples in North Amerka For this review, pertinent original publications and 

review articles published in English since 1966 were identified through an extensive 

Iiterature search on MEDLINE. Ln addition, MEDLiNE articles were carefùlly perused to 

identiS other relevant publications in journals not listed in MEDLINE. In this review, 

preference was given to studies that were well-designed and recent (over the past 1 O y). 

2.1 v e ! 5  

Gestational diabetes mellitus (GDM) is defineci as "carbohydrate intolerance of 

variable severity with onset or first recognition during pregnancy" (National Diabetes Data 

Group, NDDG 1979). The definition allows for the possibility of including undiagnosed 

Type 1 or Type 2 diabetes prior to pregnancy, and is irrespective of insulin treatment or 

persistence of diabetes after pregnancy (Amencan Diabetes Association 1996). The 

prevalence of GDM in the general North American obstetric population is estirnated to be 

between 3-5% (Magee et al 1993, Semer et al 1995). 

2.1 .l Pathophysiology of GDM 

Normal pregnancy has characteristics of a "diabetogenic state", given the increased 

insulin resistance commonly seen in the late second and thud trirnesters (Kuhi 199 1). The 

first half of pregnancy is characterized by increased insulin sensitivity, which facilitates 

matemal storage of fat and glywgen (Freinkel 1985). These serve as hie1 resewes for the 



fetus during the latter part of pregnancy. The second half of pregnancy is marked by 

increased insulin resistance due to increased placental secretion of anti-insulin homones 

such as estmgen, progesterone, cortisol and human placental lactogen ~ollingsworth 1983). 

This results in an elevated level of ciirulating materna1 substrates to meet the needs of the 

rapidly growing fetus. In a nomal pregnancy, the net result of this metabolic shift is 

increased matemal secretion of insulin to maintain nomal glycemic levels. GDM typically 

develops in the second haif of pregnancy arnong women who are unable to adapt 

successfully to these changes. Lack of successhil adaptation may be due to genetic 

predisposition to diabetes, which becornes manifest with the metabolic stress of pregnancy 

(Lucarini et al 1 994), decreased insulin secretion, increased insulin resistance (Kautzky- 

Willer et al 1997, Persson et al 1997), or decreased insulin binding to receptors or a post- 

receptor defect (Kuhl et al 1985). 

2.1.2 Predictors of GDM 

Epidemiological evidence for predictors or nsk factors for GDM is limited. Potential 

risk factors for GDM include advanced matemal age, pregravid obesity, body fat patteming, 

excessive gestational weight gain, ethnic ongin, adverse obstetric history, farnily history of 

diabetes, dietary factors and a sedentary Iifestyle. However, which of these pose independent 

risks for the development of GDM has not been adequately studied. 

a) Age 

Blood glucose values have been observed to rise with age independently of weight 

(Harris et al 1988). Therefore, the likelihood of having glucose intolerance during pregnancy 

also increases with age. Age was more strongly correlateci with blood glucose levels than 

advancing gestation (weeks) in one study (Wikerson and Sullivan 1963); in another sîudy 

(Mac* and Beischer 1974), age 230 y was observed to be the strongest predictor of GDM. 

Marquette et al (1985) found that of the 12 women with GDM in their study, 10 were 1 2 5  

y. McFarland et al (1985) reported that GDM prevalence incteased with advancing age; the 

incidence of GDM was 8% among those ~ 2 0  y (n=26), 20% for 20-24 y (n=60), 32% for 25- 

34 y (n=46) and 69% for 35-39 y (n=13). In a large population-based study, the incidence 



of GDM was 0.7% among women G O  y vs. 3.8% among those >30 y (CouJian et al 198% 

while another study reported an incidence of 1.18% among predominantly Black womm e O  

y (Lemen et al 1998). However, none of these studies accounted for the codounding effect 

of other risk factors for GDM sucb as body weight, parity or ethnicity. 

Wellcontrolled studies report a significant independent effect of age on GDM. 

Dornhorst et al (1992) reported a relative risk for GDM of 2.9 (95% CI: 1.7-5.1) and 5.2 

(95% CI: 2.8-9.5) among women of 25-34 y and r 35 y compared with women a 5  y, &er 

adjusting for body mass index (BMI), ethnicity and parity. Berkowitz et al (1992) found that 

a 5 y uicrease in age increased the risk for GDM by 1.6 (95% CI: 1.5-1.8) after controlling 

for the effects of ethnicity, prepregnancy weight, prenatal care, history of infertility and 

family history of diabetes. In a large cohort of nurses (~14,613)  h m  14 states in the United 

States (Solomon et al 1997), the independent effect of age (25-29 y, 30-34 y, 35-39 y and 

240 y) on GDM was detennîned in multivariate analyses adjusting for the effkcts of family 

history of diabetes, ethnicity, pregravid physical activity, pregravid BMI and early adulthood 

weight gain. The risk for GDM was statistically significant only among women 240 y 

compared with women between 25-29 y (RR: 2.2, 95% CI: 1.3-4.0). The mechanism by 

which age raises glycernic levels independent of other factors remains to be elucidated. 

b) Ethnicity 

The incidence of GDM has been observed to be higher among some ethnic groups 

than others. In a study among 1 1,205 women in a muitiethnic c h i c  in London, women h m  

the Indian subcontinent had the highest relative risk for GDM (RR: 11.3,95% CI: 6.8-18.8), 

followed by women h m  Southeast Asia (RR: 7.6,95% CI: 4.1 - 14.1 ), the Middle East (RR: 

5.9, 95% CI: 3.5-9.9) and Afkïca (RR: 3.1, 95% CI: 1.8-5.5) compared with local White 

women after adjustment for age, parïty and obesity (Domhorst et al 1992). In an ethnically 

heterogeneous sarnple of 10,187 women in the United States, the following ethnic p u p s  

had a significantly higher nsk for GDM cornpared with Whites, &er controlling for materna1 

age, prepregnancy weight, history of Uifcrtility, prenatal care and family history of diabetes: 

Orientals (RR: 2.6,95% CI: 1.6-4.2), h t  generation Hispanics (RR: 1.6,95% CI: 1.2-2.2), 

and Lndian and Middle Eastern women (RR: 3.7,95% CI: 1.9-7.4) (Berkowitz et al 1992). 



Green et al (1990) observecl a significantly higher incidence of GDM among Chinese (7.3%) 

and Hispanic women (4.2%) compared to Black (1.7%) and non-Hispanic White women 

(1.6%), after accounting for age and BMI. Similarly, in a multi-ethnic clinic in Chicago, the 

relative nsk for GDM was 1.8 (95% CI: 1.1-2.9) among Black women and 2.5 (95% CI: 1 -5- 

4.0) among Hispanic women compared with White women, after adjusting for age and 

percent ideal body weight (Dooley et al 1991). High rates of GDM have also been report& 

among some Abonguial groups in Canada (Harris et al 1997) and the United States (Miirphy 

et al 1993, Benjamin et al 1993, Rith-Najarian et al 19%) compared with the g e n d  North 

Amencan population. Ethnic differences in GDM risk may reflect differences in genetic 

predisposition to diabetes (Neel 1962), ethnic differences in gastro-intestinal handling of 

glucose (Phillipou 1993, Schaefer et al 1972) or may be due to raidual confounding by non- 

genetic factors which may be either overlooked, inadequately measured or controlled 

(Kaufinan 1997). 

c) Pregravid obesity 

Obese pregnant women have higher fasting and pst-prandial blood glucose and 

insulin levels compared with lean pregnant women (Roberts et al 1988, Borberg et al 1980, 

Hollingsworth and Ney 1992). High pregravid weight increases the risk for GDM, 

independently of age, parity and ethnicity (Berkowitz et al 1992, Dooley et al 1991, 

Domhorst et al 1992). Berkowitz et al (1 992) reported a relative risk of 1.1 (95% CI: 1.07- 

1.14) for every 10 Ib increase in pregravid weight in a multi-ethnic sample, after controlling 

for the influence of age, race, prenatal care and medical history. In another study (Domhorst 

et al 1992), the relative risks for GDM for women with a BMI (at booking) between 27-34 

kg/m2 or 235 kg/m2 were 4.0 (95% CI: 2.9-5.6) and 8.9 (95% CI: 5.3-14.8). respectively, 

compared with those with BMI e 7  kg/m2, after adjusting for the effects of age, parity and 

ethnicity. In the Nurses' Health Study (Solomon et al 1997), the relative risk for GDM 

arnong US nurses was significantly increased arnong those with a pregravid BMI between 

25-29 kglm2 (RR: 2.13, 95% CI: 1.65-2.74) or S 0  kg/m2 (RR: 2.9, 95% CI: 2.2-3.9) 

compared with nurses with a BMI QO kg/m2, after adjusting for age, weight gain in early 

adulthood, ethnicity, smoking status and family history of diabetes. The relative nsks 



obtained in this study rnight be overestimated, owing to cornparison with an undenveight 

(BMI G O  kg/m2) rather than a nonnal-weight referent group (BMI between 20-25 kg/m2). 

Centrai obesity may impart a greater risk for GDM than overall obesity (Zhang et d 

1995). Both pregravid and gravid central fat pattcming have been lïnked with an uicreased 

risk for GDM. In a study of 720 singleton pregnancies (Zhang et al 1995), the risk for GDM 

was much higher among women with a high pre-pregnancy waist-hip (WIIR) ratio than those 

with a high BMI, aAer adjusting for age, ethnicity (blacWwhite), family history of diabetes 

and parity. Women in the highest tertile of WHR (tertile range: 0.74-1.02) had a relative nsk 

of 4.0 (95% CI: 1.5-10.8) compared with women in the lowest WHR tertile (tertile range: 

0.63-0-7 l), whereas women in the highest tertile of BMI (tertile range: 24.1-53.5 k@) had 

a relative nsk of 1 -9 (95% CI: 0.8-4.5) comparai with those in the lowest BMI tertile (tertile 

range: 14.9-22.1 kg/m2). In another study (Branchtein et al 1997), waist-to-hip ratio and 

waist circumference measured between 2 1-28 weeks gestation predicted an increased risk 

for GDM that was independent of the effects of age, height, skinfold thickness, ambient 

temperature, family history of diabetes, uterine height, skin color, obstetric history and 

prenatal care. A unit increase in waist-to-hip ratio or waist circumference (cm) increased 

mean 2-h plasma glucose levels on a 75 g glucose load by 1.85 mmoVL and 0.016 m o ü L  

respectively (p~0.02). 

d) Pregnancy weight gain 

Excessive weight gain during pregnancy may increase the risk for GDM. indirect 

evidence for this cornes fiom one study (Borberg et al 1980) which showed a smaller 

increase in fasting and meal stimulateci plasma insulin concentration h m  16 to 36 weeks 

gestation among obese non-diabetic women on an energy- and carbohydrate-restricted diet 

(n=8j compared with obese women on an unrestricted diet (n=10). The lower increase in 

insulin levels in the diet-restricted p u p  paralleled their smaîler weight gain over this period 

compared with the unrestricted group (5.1 t 1.7 kg vs. 1 1 .O i 3.6 kg). To our knowledge, 

no studies in the literature have evaluated the impact of gestational weight gain on risk for 

GDM. Total gestational weight gain cannot be evaluated as a predictor of GDM because 

treatment for GDM typically includes dietary modification and restriction of energy intake 



and weight gain, especidly for obese women with GDM. Rate of weight gain before GDM 

diagnosis should therefore be used in such analysa. The impact of prediagnostic rate of 

gestational weight gain on GDM risk temains to be investigated in population studies. 

e) Stature 

The effect of stature on GDM has been evaluated in few studies. Final adult stature 

is in fluenced by an individual's intra-uterine environment, pst-natal environment and 

genetics (Davies 198 1), and therefore an association of stature with GDM may be a retlection 

of the effect of any of these factors. An inverse association between stature and GDM has 

been descrïbed in some studies. Phillipou (1991), reported that short stature was a significant 

predictor of a positive GDM screen, in addition to Asian race, prepregnancy weight and 

maternal age. Jang et al (1 998) reported a two-fold highei risk for GDM among short women 

( 5  157 cm) compared with ta11 women (2 163 cm) (Odds ratio: 2.0,95% CI: 1.4-3.0), after 

adjusting for age and BMI in a large cohort of Korean women (n=9005). In another study 

among 2772 Greek women (Anastasiou et al 1998), women with GDM were significantly 

shorter than normoglycemic women by 2.5 cm Qs0.001). The significant inverse association 

of height with GDM persisted after adjusting for the effects of age and BMI. 

f) FamiIy history of diabetes 

Women with a family history of diabetes may be at a 2- to 3-fold higher risk for 

GDM compared with women without any such history (Mestman 1980). Martin et al (1985) 

reporteci that 44% of women with GDM had a parental history of diabetes cornpared to only 

13% of nonnoglycemic women. As maternal diabetes was more common than paternal 

diabetes among GDM women than among women with pregestational diabetes or 

nondiabetic controis, the authors suggested that exposure to a diabetic intra-uterine 

environment, rather than genetic endowment, may increase susceptibility to GDM. Whether 

mothers of these GDM women had diabetes during pregnancy could not be detemiined, as 

neither the type of diabetes nor the age of onset could be ascertained with accuracy. 

However, findings of a study on Pima Indian women seem to support this speculation. 

Offkpring of women who had diabaes during pregnancy had a higher prevalence of diabetes 



compared with offqring of women who were nondiabetic during pregnancy but became 

diabetic after pregnancy (Odds ratio: 9.2,95% CI: 1.1 -77.O), afkr conttoliing for the effects 

of age, patemal diabetes and age of materna1 onset of diabetes (Pettitt et al 1993). 

g) Obstetric history 

An adverse obstetric history is associated with an inmeasxi risk for GDM. In a midy 

arnong 10,187 multiahnic womm (Berkowitz et al 1 W2), the prevalence of GDM increased 

with a history of infertility, previous premature birth and stillbirth. However, of these only 

a history of infertility rwained significant in multivMate analyses controlling for the effects 

of materna1 age, race, prepregnancy weight and a farnily history of diabetes (RR: 1 .8,95 % 

CI: 1.1 -2.8). McGuire et a1 (1 996) studied risk factors for GDM in 1 375 women with GDM 

and 6380 women without diabetes. M e r  adjustrnent for materna1 age, women who had a 

macrosomic infant (>4000 g) in their previous pregnancy but no history of GDM were 

almost huice as likely to have GDM in the subsequent pregnancy as nondiabetic women who 

delivered normal- or low-birth-weight babies in their previous pregnancy (Odds ratio: 1.8, 

95% CI: 18.9-36.9). Women who had GDM in theu previous pregnancy and delivered a 

normal weight infant were 26 times more likely to have GDM in the cment  pregnancy 

(Odds ratio: 26.4,95% CI: 18.9-36.9). The risk was also significantly elevated for women 

who had both GDM and macrosomic babies in their previous pregnancy (Odds ratio: 23.3, 

95% CI: 1 1.9-45.5). Other studies evaluating the nsk for GDM in a subsequent pregnancy 

among women with GDM in the index pregnancy report that the risk for GDM recurrence 

increased among women who delivered macrosomic babies (Philipson and Super 1989, 

Gaudier et al 1992), had a high prepregnancy BMI, or required insulin therapy (Gaudier et 

al 1992). 

h) Diet 

Various studies have attempted to identify an etiologic link between various dietary 

components and the development of Type 2 diabetes. In a large cohort of men (Salmeron et 

al 1994), the risk for Type 2 diabetes was increased with increased consumption of 

carbohydrates having a high glycernic index and decreased with high intake of magnaium 



and cered fibre. The inverse association between cereal fibre intake and risk for Type 2 

diabetes was confhed  in a similar study among fernale nurses in the US (Salmemn et al 

1997), d e r  accounting for the effécts of BMI, age, smoking, physicd activity, alcohol, and 

total energy intake. An earlier mdy  among ihe same cohort of women reported an inverse 

relationship between vegetable fat, potassium, calcium and magnesium intakes and the risk 

of occurrence of Type 2 diabetes (Colditz et al 1992). Increased total energy and starch 

intake was associated with high diabetes rates in a study on Pima Man women (Bennett et 

al 1984). In contrast, another shidy among a Native group in Canada found no significant 

association of energy intake, dietary starch, fat or simple sugars with Type 2 diabetes. 

However, in rnultivariate analyses adjusting for the effeçts of age, BMI and gender, the latter 

study found that high protein intakes increased the risk for Type 2 diabetes whereas 

increased fibre intake had a protective effect (Wolever et al 1997). It appears h m  these 

studies that dietary fibre may have a protective effect on diabetes, but the effects of other 

dietary cornponents on diabetes risk remain to be ascertained. 

No studies have attempted to investigate the relationship between diet and GDM 

fkom a causal perspective. Existing studies have main1 y evaluated the effectiveness of 

varying levels of energy intake, macronutrient or micronutrient intakes in GDM treatrnent 

(Hollingsworth and Ney 1992, Jovanovic-Peterson et ai 1990, Algert et al 1985, Jovanovic- 

Peterson and Peterson 1996). The role of dietary components in risk for GDM rernains to be 

detemined. 

i) Physical activity 

Cardiovascular exercise is known to increase glucose disposal b y increasing insulin 

sensitivity and binding to receptors (Schneider et al 1984, Wake et al 1991). Several well- 

controlled studies have demonstrateci the protective effkct of increased physical activity on 

Type 2 diabetes (Manson et al 1991, Helmnch et al 1991). Although two randornized trials 

among women with GDM clearly showed the benefits of exercise in maintainhg euglycemia 

(Jovanovic-Peterson et al 1989, Rosas and Constantine 1992), the effect of physical activity 

during pregnancy on GDM risk has not been adequately investigated at the population level. 

An accurate description of this relationship may be hampered by potential changes in 



physical activity pattems of women during pregnancy, which may not reflect their usual 

physical activity pattems, or by the use of imprecise measures to estimate physical aftivity 

in large population studies. The existing evidence for the role of physical actiMty in GDM 

is inconclusive. In a cohort of 14,613 nurses in the United States (Solomon et al 1997), 

pregravid physical activity was determineci fiom a questionnaire which enquired about the 

frequency, duration and intensity of diEerent activities. After adjusting for the effects of age, 

pregravid BMI, farnily history of diabetes, smoking and weight gain during early adulhood, 

the inverse association between pregravid physical activity and GDM was no longer 

statistically significant- in another retrospective study of 12,799 women (Dye et al 1997), the 

risk for GDM was lower only among extremely obese women (BMI >33 kg/rn? who 

exercised at l e s t  once per week for 30 minutes or more during pregnancy compared with 

their obese counterparts who did not exercise (Odds ratio: 1.9,95% CI: 1.2-3.1). This effect 

was not evident arnong women with BMI s33 kg/m2. Exercise patterns of women in this 

study were obtained h m  a questionnaire which elicited information on fiequency of 

participation in exercise per week for at lest 30 minutes. Inconsistent results between the 

two studies may be due to differences in the population characteristics, methods of 

assessrnent of physical activity or determination of physical activity in the pregnant vs. non- 

pregnant state. 

In conclusion, ample evidence exists for the nsk posed by advanced maternal age and 

an adverse family history of diabetes for the development of GDM. However, these factors 

are not modifiable. In order to help prevent the onset of GDM, greater emphasis needs to be 

placed on understanding the contribution of modifiable nsk factors such as pregravid weight, 

pregnancy weight gain, dietary intake and physical activity patterns to the disease. 

2.1.3 GDM Screening, Diagnosis and Treatmeit: Controversies 

Screening and treatment for GDM is a widely disputed issue, and several reviews 

have been published on this subject (Coustan 1994, Thompson 1996, Okun et al 1997a). 

Specific areas of controversy include whom to screen, what screening and diagnostic critena 

should be used, what treatment strategy should be used and the effectiveness of screening 

and treatment in alleviating any adverse maternal or perinatal outcornes. These issues are 



discussed in the following sections: 

a) Whom to screen? 

Debate regarding the population to be screened for GDM is compounded by 

uncertainty regarding the clinical significance of the disorder and benefits of screening. The 

lack of consensus is reflected in the different screening strategies proposed by different 

authoritative groups in North America in the past. Traditionally, identification of women at 

risk for GDM was based on the presence of one or more of histoncai or clinical risk factors 

such as previous still birth, miscarriage, macrosomia, or GDM, fmily history of diabetes, 

advanced age, or obesity. Selective screeaing for GDM based on the presmce of one or more 

of these risk factors was recommended by the American College of Obstetricians and 

Gynecologists (ACOG) (1994a) and the Canadian Task Force on the Periodic Health 

Examination (1 992). However, such a screening strategy could miss anywhere between one- 

third to one-half of women with GDM (Coustan et al 1989, Massion et al 1987, LaMn 1985). 

Therefore, the American Diabetes Association (ADA) (1986) and the Society of 

Obstetricians and Gynecologists of Canada (SOGC) (1992) recommended universal 

screening. More recently, an international expert cornmittee appointed by the ADA (1997) 

reviewed the scientific evidence for and against universal screening and concluded that 

universal screening was not cost-effative. The cornmittee recommended selective screening 

of women based on the presence of one or more of the following nsk factors for GDM: a) 

age >25 y; b) obesity; c) non-White ethnicity d) farnily history of diabetes. These guidelines 

have been endorsed by the ADA, ACOG (ADA 1997) and the Canadian Diabetes 

Association (CDA) (1 998a). 

b) Screening and diagnostic criteria 

There is no international consensus regarding cnteria for scree-g or diagnosis of 

GDM. In North America, the most widely used screening and diagnostic criteria are those 

recommended by the National Diabetes Data Group (NDDG 1979) or the World Health 

Organization (WHO 1985). The ACOG and the ADA cumntly recomrnend screening and 

diagnosis of hi&-risk women for GDM by the two-step procedure of the NDDG (NDDG 



1979). Specifically, high risk women are screened with a I -h 50 g oral glu-= challaige test 

(OGCT) regardless of time of day. A positive screen (1 -h plasna glucose 27.8 mmol/L) is 

followed by a 3-h 100 g oral glucose tolerance test (OGTT) in the fa~ting state. GDM is 

diagnosed if any two of the four threshold values on the OG'IT are met or exceeded: fasting, 

5.8; 1 -h, 10.6; 2-h, 9.2; and 3-h, 8.1; mmol/L. The CDA (1998a) recornmends the use of 

either the NDDG cntena or the 75 g 2-h OG'IT recommended by the WHO but with the 

following modifications: GDM is diagnosed if 2 of the followuig 3 thresholds on the 2-h 75 

g OGTT are met or exceeded: Casting, 5.3; 1-h, 10.6; 2-h, 8.9; mmollL. If only one value is 

met or exceeded the diagnosis is impaired glucose tolerance (IGT). 

The NDDG criteria for GDM d g  and diagnosis are modifications of diagnostic 

criteria for GDM onginally established by O'Sullivan and Mahan (1964). In their original 

work, a large cohort of 752 pregnant women undenuent a 1-h 50 g OGCT followed by a 3-h 

100 g OGTT. The best threshold value was identified as the mean + 2 SD at each stage of 

the OGTT, and a positive diagnosis was based on two abnormal OGTT values (O'Sullivan 

and Mahan 1964). Validation of these criteria was based on the ability to predict subsequent 

diabetes in a second cohort of women (n=1013) who underwent the OGTT during pregnancy 

and were tested annually for non-pregnant diabetes for up to 8 years. The positive predictive 

value of the diagnostic criteria for subsequent diabetes was detexmined to be 36.1% 

(O'Sullivan and Mahan 1964). The sensitivity and specificity of the 1-h 50 g screen using a 

cut-off of 7.2 mrnol/L for glucose levels in whole b l o d  were 79% and 87%, respectively 

(O'Sullivan et al 1973a). In a subsequent study (O'Sullivan et al 1973b), these investigators 

evaluated perinatal outcornes among women with GDM diagnosed by these cntena and 

observed increased perinatal mortality rates among older (225 y) and heavier (2 1 20 % ideal 

body weight) women with GDM (10.1%) compareci with normoglycemic controls (2.9%) 

(pc0.05). However, these studies had several drawbacks including selection bias and failure 

to determine the effect of GDM on infant mortality independent of age and body weight. 

Based on this original work, the NDDG modified the diagnostic cnteria to reflect 

plasma glucose rather than whole blood glucose thresholds and rounded these to the nearest 

0.28 mmoVL. The NDDG cnteria have been criticized because they were derived h m  a 

study with questionable validity. Other criticisms include poor reproducibility of the 



diagnostic test (Naylor l989), the need for 4 blood drawings, a hi& glucose load which may 

cause nausea in pregnant women and lack of comparability with the post-pamim 2-h 75 g 

glucose tolerance test for diabetes (Pettitt et al 1994). 

The other test widely used to diagnose GDM internationally is the 75 g 2-h OGTT 

recornmended by the WHO (WHO 1985). GDM is diagnosed if either the fasting or the 2-h 

value exceeds 7.8 mmol/L or 1 1 .1 rnmoUL. IGT is diagnosed if the fasting value is Q. 8 

mmoVL and the 2-h value is between 7.8 and 11.1 mmoÿL. The advantage of the WHO test 

is that it requires only 2 blood drawings, involves a smaller glucose load (75 g) and is 

comparable to the post-partum test for Type 2 diabetes. 

Few studies have determined the comparability of the WHO vs. the NDDG criteria 

in predicting adverse materno-fetal outcornes. The comparability of these criteria in 

predicting infant macrosomia and cesarean section rates was assessed in a study arnong the 

Pima Indians of Arizona (Pettitt et al 1994). Of 127 pregnant nondiabetic Pima women who 

underwent a 75 g 2-h OGTT, those with an elevated 1-h value (27.8 mrnoUL, n=42) were 

asked to undergo a 3-h 100 g ûGTT. The WHO criteria correctly identified as abnormal 38% 

of the women who delivered macrosomic infants and 57% of cesarean sections compared 

with 6.3% and OYO respectively by the NDDG criteria. Owing to the small sample size, no 

firm conclusions can be drawn fiom this study. In another study (Weiss et al 1998), the 

comparability of glycemic levels on a 2-h 75 g OGTT or a 2-h 100 g OGTT' was compared 

among women with GDM (n=30) and those with normoglycemic status (n=30); women in 

each group were randomly assigneci to one of the tests. The results indicateâ that women 

with GDM had similar fasting and 1-h plasma glucose levels on the 75 g or 100 g glucose 

load, but the 2-h value was 0.89 mrnoVL higher for the 100 g load. Among control women, 

plasma glucose Ievels were different at 1 and 2 h between glucose loads. A major limitation 

of this study is that GDM diagnosis was based on a single capillary value (28.9 mrnoVL), 

which can result in significant misclassification. 

Several studies have attempted to identify screening tests with better sensitivity and 

specificity than the cwrently recomrnended 1 -h 50 g OGCT. The 50 g OGCT does not 

require fasting, is inexpensive, moderately sensitive and reproducible. However, some recent 

studies indicate that the tirne elapsed since the last meal may affect the sensitivity of the test 



(Sermer et al 1994, Coustan et al 1986). Otber scteeniLIg tests which have becn e~aluated for 

their usefulness are glucosuria, glycosylated hemoglobin and glycosylated p1-a proteins 

(hctosamine). Owing to the lower m a l  (hnshold for glucose during pregnancy and wide 

intra- and inter-individual variation, glucosuria has been acknowledged to have poor 

sensitivity as a screening tool for GDM (Gamer 1995). Urinary glucose measurement was 

reported to have a sensitivity of less than 30% in one study (Lind and Anderson 1984). 

Glycosylated hernoglobin (GHb) has been fond  to be a usefbi tw l  for monitoring g l y c e c  

control in diabetes (Bunn 198 1, O'Shaughnessy 198 1). Although the *ase of testing makes 

it a potentidly useful measure for GDM screening, the lack of scnsitivity to relatively short- 

term glycemic excursions in GDM compared to non-pregnant diabetes (Cousins et al 1984) 

and the significant overlap of GHb values between women with and without GDM make it 

a less sensitive test compared with the standardized OGCT (Loke et al 1994, O'Shaughnessy 

et al 1979, Cousins et al 1984). Of the various glycosylated plasma or semm proteins, 

fhctosarnine has been extensively evaluated as a screening tool for GDM. In a study of 682 

multiethnic subjects in the Middle East (Hughes et al 1995). serum hctosarnine levels 

measured at 26-32 weeks gestation had a sensitivity of 79.4% and a specificity of 77.3% in  

detecting GDM diagnosed using modified NDDG criteria. In contrast, other studies report 

poor sensitivity of hctosamine as a screening test for GDM compared with the 50 g OGCT 

(Roberts et al 1990, Menon et al 199 1). 

Other investigators have used modified versions of the NDDG or WHO criteria in  

assessing materno-fetal outcornes. Carpenter and Coustan (1982) have suggested lowering 

the NDDG thresholds by 0.56 rnmoVL for fasting, 1 -h and 2-h plasma glucose values and 

by 0.28 mrnoVL for the 3-h plasma glucose value, which are more accurate conversions of 

threshold glucose values !hm whole blood to plasma Although an additional 50% of cases 

were identified by the modified criteria, the fkquency of perinatal morbidity was similar to 

cases diagnosed by the NDDG criteria (Magee et al 1993). Berkus et al (1 995) evaluated the 

incidence of large-for-gestational age (LGA) infants among 708 women (>30 y) who 

screened normal for GDM by the NDDG criteria Three criteria for GDM were then used to 

reclassiQ these women: a) Coustan criteria: fasting value 25.3, 1-h 110.0,2-h 28.6 and 3-h 

27.8 mmol/L (any 2 abnormal values); b) Langer criteria: any one &normal vdue by the 



NDDG thresholds; and c) Sacks criteria: 25.3,2 9.5.2 8.4 and 2 7.3 mmoVL at each of the 

OGTT tirne points rc~peftively (any 2 abnomal values). GDM women by the Cousian and 

Langer criteria had a higher proportion of LGA infants compared with control women, 

whereas the difference was not significicant by the Sacks criteria. The authors conclude that 

the Coustan and Langer criteria were as efficient as the NDDG criteria in identifying LGA 

infants, whereas the Sacks criteria were less satisfactory. A GDM group diagnosed by the 

NDDG criteria was not included to support this. Further, although women with GDM by 

each of these criteria were significantly older than the controls, this was not controlled in the 

analyses. 

Sacks et al (1995) advocate the use of 75 g OGTT with blood sampling at fasting, 1 

and 2 hours pst-challenge. They recommend cutoffs of 5.6 mmoVL, 10.8 rnmoVL and 8.9 

mrnoiL at the 3 time points, requiring at least two of the three values to be exceeded for a 

positive diagnosis. The use of these cnteria resulted in a GDM incidence of 3.2% in their 

study sample compared to 3.4% by the NDDG criteria in another sample studied at the sarne 

institution. Women who exceeded these criteria had more macrosomic infants than those 

who did not. However, the authors acknowledge that other combinations of threshold values 

yielded similar results indicating the lack of a clear demarcation of matemal glucose levels 

above which the risk for pathological outcomes increases. 

in surnmary, the c m n t  gold standards for the screening and diagnosis of GDM are 

the ones recommended by the NDDG or the WHO. The benefits of using other screening or 

diagnostic tests as yet remain unproven. The comparability of the NDDG and the WHO tests 

in predicting adverse matemo-fetal outcomes warrants further investigation. 

c) Treatment strategies 

The goal of treatment in GDM is to normalize blood glucose levels and decrease 

adverse matenial and fetal outcomes asçociated with hyperglycemia. Dietazy intervention is 

the first line of treatment for GDM. Other treatment strategies, which may be used in 

combinat ion, include insulin therap y, exerci se and blood glucose monitoring. 



i. Energy restn-ction 

There is very limited information available on the effocts of encrgy restriction on 

pregnancy outcornes. Energy restriction has been recommended for obese women with 

GDM; the aim is to optimize blood glucose levels through restriction of gestational weight 

gain. Weight gain restriction in obese pregnant women with GDM is also advantagoous in 

minimizing pst-partum weight retention and risk for subsequent diabetes (Domhorst et al 

1990). 

Most clinicians recornmend the use of moderate energy restriction (100 I d k g  ideal 

body weight, 6276-753 1 W/day) in treating obese women with GDM (Gunderson 1997). 

Moderate energy restriction clearly helps minimize gestational weight gain and maintain 

euglycernia but the effkct on infant birth weight is equivocal. Algert et al (1985) compared 

infant birth weight between obese GDM women @MI a27 kg/m2) (n=22) on an energy 

restricted diet (71 13-753 1 kJ/day), lean GDM women (n=3 1) who were instructed to 

consume 8368- 12,552 Wday and nomoglycemic controls (n=10) on an unrestricted diet. 

Despite good glycemic control, lower reporteci energy incake and lower weight gain, obese 

women with GDM had bigger babies compared with lean women with GDM and 

normoglycemic women (3922 + 662 g vs. 3544 + 588 g and 3448 f 303 g respectively, 

~~0.03). 

In another study (Domhorst et al 199 l), infant birth weight was compared between 

35 women with GDM treated with a 5021 -753 1 k.i diet (84-1 26 W/kg ideal body weight), 

35 wornen with a negative ghcose screen and 35 women with a positive glucose screen but 

normal diagnostic test who did not receive any dietary advice. The latter groups were 

matched with GDM women for age, parity, BMI and ethnicity. Further, 2337 consecutive 

delivenes from the general obstetric population (nondiabetic) were al- used as an extemai 

control. Weight gain aAer 28 weeks gestation was discourageci arnong women with GDM. 

Twenty four of the 35 women with GDM were obese (BMI 227 kg/m2). Average birth 

weight and incidence of macrosomia (24000 g) was similar between the treated GDM group, 

the general obstetric controls and the screen-negative controls but was significantly higher 

arnong the screen-positive controls. Infant birth weight was not compared between obese and 

non-obese women with GDM in this study. No fim conclusions can be drawn h m  these 



two studia owhg to the mal1 sample sizes. Also, the generalizability of these hdings is 

limited to women with lesser degrees of glucose intolerance, as women who required insulin 

treaünent for glycemic control (n=8) were excluded h m  the study by Domhorst et d (1 99 1 ), 

and only 2 obese GDM women in the study by Algert et al (1985) were treated with insulin. 

Severe energy restriction (s 5021 kJ/day) is not recommended for pregnant women 

because it can retard fetal growth (Gunderson 1997) and cause ketosis, which has k e n  

implicated in subsequent impairment of cognitive functioning (Riuo et al 1991). In a 

randomized trial (Magee 1 990), obese GDM women were randomly assigned to a diet of 

10,042 kl/day (n=5) or 5021 Wday (n=7). Twenty-four hour mean glycemic levels were 

significantly lower in the energy restricted group compared to the wntrol group @<0.01), 

but the energy-restncted group had pronounceci ketonuria and high levels of fasting plasma 

P-hydroxybutyrate. Limitations of this study include mal1 sample size and no evaluation of 

pregnancy outcornes. 

ii. Carbohydrate restriction 

High pst-prandiai glucose levels have been shown to increase the risk for infant 

macrosomia (Jovanovic-Peterson et al 199 1, Parfitt et al 1 992). Some clinicians therefore 

recommend restriction of carbohydrate to reduce pst-ptandial glucose peaks but not so 

severe as to cause ketonernia, hypoglycemia or fetal growth retarâation (Gunderson 1997). 

However, there is no consensus regarding the need or degree of carbohydrate restriction. 

While some recommend a mamonutrient breakdown of total energy intake as 5040% 

carbohydrate, 15-20% protein and 30% fat (Hollingsworth and Ney 1992), others 

recommend a diet more restricted in carbohydrate, comprising 40% carbohydrate, 40% fat 

and 20% protein (Jovanovic-Peterson 1990). The current recornmendations by the ADA 

(1 996) for pregnant diabetic women speciQ that energy intake h m  protein should constitute 

10-20% of total energy intake but the remaining 80-900/0 of calories can be distributed over 

carbohydrate and fat, depending on individuai needs. Because of diurnal variations in plasma 

cortisol and glucagon, morning hyperglycemia is frequently observed among women with 

GDM and therefore a brWast nstricted in carbohydratcs is mmmcnded (Holiingsworth 

1983). 



Two recent studies using women with GDM indicated the potential for nonnaliang 

birth weight by achieving good glycemic control through carbohydrate restriction. In one 

study (Major et al 1998), 42 women with GDM were non-randomly assigned either to a diet 

comprising 4 2 %  or 4540% of total calories as carbohydrate. Group assignment was based 

on the day of  clinic visit. Demographic and constitutional characteristics were similar 

between the two groups. Women in the 42% carbohydrate group had lower pst-prandial 

glycemic levels d e r  6 weeks of treatment (6.1 t 0.99 vs. 7.3 I 1 .O mmoVL, ~0 .04 ) ,  lower 

mean infant birth weight (3694 I 378 g vs. 3890 I 455 g), lower risk for large-for- 

gestational age infants (9% VS. 42%, RR: 0.22,95% CI: 0.05-0.91), fewer cesarean section 

deliveries for cephaopelvic disproportion and macrosomia (RR: 0.15, 95% CI: 0.04-0.94) 

and fewer women required insulin therapy (RR: O. 14,95% CI: 0.02-1 .ûû) compareci with the 

less restncted group. It is unclear whether total energy intake was similar in the two groups. 

In another study (Snyder et al 1994), 353 women with GDM were prescribed diets 

based on a total energy intake of 146 kl/kg ideal body weightlday, with carbohydrate, fat and 

protein comprising 34%, 47% and 1% of total energy intake, qxctively. Dietary treatment 

alone significantly decreased fasting plasma glucose levels (4.36 f 0.52 moVL to 4.11 + 
0.44 mmoVL, p<0.001) and rate of weight gain (0.35 k 0.18 kg/wk to 0.16 i 0.35 kg/wk, 

p<0.001) but not pst-prandial glucose levels (5.85 f 1.29 mmol/L, p 4 . 8 6 )  fiom pre- 

treatment values. A decline in pst-prandial glucose levels was seen only among those who 

were treated with insulin in addition (7.18 + 1.77 mmoVL to 6.42 f 0.98 mrnoVL, p<0.001). 

The average birth weight was 3542 _+ 48 1 g, and 13.8% of the infants were macrosomic 

(24000 g), which are similar to that seen in the general population. Bot. maternal fasting and 

post-prandial glucose levels were significantly and independently associated with infant birth 

weight afier adjusting for the effects of maternal age, parity, gestational dwaîion, BMI, rate 

of weight gain before and f i e r  GDM diagnosis, mode of treatment (diet or âiet and insulin), 

and total energy intake. 

Besides the total amount of carbuhydrate, the source of carbohydrate may also be 

important. Complex carbohydrates produce smaller glycemic excursions and therefore 

should make up the bulk of the carbohydrate consumed (JcnloiriJ et al 1984). The glycemic 

index of foods, the exchange system and carbohydrate counting are some of the dietary 



strategies ernployed by dietitians/nutritionists in educatiag individuals with diabetes to make 

food choices based on the carbohydrate content and glycemic response to different foods 

(Kalergis et al 1998). The cumnt guidelines by the ADA and CDA (ADA 1998, CDA 

1 W8b) for individuals with Type 1 and 2 diabetes, permit substitution of sucrose for other 

carbohydrates, up to a maximum of 10% of total energy intake. No specific 

recommendations were made for women with GDM. 

iii. Meal pattern 

There is insufficient evidence to make any specific rrcornmendations regafding meal 

patterns for GDM. Practices vary between clinicians, however, most recommend distribution 

of total energy and carbohydrates over three meals and three snacks (Fagen et al 1995, 

Kitaniller 1993). The CDA recommends the use of snacks which provide " 15% of total daily 

energy intake and contain at l e s t  25 g wrnplex carbohydrate combined with more slowly 

digestible protein and fat" and especially a bedtime snack to prevent noctumai hypoglycemia 

(CDA 1991). The cunent ADA guidelines do not include specific recommendations for 

either nutrient composition or meal patterns for women with GDM; rather, individualized 

dietary modifications and meal plans are recommended (ADA 1998). 

The rationale for including snacks is to spread the carbohydrate load throughout the 

day. In one shidy (Jenkins et al 1992), glycemic and insulin profiles irnproved with increased 

meal fi-equency among individuals with Type 2 diabetes. However, studies evaluating effects 

of meal fiequency on metabolic profiles arnong women with GDM are lacking. 

Hollingsworth and Ney (1992) caution against the use of daytime snacks in obese women 

with GDM as they elicit a higher pst-prandial glucose and insulin response. 

iv. Insufin therapy 

Insulin therapy is usually initiated if dietary treatment alone is not successful in 

maintainhg pre-prandial and/or pst-pmdial euglycemia Oral hypoglycemic agents are not 

recommended during pregnancy as they can have teratogenic eEects on the fetus (Smithberg 

and Runner 1963). Glycemic thresholds for initiation of insulin therapy Vary across studies. 

Target glycemic levels recommended by the CDA (1998a) to achieve optimal neonatal 



outcome in GDM are fasting: ~ 5 . 3  mmoi/L, 1-h pst-prandial: (7.8 mxnoVL and 2-h ps t -  

prandial: (6.7 rnrnoVL. Insulin therapy is recommended if these target levels are not 

achievable on diet therapy alone. The ADA (1996) recommends initiation of insulin thcrapy 

if plasma fasthg glucose ex& 5.8 mrnoVL or 2-h pst-prandial value ex& 6.7 mmow 

on huo or more occasions over a 1-2 week p e n d  The use of human rather than animal 

insulin is recommended in pregnancy, as it is causes less severe glycemic excursions 

(Jovanovic-Peterson et al 1992) and is less allergenic to the fetus (Reece et al 1995). The 

choice of insulin, frequency of administration and dosage varies according to individual 

needs in maintaining euglycemia. Studies evaluating the effectiveness of diet and insulin 

therapy vs. diet therapy alone are equivocal, with some reporthg improved pregnancy 

outcornes with insulin treatment (Coustan and Lmarah 1984, niompson et al 1990) and 

others reporting no difference (Garner et al 1997, Li et al 1987). 

v. Sey-mon itoring of b l o d  glucose (SMBG) 

SMBG is an important aspect of GDM management, especially for women on insulin 

therapy, as it provides imrnediate feedback regarding glycemic levels, ai& fast recognition 

of hypo- or hyper-glycemia, helps in better control of blood sugar, and reinforces the 

relationship between portion sizes, food choices and glycemic levels (Fagen et al 1995). 

Reflectance meters are recommended rather than visual readings of blood glucose test strips, 

as they are more quantitative and accurate (Langer et al 1994). Drawbacks of SMBG include 

cost of the meters and strips, inaccurate readings owing to poor calibration or inadequate 

volume of blood sarnple and pain (CDA 1998~). 

There is no standard regardhg fkquency or timing of SMBG. intensive SMBG using 

visual strips or reflectance meters helps in the identification of more patients requiring 

insulin therapy, results in more stringent glycemic control and a decreased incidence of 

infant morbidity (Goldberg et al 1985, Langer et al 1994). Also, pst-prandial rather than 

pre-prandial SMBG may improve pregnancy outcome in women with GDM. De Veciana et 

al (1 995) randomly assigned 66 women with insulin-treated GDM to a reghm compnsing 

either pre-prandial or pst-prandial SMBG (before breakfast or 1 -h aAer each meal). Women 

on the post-prandial regimen received significantly more insulin, had lower glycosylated 



hemoglobin levels before delivery, lower infant mean birtb weight, decreased incidence of 

large-for-gestational age infants, lower cesarean section rates for cephalo-pelvic 

disproportion and a lower kequency of neonatal hypoglycernia cornpareci to women on the 

pre-prandial regimen. There wcre no small-for-gestationai age (SGA) infants in the pre- 

prandial group and only 1 SGA infant in the pst-prandial group. The authors suggest that 

post-prandial m o n i t o ~ g  of blood glucose helps achieve tighter glycemic cantrol in GDM. 

Generalizability of the study findings is limited because the study subjects were 

predominantly Hispanic and were al1 treated with insulin, indicating more severe glucose 

intolerance. 

vi. Exercise 

Increased physical activity may improve glycemic levels indirectly by impacting on 

energy metabolism and body weight or directly by danc ing  insulin sensitivity and glucose 

uptake by peripheral tissues (Schulz and Weidensee 1993, Wake et al 1991). The latter effect 

is seen even after a single episode of exmise (Devlin et al 1987), indicating that improved 

glucose clearance may be due to the cumulative effects of individual exercise episodes rather 

than a training effect (Schneider et al 1984). 

Uncertainty still prevails regarding safe and optimal levels of exercise among 

pregnant women. Current evidence indicates that moderate intensity exercise during 

pregnancy does not increase the nsk for adverse outcornes for low risk women (ACOG 

1994b). Exercises that do not cause uterine contractions, fetal bradycardia or matemal 

hypertension are regarded as safe during pregnancy. In one study @urak et al 1990), fetal 

heart rate, matemal blood pressure and uterine activity were measured in healthy pregnant 

women during exercise using a bicycle, recurnbent bicycle, rower, treadmill or arm- 

ergometer. Of the 5 types of quipment, the upper-arm ergometer was judged to be the safèst. 

Studies evaluating the safety and utility of exercise arnong women with GDM as a 

means of maintainhg euglycemia are very limited. Rosas and Constantine (1992) randomly 

assigned 4 1 women with class A2 GDM (fasting plasma glucose between 5.8-7.1 mmoVL) 

to treatment involving dietary modification and a supeMsed exercise regimen or diet and 

insulin therapy. Women in the diet-exercise group peiformed supmrised moderate intensity 



exercise on a treadmill or bicycle ergorneter 3 tirnedweek, each session lasting 45 minutes. 

Pregnancy outcomes were similar between the two groups. The authors suggest that 

supervised exercise among women with GDM may be used as a safe alternative to insulin 

therapy. Jovanovic-Peterson et al (1989) randornized 20 women with GDM to a treatment 

of intensive diet therapy for 6 weeks or 6 weeks of diet therapy and supervised upper-body 

exercise using an arm-ergometer 3 timet'week, each session lasting 20 minutes. At the end 

of the treatment penod, women in the exercise group had significantly improved blood 

glucose profiles compared with those in the diet-only group (p<0.001). No pregnancy 

outcomes were evaluateû in this study. In conclusion, moderate intensity exercise appears 

to be safe and beneficial for GDM women with different degrees of glucose intolerance. 

However, this finding needs to be confirmed in randomized clinical trials using larger 

numbers of women. 

d) 1s screening and treatment for GDM effective? 

Despite widespread screening and treatment for GDM practiced by most health 

centers in North Amenca, debate still rages over the benefits of screening and treatment of 

GDM for the woman or her infant. Purported benefits of screening and treatment for GDM 

include reduced perinatal mortality, morbidity and early identification and intervention for 

individuals at risk for Type 2 diabetes. However, the evidence for the effectiveness of GDM 

screening and treatment in improving immediate pregnancy outcomes is quivocal; results 

of existing studies are surnmarized in Table 1. 

The use of perinatal mortality as an outcome measure is Iimited, given the ment  

decline in perinatal mortality rates in the general population (Persson et al 1985) and the very 

large sample size required to detect a meaningful change in perinatal mortality rates as a 

consequence of GDM screening or treatment. Studies which have evaluated the effect of 

GDM screening or treatment on perinatal mortality report that screening (Santini & Ales 

1990) or treatment of GDM (O'Sullivan and Mahan 1966, Coustan and Imarah 1984) does 

not affect perhatal mortality. 

uifant macrosomia is the most fiequently used indicator of adverse perinatal outcome 

in materna1 diabetes owing to its association with cesarean section, shoulder dystocia and 



birth trauma (Stephenson 1993). A majority of studies testing the effkct of any GDM 

treatment vs. no treatment consistently indicate that macrosomia rates are signifimtly lower 

among treated vs. untreated women (O'Sullivan and Mahan 1966, Naylor et al 1996, Rey et 

al 1996, Adams et al 1998, Coustan and Lewis 1978). In contrast, studies comparing 

different treatment strategies either report no difference in macrosomia rata  baween treated 

groups (Garner et al 1997, Pmson et al 1985, Coustan and Lewis 1978) or l e s  macrosomia 

in the diet and insulin treated vs. diet treated group (Coustan & Irnarah 1984, Mello et al 

1997) or intensively treated vs. conventionally treated group (Langer et al 1994). Part of the 

reason for these inconsistencies may be due to methodological flaws. The observational 

design of most studies with non-random treatment assignment could potentially lead to 

confounding with more motivated women opting for more stringent treatment (Coustan and 

Imarah 1984, Langer et al 1994). The randomized trials were also prone to such problems 

as potential for confounding due to incomplete randomization (Persson et al 1985, Garner 

et al 1997), or use of uncornmon diagnostic cntena (Coustan and Lewis 1978, Persson et al 

1985, Garner et ai 1997). 

The effects of  GDM treatment on infant metabolic complications such as 

hypoglycemia, polycythernia, hyperbilirubinemia and respiratory distress have not been 

investigated to the same extent as macrosomia. Nevertheless, as with macrosomia, untreated 

GDM appears to c a r y  an increased risk for infant metabolic problems compared with treated 

GDM or nonnoglycemic controls (Rey et al 1996, Adams et al 1998), whereas treatment 

with diet alone vs. diet and insulin appears to make little or no difference (Coustan and 

Imarah 1 984, Persson et al 1 985, Garner et al 1 997). However, one study (Langer et al 1 994) 

using a more intensive treatment strategy including fiequent insulin therapy demonstrated 

lower rates of metabolic complications compared to conventional treatment with less 

fiequent insulin use. The results of these studies need to be interpreted with caution aven 

the potential for bias if only symptomatic infants are tested (Stephenson 1 993). 

The effectiveness of GDM treatment in preventing long-term adverse outcornes is not 

known. Approximately 20 to 80% of women with GDM, may develop Type 2 diabetes 

eventually (Damm et al 1992, Kjos et al 1995, Kauhann et al 1995, Peters et al 19%) and 

the infants of these women are also at increased nsk for subsequent obesity and diabetes 



(Siverman et al 1991, Pettitt et al 1993), but there is no evidence that treatment of GDM 

helps reduce this nsk. However, screening for GDM may aid in the early identification of 

individuals at nsk for Type 2 diabetes, pexmitting timely intervention to prevent or delay the 

onset of this disease (Bennett and Knowler 1 984, Pan et al 1 997, Simrnons 1996). indirect 

evidence for this cornes h m  a randomized trial in China (Pan et al 1997), in which men and 

women with impaired glucose toletance (n=577) were randomly assigneci to a no- 

intervention group (contml) or one of 3 intervention p u p s :  diet only, exercise only, or diet 

and exercise. A bi-yearly follow-up over a 6 y period revealed that the cumulative incidence 

of Type 2 diabetes was significantly lower among each of the three intervention groups 

compared with the control group (43.8%, 41.1% and 46.0%, respectively, vs. 67.7%, 

pe0.05). The rate of progression to Type 2 diabetes was significantly lower among the 

intervention p u p s  even afler adjusting for differences in baseline BMI and fasting glucose. 

Diagnosis and treatment for GDM also has potential for negative effects which need 

to be carefully investigated. Adverse effects associated with a 'diagnostic label' include poor 

health perception among women with a fdse positive test for GDM (Kerbel et al 1997), and 

among those diagnoseci with GDM; u1cfeaSed anxiety regarding fetal health (Laplante 1992), 

and high primary cesarean section rates (Naylor et al 1996). Very stringent treatment for 

GDM can also increase the risk for intra-uterine growth retardation (Langer et al 1989). 

In conclusion, the evidence for effectiveness of GDM treatment in improving 

pregnancy outcornes is equivocal. Given that intervention for GDM includes methods to 

control glycemic levels as well as more intensive prenatal monitoring, it is unclear which 

intervention is ûuly beneficial in improving perinatal outcome (Okun et al 1997a). The 

observational design of most studies and lack of true randomization makes it difficult to 

evaluate the efficacy of one treatment over another or even over no treatment. The ideal 

study would be to randomly assign a group of GDM women to treatment or no treatment and 

evaluate short-term and long-tenn matemal and infant morbidity. However, owing to the 

established practice of treating al1 women identified with GDM, such studies may not be 

ethically feasible. The usefulness of GDM diagnosis or treatment in alleviating either short- 

term or long-texm materna1 and infant complications remaias to be demonstrateci in fihire 

well-controlled studies. 









Santjni & -0bservational -NDDG criteria N=533 -No diffcrences in pçrinatal niortality, 

Ales ( 1 990) smdy -Physician (Unscreened) macrosomia, and other infant morbidity between 

- screenees vs. diagnosis N=774 (Screened) screened vs. unscreened women but primary 

non-screenees cesarean sections rates were significantly higher 

among screened women 

-43 of 44 (physician-diagnosed) cases of GDM 

were treated wiîh diet or diet & insulin. Matcmal 

or neonatal outcomes did not differ betwccn 

treated GDM, untrcatcd GDM or unscrccncd 

women 

-Potential bias as 

scrcened women were 

more likely to be 

obese han unscreened 

women 

-Sample size too snlall 

(n43)  to determine 

cffcct of GDM 

trcatmcnt 

Naylor et al -0bservational -NDDG criteria N=l15 (untreated -Women not treated for GDM has significantly -Control for 

( 1 996) study (treated GDM) GDM) higher rates of infant macrosomia (28.7%) confounding unclcar 

-treatrnent vs. no -Carpenter & N= 143 (treated compored with womcn treated for GDM (10.5Y0) for macrosomia 
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GDM) rates of macrosomia (44%) compared with diet 

N=297 (diet treated treated GDM (15%) or controls (8%) 
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more common among 

screcncd than 
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2.2 

This section reviews the curent literature on risk factors for infiant macrosomia. 

Given the wide array of factors tbat can infîuence fetal growth (Krarner 1987a), this 

review will be limited to a discussion of specific risk factors for infant macrosomia that 

formed the premise of this doctoral work, Le. non-modifiable risk factors including 

materna1 age, parity, height, ethnicity and infant gender and modifiable nsk factors 

including maternal pregravid weight, gestational weight gain, pst-term delivery, 

glycemic status and smoking status. 

2.2.1 Definition 

Birth weight is a critical determinant of perinatal morbidity and mortality and is 

detennined by the rate of fetal growth and the duration of gestation (Institute of Medicine 

1990). The relationship between birth weight and neonataf mortality is U-shaped. Infant 

mortality increases sharply with birth weights a 5 0 0  or >4250 g; the lowest rate 

occuming between birth weights of 3500-4000 g (Chase 1969, Saugstad 1981). 

Macrosomia is a term used to refer to large fetuses. The definition of infant macrosomia 

varies widely in the literature, the most comrnon ones being birth weight >4000 g (Boyd 

et al 1983, Koldenip et al 1997, Meshari et al 1990), 24500 g (Spellacy et al 1985, 

Wilkstrom et al 1988) or birth weight 290'~ percentile for gestational age of a reference 

population (Jacobson et al 1989, Miller et al 1988). The reported prevalence of 

macrosomia by each of these definitions is 10-32% (Boyd et al 1983, Elliot et al 1982, 

Gregory et al 1 W8), 054.4% (Gonen et al 1996, Boyd et al 1983) and 8-14% (Kitnniller 

1986, Hediger et al 1998) respectively. 

2.2.2 Predictors of Infant Macrosomia 

a) Non-Modifiable Predictors 

i. Age 

Extremes of matemal age (i 16 y or 235 y) are associated with suboptimal 

pregnancy outcornes (Knmer 1987a, Prysak et al 1995). While bath extrema in age 

increase the risk for low birth weight, only advanced maternal age increases the nsk for 

high birth weight. Cogswell and Yip (1995) reported that teenage mothen gave birth to 



lighter babies on an average (-149 g for Caucasians and -99 g for blackr), whereas 

women 235 y of age gave birth to heavier infants (+ 50 g for both races) compared with 

women aged 20-34 y. In a study of 348 black women, Esse1 and Opai-Tetteh (1995), 

found that older maternal age (30-39 y) was more comrnon among macroJomic infants 

(24000 g) vs. control infants (3000-3200 g) (33.9% vs. 17.8%, pc0.01). Similarly, 

Spellacy et al (1985) reported a higher mean matemal age among infants with mild 

(4500-4999 g) or severe rnacrosomia (~5000  g) compared with control infants (2500- 

3499 g) (28.6 t 5.5 y or 29.1 t 5.6 y vs. 25.8 5.7 y, respectively; p~O.05). Whether 

matemal age had an independent effect on infmt birth weight in these studies is 

questionable, however, as potential facton confounding this relationship such as parity 

and matemal anthropometry were not controiled. Studies which have controlled for 

confounden adequately are not consistent with regard to the effect of matemal age on the 

risk for macrosomia. Whik some studies report an increased risk for macrosomia with 

advancing age independently of other factors (Larsen et al 1990), others report no 

significant effect (Scott et al 1982, Johnson et al 1992). These inconsistent fkdings may 

in part be due to the different age intervals used in the analyses across studies. While 

Larsen et al (1990) determined the effect of age by 5 y intervals from 15-30 y, Johnson et 

a1 (1992) categorized age as QO y, 20-26 y and 226 y and Scott et al (1982) evaluated 

the effect per standard deviation increase in maternal age. 

ii. Ethn iczty 

Differences in mean binh weight have been noted arnong different ethnic groups 

world-wide, ranging h m  2400 g among the Lurni of New Guinea to 3830 g among the 

Cheyenne in the United States (Meredith 1970). In North Amenca, Caucasian infants 

have a higher mean birth weight compared with Afkican-Arnerican (Cogswell and Yip 

1995) or Chinese infants (Wen et al 1995) bom in the United States or Canada, even after 

accounting for differences in maternal demographic and anthropometric facton. 

Ethnic differences in birth weight may represent both genetic and mvhnrnental 

influences, but the relative effects of the two factors are still unclear. The effect of 

matemal ethnicity on infant birth weight has been mainly studied with the objective of 

identifying nsk factors for low birth weight or infant mortality (Kramer 1987a, Kleinrnm 



1 99 1 ). There is little published information regarding ethnic di fferences in macrosomia 

prevalence. In a study of 14,2 19 births in West Jenisalem, infants of North Afiican origin 

had higher mean birth weight compared with infants of other ethnic groups d e r  

accounting for the effects of gestational age, infant gender, parity, matemd smoking and 

body mass (Yudkin et al 1983). Similar findings were reported in a study (Buekens et al 

1995a) comparing mean birth weight of Belgian infants with immigrant North M c a n  

infants. in the latter study, North Afncan infants had higher mean birth weight, despite 

their lower socio-economic status, and their entire birth weight distribution was shifted to 

the right compared with Belgian infants. The prevalence of macrosamia was not reported. 

Wasse et al (1994) reported that uifants of fmt-generation Ethiopian women in the 

United States were more likely to deliver macrosomic infants (24000 g) than US-born 

blacks (20% vs. 4%) and this was not due to differences in gestational age, gestational 

diabetes or parity. The risk remained elevated aAer adjusting for maternal age, smoking, 

and marital status (RR: 4.0, 95% CI: 2.3-6.8). Although gestational diabetes was more 

cornmon among Ethiopian women compared with US Blacks, this factor was not adjusted 

for in the analyses. Also, no information on maternal body weight or height was available 

(Wasse et al 1994). A high prevalence of macrosomia (birth weight >4000 g) has also 

been reported among many North Amencan Native groups (Thomson 1990, Murphy et al 

1993, Dyck and Tan 1995, Caulfield et al 1998) compared with the general US or 

Canadian population, but the reasons for these ethnic differences have not been explored. 

In conclusion, ethnic differences in mean birth weight and infant macrosomia 

prevalence may either reflect differences in genetic traits or differences in gestational 

duration, matemal anthropometry, socio-economic status, diet or lifestyle. Differences in 

matemal characteristics between ethnic groups need to be precisely measured and 

accounted for before attributing ethnic differences in birth weight to genetic differences. 

iii. Parity 

Multiparous women are 2-3 times more likely to deliver macmsornic babies 

(>4000 g) compared with primiparous women (Modaniou et al 1980, Essel and Opai- 

Tetteh 1995). Grand multiparity (25 births) may M e r  increase the risk (Toohey et al 

1995). It is important to separate the effects of parity h m  age and body weight because 



multiparous women tend to be older and heavier compared with primiparous women 

(Brown et al 1992). However, some studies have s h o w  that multiparous women deliver 

bigger babies independently of age and pregravid weight (Larsen et al 1990, Johnson et al 

1992). The mechanism by which multiparity independently increases fetal growth is not 

understood (Cogswell and Yip 1995). 

iv. Height 

The effect of matemal height on fetal growth may reflect genetic potential for 

growth or uterine capacity for fetal growth (Krarner 1987a, Cogswell and Yip 1995). 

Taller women have bigger babies and the effect is independent of the effect of maternal 

weight (Cogswell and Yip 1995). The risk for infant rnacrosomia increased 2-3 fold 

among ta11 women (>162.5 cm or >167 cm) compared with short women (s 155 or 157 

cm) in two well-controlled studies (Larsen et al 1990, Johnson et al 1992) 

v. Infant sex 

Male infants tend to be heavier than female infants on an average. Based on a 

meta-analysis of 15 studies fiom developed countries, Kramer (1 987a) reported that male 

infants were 126.4 g heavier than femaie infants. A majonty of macrosomic infants (60- 

70%) also tend to be male (Lazer et al 1986, Spellacy et al 1985). 

b) Modifiable Predictors 

i. Prepregnancy weight 

The association of matemal prepregnancy body weight with infant size may 

reflect genetic inheritance of body size or composition andor availability of maternal fùel 

reserves at the start of pregnancy (Kramer 1987a, Cogswell and Yip 1995). Over the past 

two decades, there has been a trend towards increasing oveweight a m n g  women of 

childbearing age and also an increase in the prevalence of macrosomic infants. Data h m  

22 States in the US indicate that the prevalence of pre-pregnancy obesity (BMI >29 

kg/m2) increased h m  19.4% in 1979 to 32.6% in 1993 (Perry et al 1995a). The 

proportion of macrosomic infants also increased in the US h m  8.2% in 1965 (National 

Center for Health Statistics 1988) to 1 1.3% in 1986-87 (Buekens et al 1995b). 



The relationship between maternal pregravid body mass and infant birth weight 

has been descnbed as linear (Abrams and Laros 2986). Measures of pregravid weight are 

either based on maternal recall (Yu and Nagey 1992) or the fkst available weight d d n g  

early pregnancy (Institute of Medicine 1990). Methodological problems associated with 

recalled weight include underestimation of pregravid weight by overweigbt women and 

overestimation by undeweight women (Perry et al 1995b, Stevens-Simon et al 1992). 

Also, pregravid weight based on early gestational weight may include some amount of 

early gestational weight gain or loss. However, these errors are unlikely to bias the effect 

on infant birth weight, as these meanires are recorded before the birth of the infant 

(Cogswell and Yip 1995). Pregravid obesity has been variably defined in the iiterature 

based on cut-offs of absolute prepregnancy weight (Johnson et al 1992, Perlow et al 

1992), prepregnancy weight as a percent of ideal body weight (Mitchell and Lerner 1989, 

Naeye 1990, Larsen et al 1990, Wen et al 1990) or BMI (Larsen et al 1990, Johnson et al 

1 992, institute of Medicine 1990). 

Matemal pregravid obesity has been found to independently increase the risk for 

infant macrosomia in most studies. In a study among 3 191 low income women, Johnson 

et al (1992) found a significantly elevated nsk for infant macrosomia among women in 

the highest quartile of prepregnancy weight (>155 Ib) (Odds ratio: 3.6, 95% CI: 2.6-4.8) 

but not among those in the highest quanile of BMI (>29 kg/m2), compared with women 

in the lowest quartiles of weight (s 116 lb) or %MI (49.8 kg/m2), afler aâjusting for the 

effects of matemal height, net weight gain, ethnicity, diabetes, gestational age at delivery, 

infant gender and demographic variables. Larsen et al (1990) found a two-fold higher nsk 

for macrosomia among obese women (pregravid BMI >32.3 kg/m2) compared with 

normal weight women (BMI 220.0 to 24.9 kg/m2) (Odds ratio: 2.2, 95% CI: 2.0-2.3) 

enrolled in the Women, Infant and Chiidren (WIC) program in the United States, after 

adjusting for matemai height, ethnicity, age, parity, gestational duration and infant sex. 

The effect of gestational weight gain was not adjusted in this analyses, which may 

underestimate the effect of pregravid weight on birth weight, as obese women generally 

gain Iess weight during pregnancy (Cooper et al 1995, Siega-Riz a ai 1994). A b m s  et 

al (1986) studied the effect of pregravid body weight on birth weight among 2946 women 

from a broad socio-economic base. Very overweight women (>135% of ideal body 



weight) delivered infants who weighed 179 g more on average compared with infants of 

normal weight women (90-120% of ideal body weight). Unfortunately, neither the 

prevalence nor the risk for infant macrosomia associated with pregravid weight was 

detemineci in this study. In an analysis of 60,077 singleton tenn births, Cogswell and Yip 

(1 995) reporteci that mean birthweight was 150 g higher among infants of obese mothers 

(BMI 229 kg/m2) compared with infants bom to women with normal prepregnancy BMI 

(1 9.8-26 kg/&). Scott et al (1982) reported that 26% of the risk for infant macrosomia in 

their study could be attributed to prepregnancy weight after accounting for the effects of 

parity, smoking status, height, pregnancy weight gain, previous live births and maternai 

age. 

in addition to total body obesity, central obesity has been recently identified as a 

risk factor for high birth weight. Central fat distribution is associated with higher levels 

of fatty acids, circulating triglycerides, hormonal changes, increased fasting glucose 

levels and insulin resistance, al1 of which can potentially influence fetal weight (Brown et 

al 1996). Waist-to-hip ratio and waist circumference are commonly used as indicators of 

central obesity. However, uncertainty exists regarding the gestationai age up to which 

these measures would accurately reflect central adiposity without including the increase 

in uterine growth as pregnancy progresses (Branchtein et al 1997). Results of one shidy 

indicate that waist-hip ratio could be used as an indicator of central adiposity until 26 

weeks of gestation which corresponds to a uterine height of 26 cm (Branchtein et al 

1997). In the only study that evaluated the impact of central fat patteming on birth weight 

(Brown et al 1 W6), a 0.1 unit increase in waist-hip ratio (WHR) (measured 1 year before 

conception through 45 days post-conception) increased bkth weight by 120 g, after 

controlling for the effects of socio-economic status, ethnicity, age, parity, BMI, height, 

gestational weight gain, skinfold thickness, smoking, infant sex, gestational age, and 

gestational diabetes. An interaction between BMI and WHR was also noted. For every 

0.1 unit increase in WHR, birth weight increased by 42 g for a BMI of 20, by 162 g for a 

BMI of 25 and by 281 g for a BMI of 30 kg/m2. 

To summarize, the impact of matemal obesity on ùrfant growth has been 

evaluated using different indices and different cut-offs across studies. The relation 

between the two appears to be strong and consistent even after controlling for the effects 



of other confounders. The additional risk imparted by central obesity for infant 

macrosomia warrants fiuther investigation. 

ii. Gestational weight gain 

Weight gain during pregnancy comprises an increase in various materna1 tissues, 

plasma volume, fat stores, weight of the fetus, placenta and amniotic fluid (Hytten and 

Thomson 1976). The total amount, pattern and composition of weight gain are known to 

impact fetal growth (Institute of Medicine 1990). While hadequate pregnancy weight 

gain can increase the risk for fetal growth retardation (Kramer 1987a), excessive weight 

gain can elevate the risk for fetal macrosomia (Johnson et al 1992, Cogswell et al 1995). 

Total weight gain during pregnancy is calculated as the difference between weight at or 

before delivery and either recalled pregravid weight or the first measured weight during 

early pregnancy (Institute of Medicine 1990). Because total gestationid weight gain 

includes the weight of the fetus, net weight gain (total weight gain-birth weight) rather 

than total weight gain should be used to prevent an overestirnation of  the effect of 

gestational weight gain on birth weight (Kleinman et al 1990). Although gestational 

weight gain by itself is an important deteminant of fetal growth, its eRkct is modified by 

the woman's pregravid weight status. The effect of gestational weight gain on infant birtb 

weight is strong arnong underweight or normal weight women and weak or  insignificant 

among overweight or o b a e  women (Abrams et al 1986). The amount of weight gained 

during pregnancy also depends on the duration of pregnancy. Therefore, in determining 

the impact of gestational weight gain on birth weight, weight gain should either be 

expressed as a rate (kglweek) or the effect of gestationai age should be adjusted 

statistically in the analyses (Selvin and Abrams 1996). Other potential confounders that 

need to be considered are race, socioeconomic status and smoking status m e r  1987a). 

Given the high variability of weight gain among women with healthy pregnancy 

outcomes and the interaction of weight gain with pregravid weight, the Institute of 

Medicine (1990) of the United States proposeci ranges rather than single values for 

pregnancy weight gain, specific to BMI. The recornrnendations for weight gain stratified 

by pregravid BMI arc as follows: 28-40 lb for undenveight women (BML 49.8  kg/m2), 

25-35 Ib for normal weight women (BMI s 19.8-26 kg/m2), 15-25 Ib for oveweight 



women @MI >26-29 kg/rn2) and a minimum of 15 Ib for obese women (BMI >29 

kg/m2). These recommendations are more liberal than those recomrnended previously 

owing to the Institute of Medicine (1990) cornmittee's view that restricted fetal growth 

constituted a more important public heaith problern than macmsomia This has been 

recently criticized by Johnson and Yancey (1996) and Feig and Naylor (1998) who 

question the methodologic adequacy of studies on which these recommendations were 

based. The latter authors also caution that the institute of Medicine's liberal 

recommendations may lead to excessive weight gains and associated problems of infant 

macrosomia, operative deliveries, pst-parturn weight retention, obesity, and diabetes. 

Various studies conducted in the United States, following the publication of the 

guidelines, indicate that only 3040% of pregnant women gain weight within the 

recommended ranges (Abrams 1994). In two recent studies, the risk for infant 

macrosomia was 2-4 fold higher among women whose pregnancy weight gain exceeded 

the Institute of Medicine recornmendations compared with those whose weight gains 

were in accordance with the Institute of Medicine guidelines. A weight gain >25 lb was 

defined as excessive for obese women in these studies (Cogswell et al 1995, Caramichael 

et al 1997). 

Pregnancy weight gain tends to be more variable among obese women compared 

with underweight or noxmal weight women (Abrams and Laros 1986, KIeinman 1990). 

Few studies have evaluated effects of gestational weight gain on birth weight among 

obese women (Abrams and Laros 1986, Kleinman 1990). Given the paucity of 

information, the Institute of Medicine (1990) recomrnended that obese women @MI >29 

kg/m2) gain a minimum of 15 Ib, which corresponds to the weight of the fetal 

compartments (fetus, placenta and arnniotic fluid), but did not specify an upper lirnit. 

Some studies since the Institute of Medicine report, have attempted to identiS an upper 

limit for pregnancy weight gain among obese women. Cogswell et al (1995) found that 

among obese women (BMI >29 kg/m2), the risk for infant macrosomia increased by 30% 

with weight gains of 25-29 lb and doubled with weight gains of 230 Ib compared with 

weight gains between 15-1 9 lb. These authors recommended an upper threshold of 25 lb 

for weight gain among obese women, as higher gains increased the nsk for macrosomia 

without reducing the likelihood for low birth weight. In another shidy (Parker and 



Abrams 1992), the nsk for growth-retarded infants ( ~ 1 0 ~  percentile for gestational age) 

was not reduced but the risk for macrosomic infants increased by 40% among obese 

women (BMI >29 kg/&) who gained >37 1b comparecl with those who gain& between 

20-37 lb. Similarly, Bianco et al (1998) reported that weight gain or l o s  among morbidly 

obese women ('MI >35 kg/m2) did not influence the risk for growth retardation, whereas 

a weight gain of >25 lb significantly increased the nsk for infant mamsomia. These 

studies indicate the need to limit weight gain among obese women to minimize the nsk 

for infant macrosornia. 

The pattern and composition of gestational weight gain may also have important 

implications for fetal growth. However, there are few published studies which have 

evaluated the optimal pattern of maternal weight gain during pregnancy or its relationship 

with fetal growth. Arnong women with g w d  pregnancy outcomes, i.e. delivery of a live- 

bom infant with birth weight between 3-4 kg at 39-41 weeks gestation, weight gains in 

the second and third trimester were higher arnong underweight or nomal weight women 

than among overweight or obese women (Caramichael et al 1997). In a study among 

pregnant adolescents (Scholl et al 1990), gestational weight gain e 5 '  percentile at 16 

weeks was associated with an increased nsk for low birth weight whereas weight gain 

>75" percentile during the same p e n d  significantly increased the risk for infant 

macrosornia (adjusted Odds ratio: 2.3, 95% CI: 1.3-4.1). Muscati et al (1 996) reported 

that high early gestational weight gain (up to week 20) did not decrease the proportion of 

small-for-gestational age infants, increased the risk for large-for-gestational age infants 

and resulted in greater pst-partum weight retention arnong healthy non-smoking women. 

These studies suggest that the best pattern of weight gain would be one that paralleled the 

period of rapid fetal growth, Le. the second half of pregnancy. Besides the timing of 

gestational weight gain, the composition of the weight gained during pregnancy can also 

influence fetal growth. Several studies have reporteci no correlation between maternai fat 

accretion during pregnancy and infant birth weight among well nourished women 

(Langhoff-Roos et al 1987, Lawrence et al 1991) but significant associations among 

undemourished women (Villar et al 1992, Viegas et al 1987). 

In conclusion, the existing evidence suggests that there may be a threshold effect 

of gestational weight gain on fetal growth, which varies by maternal pregravid weight 



status. Excessive pregnancy weight gain (especially duruig the tirst half of gestation) is of 

concem because of the increased risk for infant macrosomia but intervening early enough 

in pregnancy to control early gestational weight gain is difficult. 

iii. Gfycemic srarus 

In this section, the literature on macrosomia prevalence among women with 

gestational diabetes mellitus (GDM) or lesser degrees of glucose intolerance vs. 

normoglycemic women will be reviewed. The effect of pregestational diabetes on infant 

macrosomia will not be covered aven the exclusion of pregestational diabetic women 

fbm the studies conducted as part of this doctoral research. A b ,  the review will be 

restricted to studies which have adequately controlled for confounding. 

Pedersen's hypothesis is common1y used to explain the effect of matemal 

glycemic levels on infant size, i.e. matemal hyperglycemia primes the fetal pancreas to 

secrete excessive arnounts of insulin, resulting in increased fetal growth and adiposity 

due to the anabolic effects of this hormone (Pedersen and Oder 1961). Although GDM 

may potentially cause infant macrosomia through this rnechanism, the importance of 

GDM as a risk factor for macrosomia is under debate (Okun et al 1997b, Maresh et al 

1989) because the effect of GDM has not been clearly distinguished fiom that of matemal 

obesity, which is an important risk factor for both GDM and infant macrosomia. 

The reporteci prevalence of infant macrosomia (~4000 g or 2 9 0 ~  percentile) 

among women with GDM ranges fiom 10% to 35% (Langer et al 1989, Hod et al 1991, 

Casey et al 1997), depending on the cnteria used for diagnosing GDM, treatment for 

GDM and presence of other nsk factors. Several well-controlled studies comparing rates 

of infant macrosomia between women with GDM and nonnoglycemic controls repori 

equivocal findings. Jang et al (1997) compared macrosomia prevalence between 65 

women with GDM and 153 normoglycemic controls matched for age, height and 

pregravid weight. Infants of women with GDM weighed 138 g more and had a higher 

prevalence of rnacrosomia (>400 g) (13.8% vs. 3.3%, p<0.01) compared with control 

infants. Di Cianni et al (1996) found a higher prevalence of infant macrosomia (>4000 g) 

among normal weight (BMI a 5  kg/m2), overweight (25-30 kg/m2) and obese (BMI >30 

kg/m2) women with GDM compared with normoglycemic womm in similar BMI 



categories (41.5 %, 57.4% and 76.9% vs. 6.8%, 10.2% and 25.9% respectively, ~ 0 . 0 1 ) .  

Casey et al (1997) matched women with class Al GDM (fasting plasma glucose (5.8 

mmoVL) (n=874) with non-diabetic controls (n=1748) for age, parity, ethnicity and 

pregravid weight. Rates of infant macrosomia (290" percentile) were significantly higher 

among women with GDM compared with controls (35% vs. 23%) and the risk 

attributable to GDM alone was determined to be 12%. 

In contrast to these studies, Okun et al (1997b) compared 209 macrosomic infants 

with 791 non-macrosomic infants and found that treated GDM was not a significant risk 

factor for infant macrosomia (a4000 g), whereas matemal obesity was a strong risk factor 

after controlling for ethnicity, age, parity, weight gain, uifant gender, maternal birth 

weight, height and smoking status. The risk for macrosomia increased 1 .S times for every 

15 kg increase in pregravid weight. Adams et al (1998) compareci mamsomia rates 

(z4000 g) between women not treated for GDM (n=16), women treated for GDM with 

diet (n=297) and nonnoglycemic controls (n=64) and found similar rates of infant 

macrosomia among treated cases (9%) and normoglycernic controls (5%) but 

significantly higher rates among untreated cases of GDM (44%) @<0.0005), afkr 

controiling for the effects of age, ethnicity, parity, BMI, pregnancy weight gain, and 

gestational age at delivery. Maresh et al (1989) did not find an increased prevalence of 

macrosomia (290" percentile) among diet-treated (14%) or diet- and insulin-treated 

(19%) women with GDM compared with non-diabetic controls (10%). However, 

macrosomia prevalence was significantly higher among obese (BMI 231 kg/m2) vs. non- 

obese women (24% vs. IO%, pc0.01) after adjusting for the effects of age, gestational age 

and seventy of GDM. Differences in the effect of glycernic level on infant macrosomia 

among women treated for GDM across studies are likely due to difierences in the degree 

of hyperglycemia, treatment modaiity, or duration of treatment. 

Other studies indicate that even milder degrees of glucose impairment may be 

associated with an increased risk for macrosomia among presurnably nonnoglycemic 

women who do not meet the criteria for GDM. Sermer et al (1995) found that the nsk for 

infant macrosomia (>4000 g) increased with increasing fasting plasma glucose values on 

the oral glucose tolerance test, after adjusting for age, ethnicity, parity, height and body 

rnass index. For every 1 rnmoVL increase in fasting plasma glucose, the odds for 



macrosomia increased by 100% Tallarigo et al (1986) reported a signïficant increase in 

macrosomia (>4ûûû g) with increasing 2-h plasma glucose values on the 100 g OGTT. 

Othen report a higher prevalence of macrosomia among women with a positive screen 

but negative OGTT (Leikin et al 1987) or those with one abnormal value on the OGTT 

(Lindsay et al 1989) compared with those with normal screen or normal OGTT values at 

al1 time points after adjusting for the effect of body weight. 

In conclusion, a majority of well-controlled studies indicate that matemal 

glycemic levels significantly increase the risk for infant macrosornia even after 

accounting for the effects of other factors known to impact birth weight. However, the 

relationship between maternal glycemic levels and fetal growth appears to be linear 

without a clear glycemic limit above which the nsk for fetal macrosomia increases. 

iv. Cigarette smoking 

Matemal smoking during pregnancy has a negative impact on birth weight and 

cm shift the entire birth weight distribution to the left (Cogswell and Yip 1995). 

Therefore smokm are l e s  likely to deliver macrosornic infants. Although smoking is 

protective of macrosomia and is modifiable, it obviously should not be used in that way, 

given its multiple negative effects on matemal and infant health. The mechanism by 

which smoking retards fetal growth is not well understood. The effect rnay be mediateci 

through poor maternal nutrition, inadequate weight gain or through direct metabolic 

disturbances such as decreased availability of oxygen and nutrients to the fetus, 

vasoconstriction and placental insufficiency (Hamison et al 1983, Haste et al 1991)- 

Materna1 smoking can independently decrease rnean birth weight by 150 g or 1 1.1 

gkigarette smoked/day (Kramer l987a). A dose-response relationship has been described 

between matemal smoking during pregnancy and fetal growth, with increased smoking 

significantly decreasing infant weight, length and head circumference (Hebel et al 1988, 

Bntton et al 1993, Abel et al 1980, Secker-Walker et al 1997). The adverse effects of 

matemal smoking on fetal growth can be eliminated or minimized if womem quit 

smoking before pregnancy or early in pregnancy. The improvement in birth weight due to 

smoking cessation during pregnancy may range fkom 90-21 7 g (Olsen 1992, Mainnous 

and Hueston 1994, Frank et al 1994). One study reported a higher rnean birth weight 



(3548 g vs. 3258 g, ~ 0 . 0 0 0 1 )  and risk for infant rnacrosomia (>4000 g) @ZR: 3.1, 95% 

CI: 'I.2-8.0) among women who quit smoking by 28 weeks gestation compared with 

nonquitters, and the effect was observed to be independent of gestational weight gain 

(Mongoven et al 1996). However, it is not clear whether the effkct of pregravid weight 

was taken into account in this analysis. 

Factors that can confound the association between smoking and birth weight are 

matemal age, parïty, ethnicity, socio-economic status, psychological s t r a ,  and alcohol 

intake (Krarner 1987a), and the reported effects of smoking on birth weight across studies 

depends on which of these factors were controlled in the analyses. Matemai factors that 

could modiQ the effect of smoking on birth weight are materna1 age and pregravid 

weight. Smoking decreases birth weight to a greater extent among older women 

compared with younger women. Several studies (Wen et al 1990, Fox et al 1994) report a 

decrease in birth weight by 301-376 g among older women (235 or 40 y) compared with 

a decrease of 117-134 g among younger women ( 4 6  or 17 y). Effect modification of 

smoking by pregravid weight is controversial. While some studies report that materna1 

ovenveight may protect the fetus against the growth-retarding effects of smoking (Garn et 

al 1979), others report sirnilar degrees of growth retardation arnong infants of 

undeweight, normal weight or overweight smokers (Haworth et al 1980, Hellerstedt et al 

1997). 

In conclusion, smoking appears to have a strong negative impact on fetal growth, 

which varies with the number of cigarettes smoked, duration of smoking and stage of 

gestation. In determining the effect of cigarette smoking on infant birth weight, the 

confounding or interactive effects of other risk factors need to be studied simultaneously. 

v. Gestational age 

Gestational age or the duration of pregnancy is one of the most important 

determinants of fetal size (Kramer 1987b). Estimates of gestational age are based either 

on the recalled last normal menstrual period ( L W )  or ultra-sound dating. In cases of 

irregular menstruation or unavailability of gestational age estimates by LNMP or ultra- 

sound dating, gestational age may be estimated fiom a clinical assessrnent of the infant at 

birth but this method is fraught with errors (Shukla et al 1987, Andersen et al 1981). Date 



of confinement based on LNMP can also result in significant misclassification of pretenn 

or post-term gestations compared with ultra-sound dating done between 16-20 weeks 

gestation (Krarner et al 1988, Henriksen et al 1995). Post-tenn pregnancy ( r 42 weeks) is 

an important predictor of infant macrosornia. in several well-controll& studies, a 1.5-2 

fold increase in risk for infant macrosornia was reported for pst-term pregnancies (242 

weeks) compared with term pregnancies (37-41 weeks) (Larsen et al 1990, Johnson et al 

1992). 



2.3 The E~idemiology of Gest.tiond Diabetes Mellitus and Infant Macrosomia among 

Nortb Amencan Native Ponulations 

2.3.1 Gestational diabeta mellitus (GDM) among North American Natives 

Since the 1940s, a dramatic increase in diabetes prevalence rates has been reponed 

among various Native peoples in North America (Young 1988). Pnor to 1940, diabetes 

among North Arnencan Native people was reportedly very rare. This may have been due to 

infrequent screening or testing for diabetes before 1940 or a genuhe paucity of diabetes 

cases, as indicated by sbme reports based on urinary glucose testing among some Native 

groups (West 1974). The "dramatic" increase in diabetes among Native peoples has been 

amibuteci to "acculturation" to a more western lifestyle, with associated changes in dietary 

and physical activity patterns. Indeed, increased prevalence rates of some chronic diseases 

following acculturation have been reported for Aboriginal populations throughout the world 

(Daniel and Gamble 1995). 

The "thrifty gene" hypothesis first proposed by Neel (1 962) has been commonly used 

to explain the high rates of diabetes among Abonginal populations. According to this 

hypothesis, the thnfty gene conferred sunival advantage in the harsh environment of 

primitive peoples through a 'quick insulin trigger'. This mechanism allowed for more 

efficient conversion and storage of food energy as fat during "feast periods," providing an 

energy reserve during times of food scarcity. However, this thrifty mechanism is not suited 

for the modem Ii festyle of Aboriginal peoples, which is characterized by high energy intake 

and physical inactivity, leading to hyperinsulinemia, obesity and diabetes (Neel 1962). 

Several criticisms have been directed against this hypothesis. Szathmary (1987) contends that 

a 'quick insulin trigger' would not be thrifty for Aboriginal people in the arctic and subarctic 

environment, whose traditional diets were almost devoid of carbohydrate. A thrifty 

mechanism in this environment would be one that enhanced glucose production such as 

gluconeogenesis, to meet the needs of the glucose-dependent organs. Another argument 

against Neel's hypothesis is that a 'quick insulin trigger' would be beneficial only in the 

presence of increased insulin sensitivity. However, insulin resistance appears ta be the major 



metabolic defect in Type 2 diabetes (Reaven 1998). Cahill and Wen (1967) propose selective 

insulin resistance in the muscle as an altemative mechanism that could provide sumival 

advantage. This mechanism would spare glucose for use by the centrai nervous system, allow 

for efficient fat storage during feast periods and minimize muscle proteolysis (for 

gluconeogenesis) during starvation through the use of ketone bodies as fuel fiom fat 

breakdown. Hales and Barker (1992) suggest that low birth weight due to undemutrition in 

the intrauterine environment can adversely affect the fetal pancreas leadhg to Type 2 

diabetes subsequently, when m e r  stressed by factors such as obesity. An alternative 

explmation suggested by McCance et a1 (1994) is that low birth weight infants who s w i v e  

are those who are more Iikely to be genetically predisposed to insulin resistance and diabetes. 

Al1 these hypotheses have a common element in that they indicate some metaboiic alteration 

that favors survival in undemutrition but is detrimental under hpmved nutritional conditions 

(Ozanne and Hales 1998). However, the thnfty mechanism and the metabolic processes 

affecteci remain under dispute. 

Published information on the prevalence of GDM among different Native Nations 

in North Arnerica is limited; the available information is summarized in Table 1. The 

reported prevalence of GDM ranges fiom 1.6% among the Pima Indians of Arizona to 14.3% 

among the Zuni Indians of western New Mexico. However, these prevalence figures may be 

an underestimate due to incomplete screening andior diagnosis. 



Table 1 .  GDM Prevalence among North American Natives 

Native Group Sample Size GDM Criteria GDM Prevalence 

(95% cn 
- -  - 

Zuni indians 

(Benjamin et al 1993) 

Cree and Ojibwa 

(Hams et al 199 7) 

Dene & Cree 

(Dyck et a/  1995) 

Yup'ik Eskimos 

(Murphy et al 1993) 

Chippewa 

(Rith-Najarian et al 1996) 

Navajo Indians 

(Sugarman et al 1989) 

Tohono O'odham 

(Livingston et al 1993) 

MIDG 8.7% (6.9-10.6) 

self-reporteci 8.2% 

NDDG 5.8% (3.9-7.7) 

NDDG 5.8% (1.7-9.9) 

NDDG 4.3% (3.7-4.9) 

NDDG 3.2% (2.4-3.9) 

NDDG 1.6% (0-7.9) 

Predictors of GDM among Native peoples have not been adequately investigated. Of 

the studies mentioncd in Table 1, only 3 evaluated risk factors for GDM (Murphy et al 1993, 

Rith-Najarian et al 1996, Harris et al 1997). Murphy et al (1 993) reporteci that Yup'ik E s h o  



women with GDM were signififantly older and more parous compared to negative screenees. 

Body mass index (BMI) w u  not reported in this study. In contrast, Rith-Najarian et a1 (19%) 

did not observe statistical differences in age, parîty or BMI between women with and without 

GDM in their cohort of Chippewa women. The independence or magnitude of effect of each 

nsk factor was not evaluated in either of these studies. In the only well-controlled shidy in 

a Native population (Harris et al 1997), age, parity, pregravid weight, family history of 

diabetes, and previous GDM were identified as independent risk factors for GDM among 

Cree and Ojibway women of northwestem Ontario, Canada. The risk for GDM more than 

doubled for every 5 year increase in age, 3-unit increase in BMI (until a BMI of 3O), parity 

r 1, famiiy history of diabetes or previous GDM. 

2.3.2 Infant Maerosomia among North American Natives 

Infant macrosomia, rather than low birth weight, seems to be high among many North 

American Native groups, despite their lower socio-economic statu. Their low birth weight 

(es00 g}  prevalence of 2.5-5.8% (Munroe et al 1 984, Thomson 1 990, Armstrong et al 1998) 

is similar to that reporied for the general North American population (5.9%) (Joseph and 

Krarner 1997). As summarized in Table 2, studies among North Amencan Natives report a 

macrosomia prevalence (>4000 g) ranging from 14.3% to 36.1% (Munroe et al 1984, 

Thomson 1990, Dyck and Tan 1995, Caulfield et al 1998, Armstrong et a1 1998). 



Table 2: Prevalence and Predictors of Infant Macrosomia among North American Natives 

Native Group Sample Size Inclusion Macrosomia Macrosomia 

Criteria Definition (%) 
Cree and Ojibway N=1487 Nonegivcn 40014500g 14.3 

(Munroe et al 1984) (1974- 1977) 

British Columbia N=4724 Singleton 24000 g 15.9 

Natives ( 1982- 1986) live births 

(Thomson 1990) 

Saskatchewan Natives N=10,709 Live births >4000 g 16.3 

(Dyck & Tan 1995) (1 975- 1988) 

Cree and Ojibwa N=74 1 Singleton >4OOO g 29.2 

(Caul$eId et al 1998) (1 990- 1 993) births 

James Bay Cree N=288 1 Singleton 24000 g 36.1 

(Armstrong et a l  1998) (1985- 1995) live births 

High rates of macrosomia reported among Native North Americans might be a recent 

phenomenon. However, existing studies do not unifomly reveal a temporal trend in high 

birth weight. Data fiom a national survey of infant feeding practices indicate that only 12.2% 

of Native Canadians weighed >4000 g at birth in 1962 vs. 21.6% in 1983 (Health and 

Welfare Canada 1990). A cornparison of a11 live births fiom 1975- 1988 between northem 

Saskatchewan (66% aboriginal people) and southem Saskatchewan (1 5% aboriginal people) 

revealed that the yearly percentage of macrosomia increased fkom 12.6% to 19.2% (53% 

relative increase) in the North and 10.2 to 12.8% (25% relative increase) in the South over 

the study period (Dyck and Tan 1995). In contrast, no temporal tend in average birth weight 

was noted fiom 1968-69 to 1974-77 arnong Natives of the Sioux Lookout Zone ( M m e  et 

al 1984), nor fiom 1985 to 1995 arnong the James Bay Cree (Axmstrong et ai 1998). 

Risk factors for infant macrosornia have not been extensively investigated in Native 



populations. With the exception of one study among the Cree and Ojibwa of northwestern 

Ontario (Caulfield et al 1998), none of the other sîudies on Native peoples determined 

independent predictors of macrosomia in well-controlled analyses. in the latter shidy among 

the Cree and Ojibway (Caulfield et al l998), which reportecl one of the highest prevalence 

of infant macrosornia (29.2%), matemal factors which independently increased the i s k  for 

macrosomia were pregravid BMI, height, gestational weight gain, g l y c h c  status before and 

during pregnancy and pyelonephritis. The risk for macrosomia attributable to matemal 

diabetes was IO%, whereas 25% of the risk was attributable to pregravid overweight alone 

@Mi >29 kg/m2). 

In conclusion, the available information on risk factors for GDM and infant 

macrosomia among Native populations (who have a high prevalence of both outcornes) is 

scarce. A majority of published stuâies dealing with Native groups lack adequate control for 

con founding and none include a comparative group of non-Native women. These drawbacks 

need to be addressed in future studies to advance o w  understanding of ethnic differences in 

risk for GDM and infant macrosornia. 



2.4 Overall Conciusion 

The preceding review summarized and critiqued contemporary findings in the 

literature related to prevalence and detemiinants of GDM and macrosomia in the general 

North American population and among North Amencan Aboriginal populations. Few studies 

in both populations have examined independent or interactive effects of predictors of GDM 

and macrosomia. Also, no studies have examined the risk for GDM irnparted by S U C ~  

modifiable factors as diet, physical activity and weight gain before GDM diagnosis. High 

rates of GDM and macrosomia have been reported among North American Aboriginal 

populations but none have used a comparative group of non-Aboriginal contmls in 

estimating ethnic differences in risk for these outcomes. There is a clear need to investigate 

these issues and the studies described in the next three chapten were designed to address 

these questions with good study designs and rigorous methodology. 



Abel EL. Smoking during pregnancy: a review of growth and development of offkpring. 

Hum Biol1980; 52: 593-625 

Abrams B. Weight gain and energy intake during pregnancy. Ciin Obstet Gynecol 1994; 

37: 515-527 

Abrams B, Laros RK Ir. Prepregnancy weight, weight gain and birth weight. Am J Obstet 

Gynecol1986; 154: 503-509 

ACOG Technical Bulletin. Diabetes and Pregnancy. December 1994a; Number 2 0 .  

ACOG issues recommendations on exercise during pregnancy and postpamim perid. Am 

Fam Phys 1994b; 49: 1258- 1259 

Adams KM, Hongzhe L, Nelson RL, Ogbum PL, Danilenko-Dixon DR. Sequelae of 

unrecognized gestational diabetes. Am J Obstet Gynecoi 1998; 178: 132 1-32 

Algert S, Shragg P, Hollingsworth DR. Moderate gestational restriction in obese women 

with gestational diabetes. Obstet Gynecoi 1985; 65: 487-49 1 

Amencan Diabetes Association. Gestational Diabetes MeIlitus. Ann Int Med 1986; 105: 

461. 

Amencan Diabetes Association Position Statement. Nutrition recomrnendations and 

principles for people with diabetes mellitus. Diabetes Cure 1996; lI(Supp1. 1): S 16-S 19 

Arnerican Diabetes Association. Report of the Expert Cornmittee on the diagnosis and 

classification of diabetes mellitus. Diabetes Cure 1997; 20: 1 183-1 197. 



Amencan Diabetes Association. Clinical Prac tice Recommendations. Diabetes Care 

1 998; 2 1 (Suppi. 1 ): S32 

Anastasiou E, Alevizaki M, Grigorakis SJ, Philippou G, Kypnanou M, Souvatzoglou A. 

Decreased stature in gestational diabetes mellitus. Dia betologia 1 998; 4 1 : 997- 1 00 1 

Andersen HF, Johnson TR Jr., Barclay ML, Flora ID Jr. Gestational age assessment. 1. 

Analysis of individual clinical observations. Am J Obstet Gynecol 1 98 1 ; 1 39: 1 73-7 

Atmstrong IE, Robinson EJ and Gray-Donald K. Revalence of low and high binh weight 

among the James Bay Cree of Northem Quebec. Con J Public Health 1 998; 89: 4 19-420 

Benjamin E, Mayfield J, Winters D, Gohdes D. Diabetes in Prepancy in Zuni Indian 

women. Prevalence and subsequent development of diabetes after gestational diabetes. 

Diabetes Care 1993; 16: 123 1-1235. 

Bennett PH, Knowler WC, Baird HR, et al. Diet and development of non-insulin- 

dependent diabetes mellitus: an epidemioIogical perspective. In: Pozza G, ed. Diet, 

Diabetes and Atherosclerosis. New York, NY ., Raven Press. I 984; 109- 1 19 

Bennett PH, Knowler WC. Early detection and intervention in diabetes mellitus: is it 

effective?. J Chrort Dis 1984; 3 7: 653-666 

Berkowitz GS, Lapinski RH, Wein R, Lee D. RacdEthnicity and other risk factors for 

gestational diabetes. Am J Epidemiol 1992; 135: 965-73. 

Berkus MD, Langer O, Piper JM, Luther MF. Efficiency of lower threshold criteria for 

the diagnosis of gestational diabetes. Obstet Gynecol 1995; 86: 892-6 



Bianco AT, Snilen SW, Davis Y, Lopez S, Lapinski R, Lofkwood CJ. Regnancy 

outcome and weight gain recornmendations for the morbidly obese woman. Obster 

Gynecol 1 998; 9 1 : 97- 102 

Borberg C, Gillmer MDG, Bninner EJ, Gunn PJ, Oakley NW, Beard RW. Obesity in 

pregnancy: The effect of dietary advice. Diabetes Care 1980; 3: 476-48 1 

Boyd ME, Usher RH, McLean FH. Fetal macrosomia: predictors, nsks and proposed 

management. Obstet Gynecol1983; 61: 715-22 

Branchtein L, Schmidt MI, Mengue SS, Reichelt AI, Cristina M, Duncan BB. Waist 

Circumference and Waist-to-Hip ratio are related to gestational glucose tolerance. 

Diabetes Care 1997; 20: 509-5 1 1. 

Britton JR, Britton HL, Jennet R, Gaines J, Daily WJR. Weight, length, head and chest 

circurnference at birth in Phoenic, Arizona. JReprod Med 1993; 38: 21 5-22 

Brown JE, Kaye SA, Folsum AR. Parity-related weight change in women. Inf J Obes 

1 992; 16: 627-3 1 

Brown JE, Potter JD, Jacobs DR Jr, Kopher RA, Rorke MJ, Barosso GM, Hannan PJ, 

Schmid LA. Materna1 waist-to-hip ratio as a predictor of newbom size: results of the 

Diana Project. Epideniology 1996; 7: 62-66 

Beukens P, Masuy-Stroobant G, Delvaux T. High birthweîghts among infants of North 

Afiican Immigrants in Belgium. Am J Pub HeaZth 1995a; 88: 808-8 10 

Buekens P, Wilcox AJ, Kiely J, Masuy-Stroobant G. Birth weight, preterm births, and 

neonatal mortali ty in Belgiurn and the United States. Puediatr Perinat Epidemiol 1 995 b; 

9: 273-280 



Bunn HF. Nonenymatic glycosylation of protein: Relevance of diabetes. Am J Med 

1981; 70: 325-330 

Cahill GF Jr., Wen OE. Starvation and survival. Trans Amer Clin C h a t  Assoc 1967; 79: 

13-20 

Canadian Diabetes Association. Guidelines for the nutritional management of diabetes in 

pregnancy. Beta Release 1 99 1 ; 15: 75-82 

Canadian Diabetes Association. 1998 Clinical practice guidelines for the management of 

diabetes in Canada. Can Med Assoc J 1 998a; 1 59 (Suppl. 8): $1 9 

Canadian Diabetes Association. The role of diermy sugars in diabetes meilifus. A 

position statement by the Canadian Diabetes Association, 1998b; 

http://www.diabetes.ca/pm Wcdndial .hm 

Canadian Diabetes Association. Position Statement: Recomrnendations for the use of 

selfmonitoring of blood glucose in diabetes mellitus. 1998c; 

http://www.diabetes.ca/proE/pospapes.htm 

Canadian Task Force on the Periodic Health Examination. Penodic Health Examination 

1992 update: 1-Screening for gestational diabetes mellitus. Can Med Assoc J 1992; 147: 

43 5-43. 

Cararnichael S, Abrams B, Selvin S. The pattern of matemal weight gain in women with 

good pregnancy outcomes. Am J Pub Health 1997; 87: 1984-1988 

Carpenter MW, Coustan DR. Cntena for screening tests for gestational diabetes. Am J 

Obstet Gynecol 1982; 144: 768 



Casey BM, Lucas MI. Mcintire DD, Leveno KJ. Pregnancy outcomes in womm with 

Gestational Diabetes compared with the general obstetric population. Obstet Gynecol 

1997; 90: 869-73 

Caulfield LE, Harris SB, Whalen EA, Sugarnori ME. Matemal nutritional status, diabetes 

and risk of rnacrosomia among native Canadian women. Early Human Deu 1998; 50: 

293-303 

Chase HC. Infant mortality and weight at birth: 1960 United States birth cohort Am J 

Pub Health 1969; 59: 161 8-1628 

Cogswell ME, Yip R. The influence of fetal and maternai factors on the distribution 

of birth weight. Seminars in Perinotology 1995; 19: 222-240 

Cogswell ME, Sedula MK, Hungerford DW, Yip R. Gestational weight gain among 

average-weight and overweight women-What is excessive? Am J Obstet Gynecol 1995; 

172: 705-12 

Colditz GA, Manson JE, Starnpfer MJ, et al. Diet and clinical diabetes in women. Am J 

Clin Nutr 1992; 55: 1018-1023 

Cooper RL, DuBard MB, Goldenberg RL, Oweis Ai. The relationship of matemal 

attitude toward weight gain to weight gain during pregnancy and low birth weight. Obstet 

Gynecol1995; 85: 590-5 

Cousins L, Datte1 BJ, Hollingsworth DR, Zettner AZ. Glycosylated hemoglobin as a 

screening test for carbohydrate intolerance in pregnancy. Am J Obstet Gynecol 1984; 

150: 455-460 

Coustan D, Lewis S. Insulin therapy for gestational diabetes. Obstet Gynecol 1978; 51: 

306- 1 O 



Coustan DR, Imarah J. Prophylactic insulin treatment of gestational diabetes reduces the 

incidence of macrosornia, operative delivery and birth trauma. Am J Obstet Gynecol 

1984; 150: 836-42 

Coustan DR, Widness JA, Carpenter MW, Rotondo L, Pratî DC, Oh W. Should the fi@- 

gram, one hour plasma glcuose screening test for gestational diabetes be administered in 

the fasting or fed state? Am J Obstet Gynecol 1986; 154: 103 1-5 

Coustan DR, Nelson C, Carpenter MW, Cart SR, Rotondo L, Widness JA. Materna1 age 

and screening for gestational diabetes: a population-based study. Obstet Gynecol 1989; 

73: 557-60 

Coustan DR. Screening and diagnosis of gestational diabetes. Seminars in Pennatology 

1994; 18: 407-413 

Darnm P, Kuhl K, Bertelsen A, Molsted-Pedersen L. Predictive factors for the 

development of diabetes in women with previous gestational diabetes mellitus. Am J 

Obstet Gynecol 1992; 167: 607-16 

Daniel M, Garnble D. Diabetes and Canada's aboriginal peoples: the need for pnmary 

prevention. Int J N w  Stud 1995; 32: 243-59 

Davies DP. Growth of small-for-date babies. BMJ 198 1; 1 : 1435-1437 

de Vecianna M, Major CA, Morgan MA, Asrat T, Toohey JS, Lien JM, Evans AT. 

Postprandial versus preprandial blood glucose monitoring in women with gestational 

diabetes mellitus requinng insulin therapy. N Engl J Med 1995; 333: 1237- 1241 

Devlin JT, Hirshrnan M, Horton ED, Horton ES. Enhanced penpheral and splanchnic 

insulin sensitivity in NIDDM men after single bout of exercise. Diabetes 1987; 36: 434- 

439 



Di Cianni G, Benzi L, Bottone P, Volpe L, Orsini P, Mumi S, Casadidio 1, Clernente F, 

Navalesi R. Neonatal outcome and obstetric complications in women with gestational 

diabetes: effects of maternai body mass index. Int J Obes 1996; 20: 445-9 

Dooley SL, Metzger BE, Cho NH. Gestational Diabetes Mellitus. influence of race on 

disease prevalence and pennatal outcome in a U.S. population. Diabetes 1991; 40: 25-29. 

Dornhorst A, Bignall PC, Anyaoku V, Elkeles RS, Johnston DG, Beard RW. 

Abnormalities of glucose tolerance following gestational diabetes. Q J Med 1990; 284: 

1219-28 

Donihorst A, Nicholls JSD, Probst F, Paterson CM, Hollier KL, Elkeles RS, Beard RW. 

Calorie restriction for treatment of gestational diabetes. Diabetes 199 1 ; 4qSuppl. 2): 

161-4 

Dornhorst A, Paterson CM, Nicholls JSD, Wadsworth J, Chiu DC, Elkeles M, Johnston 

DG, Beard RW. High prevalence of gestational diabetes in women from ethnic minonty 

groups. Diabetic Med 1992; 9: 820-825. 

Durak EP, Jovanovic-Peterson L, Peterson CM. Comparative evaluation of uterine 

response to exercise on five aerobic machines. Am J Obstet Gynecol 1990; 162; 754-756 

Dyck RF, Tan L. Differences in high birth weight rates between Northem and Southem 

Saskatchewan: Implications for aboriginal peoples. Chronic Diseuses in Canada 1995; 

16: 107-1 10 

Dyck RF, Tan L, Hoeppner VH. Body mass index, gestational diabetes and diabetes 

mellitus in three northem Saskatchewan Aboriginal comrnuni ties. Chronic Disemes in 

Canada 1995; 16: 24-26 



Dye TD, Knox KL, Artal R, Aubry RH, Wojtowycz MA. Physical activity, obesity and 

diabetes in pregnancy. Am J Epidemiol 1997; 146: 96 1-5 

Elliot JP, Garite TJ, Freeman RJ, McQuown DS, Patel M. Ultrasonic prediction of fetal 

macrosomia in diabetic patients. Obstet Gynecol 1982; 60: 159-62 

Esse1 K, Opai-Tetteh ET. Macrosomia-matemal and fetal risk factors. S A p  Med J 1995; 

85: 43-46 

Fagen C, King JD, Erick M. Nutrition management in women with gestational diabetes 

mellitus: A review by ADA's Diabetes Care and Education dietetic practice group. 

Diabetes Care 1995; 95: 460-467 

Feig DS, Naylor CD. Eating for two: are guidelines for weight gain during pregnancy too 

liberal? Lancet 1998; 351: 1054-55 

Fox SH, Koepsell TD, Daling IR. Birth weight and smoking during pregnancy-efkt 

modification by matemal age. Am J Epidemiol 1994; 139: 1008-1 5 

Frank P, McNarnee R, Hannaford PC, Kay CR. Effect of changes in matemal smoking 

habits in early pregnancy on infant birth weight. Br J Gen Pract 1994; 44: 57-9 

Freinkel N. Materna1 changes i~z pregnancy. In: Williams Textbook of Endoc~ology. 

J.D. Wilson and D.W. Foster (eds), Philadelphia, W.B.Saunders, 1985; 438-451 

Garn SM, Hoff K, McCabe KD. 1s there nutritional mediation of the "smoking effeçt" on 

the fetus? Am J Clin Nutr 1979; 32: 1 181 

Garner P, Okun N, Keely E, Wells G, Perkhs S, Sylvain J, Belcher J. A rdomized 

controlled trial of strict glycemic control and tertiary level obstetric care in the 



management of gestational diabetes: A pilot study. Am J Ubsret Gynecol 1997; 177: 1 90- 

5 

Garner PR. Glucose metabolism assessrnent in pregnancy (Review). Clin Biochern 1995; 

28: 499-502 

Gaudier FL, Hauth JC, Poist M, Corbett DL, Cliver S. Recurrence of gestational diabetes. 

Obslet Gynecd t 992; 80: 755-758 

Goldberg JD, Franklin 8, Lasser D, Jomsay DL, Hausknecht RU, Ginsberg-Fellner F, 

Berkowiz RL. Gestational diabetes: impact of home glucose monitoring on neonatal birth 

weight. Am J Obstet Gynecol 1986; 154: 546-550 

Gonen R, Spiegel D, Abend M. 1s macrosornia predictable, and are shoulder dystocia and 

birth trauma preventable? Obstet Gynecol 1996; 88: 526-9 

Green JR, Pawson IG, Schumacher LB, Peny I, Kretchmer N. Glucose tolerance in 

pregnancy: Ethnic variation and influence of body habitus. Am J Obstet Gynecol 1990; 

163: 86-92 

Gregory KD, Henry OA, Ramicone E, Chan LS, Platt LD. Matemal and infant 

complications in high and normal weight infants by method of delivery. Obstet Gynecol 

1998; 92: 507-13 

Gunderson EP. Intensive nutrition therapy for gestational diabetes. Rationale and current 

issues. Diabetes Cure 1997; 20: 22 1-226 

Hales CN, Barker DJP. Type 2 (non-insulin dependent) diabetes mellitus: the thrifty 

p henotype hypothesis. Diabetologia 1 992; 3 5 : 5 95 -60 1 



Harris M. Gestational Diabetes may represent discovery of preexisting glucose 

intolerance. Diabetes Care 1988; 1 1 : 402-1 1 

Harris SB, Caulfield LE, Sugarnori ME, Whalen EA, Henning B. The epidemiology of 

diabetes in pregnant native Canadians. Diabetes Cnre 1997; 20: 1422-1 425. 

Harrison GG, Bransan SB, Vaucher YE. Association of materna1 smoking with body 

composition of the newborn. Am JClin Nutr 1983; 38: 757-62 

Haste FM, Brooke OG, Anderson HR, Bland JM. The effect of nutritional intake on 

outcome of pregnancy in smokers and non-smokers. Br J Nutr 199 1 ; 65: 347-54 

Haworth JC, Ellestad-Sayed JJ, King J, Dilling LA. Relation of matemal cigarette 

smoking, obesity, and energy consurnption to infant size. Am J Obstet Gynecol 1980; 

138: 1185-1189 

Health and Welfare Canada. National Database on breastfeeding among Indian and Inuit 

women. Survey of infant feeding practices from birfh to six months-Canada, 1988. 

Ottawa: Medical Services Branch, May 1990. 

Hebel SR, Fox Nt, Sexton M. Dose response of birth weight to various measures of 

matemal smoking during pregnancy. J Clin Epidemiol 1988; 41: 483-9 

Hediger ML, Overpeck MD, Maurer KR, K u c h a r s k i  RI, McGlynn A, Davis WW. 

Growîh of infants and young children bom small or large for gestational age: findings 

fiom the Third National Health and Nutrition Examination Survey. Arch Pediutr Adolesc 

Med 1998; 152: 1225-3 1 

Hellerstedt WL, Himes JH, Story M, Alton IR, Edwards LE. The effects of cigarette 

amoking and gestational weight change in birth outcomes in obese and normal weight 

women. Am J Public Health 1997; 87: 591-6 



Heimich SP, Ragland DR, Leung RW, Paffenbarger RS Jr. Physical activity and 

occurrence of non-insulin-dependent diabetes mellitus. N Engl J Med 1991 ; 325: 147-1 52 

Henriksen TB, Wilcox AJ, Hedegaard M, Secher NJ. Bias in studies of pretenn and 

posttem delivery due to ultrasound assessment of gestational age. Epidemiology 1995; 6: 

533-537 

Hod M, Merlob P, Friedman S, Schoenfeld A, Ovadia J. Gestational diabetes mellitus. A 

survey of perinatal complications in the 1980s. Diabetes 199 1 ; 40 (Suppl.2): 74-78 

Hollingsworth DR, Ney DM. Caloric restriction in pregnant diabetic women: a review of 

matemal obesity, glucose and insulin relationships as investigated at the University of 

California, San Diego. J A m  Coll Nutr 1992; 1 1 :  25 1-258 

Hollingsworth DR. Alterations of matemal metabolism in normal and diabetic 

pregnancies. Differences in insuiin dependent, non-insulin dependent and gestational 

diabetes. Am J Obstet Gynecol 1983; 146: 4 1 7-428 

Hughes PF, Agarwal M, Newman P, Momson J. An evaluation of hctosamine 

estimation in screening for gestational diabetes mellitus. Diabetic Med 2 995; 12: 708-12 

Hytten FE, Thomson AM. Weight gain in pregnancy. In: Hypertension in pregnancy. 

Lindheimer M D ,  Katz Ai, and Zuspan FP, eds., 1976; 179- 1 87 

hstitute of Medicine (United States). Nutrition during pregnancy. Report of the 

Committee on Nutritional Status during Pregnancy and Laciution, Food and Nutrition 

Board. Washington, DC. National Academy Press, 1990; 1-23 3 

Jacobson JD, Cousins L. A population-based study of matemal and perinatal outcome in 

patients with gestational diabetes. Am J ûbstet Gynecol 1989; 16 1 : 981 -6 



Jang HC, Cho NH, Yong-Ki M. Han [K, Jung KB, Metzger BE. Increased macrosomia 

and perinatal morbidity independent of matemal obesity and advanced age in Korean 

women with GDM. Diabetes Cure 1997; 20: 1582-1 588 

. h g  HC, Min HK, Lee HK, Cho NH, Metzger BE. Short stature in Korean women: a 

contribution to the multifactorial predisposition to gestational diabetes. DiabefoIo@a 

1998; 41 : 778-783 

Jenkins DJA, Jenkins AC, Wolever TMS, Vuksan V, Katzan L, et al. Metabolic 

advantages of spreading the the nutrient load: effects of increased meal fkequency in non- 

insulin dependent diabetes. Am J Clin Nurr 1992; 55:  46 1-467 

Jenkins DJA, Wolever TMS, Jenkins AL, Josse RG, Wong GS. The glycemic response to 

carbohydrate foods. Lancet 1 984; 3 88-39 I 

Johnson M C ,  Yancey MK. A critique of the new recommendations for weight gain in 

pregnancy. Am J Obstet Gynecol 1996; 1 74: 254-8 

Johnson .WC, Longmate JA, Fretzen B. Excessive matemal weight and pregnancy 

outcome. Am J Obstet Gynecol 1992; 167: 353-72 

Joseph KS, Kramer MS. Recent trends in infant mortality rates and proportions of low- 

birth-weight live births in Canada. Can Med Assoc J 1997; 157: 535-541 

Jovanovic-Peterson L, Durak EP, Peterson CM. Randomized trial of diet versus diet plus 

cardiovascular conditioning on glucose levels in gestational diabetes. Am J Obstet 

Gynecol 1989; 161: 415-419 

Jovanovic-Peterson L, Peterson CM. Dietary manipulation as a primary strategy for 

pregnancies complicated by diabetes. J Am Col1 Nufr 1990; 9: 320-325 



Jovanovic-Peterson L, Peterson CM, Reed GF, Metzger BE, Mills JL, Knopp RH, Aarons 

IH. Maternai post prandial glucose levels and infant birth weight: The diabetes and early 

pregnancy study. Am J Obster Gynecol199 1 ; 164: 103- 1 1 1 

Jovanovic-Peterson L, Kitmiiller IL, Peterson C. Randomized trial of human versus 

animal species insulin in diabetic pregnant women: improved glycemic control. not fewer 

antibodies to insulin, influences bitth weight. Am J Obstet Gynecol 1992; 167: 1325-30 

Jovanovic-Peterson L, Peterson CM. Vitamin and Mineral deficiencies which may 

predispose to glucose intolerance of pregnancy. J A m  Coli Ni tr  1996; 15: 14-20 

Kalergis M, Pacaud D, Yale JF. Attempts to control the glycaernic response to 

carbohydrate in diabetes mellitus. Canadian Journal of Diabetes Care 1998; 22: 20-29 

Kaufinan JS, Cooper RS, McGee DL. Socioeconomic status and health in Blacks and 

Whites: The problem of residual confounding and the resiliency of Race. Epidemiology 

1997; 8: 621-628 

Kaumiann RC, Schleyhahn FT, Huffinan DG, Amankwah KS. Gestational diabetes 

diagnostic criteria: Long term matemal follow-up. Am J Obsfet Gynecol 1995; 172: 621 -5 

Kautzky- Willer A, Prager R, Waldhausl W, Pacini G, Thornaseth K, Wagner OF, Cllm M, 

S treli C, Ludvi k B. Pronounced insulin resistance and inadequate beîa-ce11 secretion 

characterize lean gestational diabetes during and afier pregnancy. Diabetes Care 1997; 

20: 1 7 17-23 

Kerbel D, Glazier R, Holzapfel S. Yeng M, Lofsky S. Adverse effects of screening for 

gestational diabetes. A prospective cohort study in Toronto, Canada. Journal ofMedical 

Screening 1997; 4: 128-32 



Kitmiiller K. Macrosomia in infants of diabetic mothen: charactenstics, causes, 

prevention. in: Jovanovic L, Peterson CM, Fuhrmann K (eds). Diabetes and pregnans.: 

teratologv. toxicofogy and treatment. New York: Praeger, 1986; 85- 120 

Kitniiller JL.. Sweet success with diabetes: the development of insulin therapy and 

glycemic control for pregnancy. Diubetes Cure 1993; 16(Suppl.3): 107-1 2 1 

Kjos SL, Peters RK, Xiang A, Henry OA, Montoro M, Buchana TA. Predicthg future 

diabetes in Latino women with gestational diabetes. Utility of early postparturn glucose 

tolerance testing. Diabetes 1995; 44: 586-59 1 

meinman JC, Fingerhut LA, Prager K. Differences in infant mortality by race, nativity 

status, and other matemal characteristics. Am J Dis Child 199 1 ; 145: 194- 199 

Kleinman JC. Matemal weight gain during pregnancy: Determinants and Consequences. 

NCHS Working Paper Series No. 33. National Center for Health Statistics, Public Health 

Service, U.S. Department of Health and Human S e ~ c e s ,  Hyattsville, Md, 1990; 24 

Kolderup LB, Laros RK, Musci TI. Incidence of persistent birih injury in macrosomic 

infants: Association with mode of delivery. Am J Obster Gynecol 1997; 177: 37-41 

Kramer MS. Determinants of low birth weight: methodological assessrnent and meta- 

analysis. Bull World Healrh Org 1987a; 65: 663-737 

Kramer MS. Intrauterine growth and gestational duration determinants. Pediutrics 1987b; 

502-5 1 1 

Krarner MS, McLean FH, Boyd ME, Usher RH. The validity of gestationai age 

estimation by menstrual dating in terni, preterm, and postterm gestation. JAU4 1988; 

260: 3306-8 



Kuhl C, Homnes PJ, Andersen O. Etiology and pathophysiology of gestational diabeta 

mellitus. Diabetes 1985; 34: 66-70 

Kuhl C. hsulin secretion and insulin resistance in pregnancy and GDM. Diabetes 1991; 

4O(S~pp1.2): 1 8-24 

Langer O, Levy J, Btustrnan L, Anyaegbunam AT Merkatz R, Divon M. Glycemic control 

in gestational diabetes mellitus-How tight is tight enough: Small for gestational age 

versus large for gestational age? Am J Obstet Gynecol1989; 161 : 646-53 

Langer O, Rodriguez DA, Xenakis EMJ, McFarland M B  Berkus MD, Arredondo F. 

htensified venus conventional management of gestational diabetes. Am J Obstet 

Gynecol1994; 170: 103647 

Langhoff-Roos J, Lindmark G, Gebre-Medhin M. Materna1 fat stores and fat accretion 

during pregnancy in relation to infant birth weight. Br J Obstet Gynecol 1987; 94: 1 170- 

1177 

Laplante P. Ges futional diabetes: a quantitative and qualitative study of ifs emof ionol 

impact. London, Ontario: University of Western Ontario (Thesis), 1992. 

Larsen CE, Serdula MK, Sullivan KM. Macrosornia: influence of maternai ovenveight 

arnong a low-incorne population. Am J Obstet Gynecol 1990; 162: 490-4 

Lavin JP Jr. Screening for high-risk and general populations for GDM. Clinical 

application and cost analysis. Diabetes 1985; 34(Supp1.2): 24-27 

Lawrence M, McKillop FM, Durnin N. Women who gain more fat during pregnancy 

may not have bigger babies: implications for recommended weight gain during 

pregnancy. Br J Obstet Gynaecol199 1 ; 98: 254-9 



Lazer S, Biale Y, Mazor M, Lewenthal H, Insler V. Complications associateci with the 

macrosomic fetus. J Reprod Med 1986; 3 1 : 501-505 

Leikin EL, Jenkins JH, Pomerantz GA, Klein L. Abnormal glucose s c r e d g  tests in 

pregnancy: a risk dactor for fetal macrosomia. Obstet Gynecol 1987; 69: 570-573 

Lemen PM, Wigton TR, Miller-McCarthey AJ, Cruikshank DP. Screening for gestational 

diabetes mellitus in adolescent pregnancies. Am J Obstet Gynecol 1998; 178: 125 1-6 

Li DFH, Wong VCW, O'Hoy KMK, Yeung CY. 1s treatment needed for mild impairment 

of glucose tolerance in pregnancy? A randomized controlled trial. Br J Obstet Gynecol 

1987; 94: 85 1-854 

Lind T, Anderson J. Does randorn blood glucose sarnphg outdate testing for glycosuria 

in the detection of diabetes during pregnancy? Br Med J 1984; 289: 1569- 1575 

Lindsay ML, Graves W, Klein L. The relationship of one abnormal glucose tolerance test 

value and pregnancy complications. Obstet Gynecol 1989; 73 : 103- 1 O6 

Livingston RC, Bachman-Carter K, Frank C, Manson WB. Diabetes M e l l i ~  in Tohono 

O'odham pregnancies. Diabetes Cure 1993; 16: 3 19-32 1. 

Loke DFM, Chua S, Kek LP, Thai AC, Ratnarn SS. Glycosylated hemoglobins in 

pregnant women with normal and abnormal glucose tolerance. Gynecol Obsfet bvest 

1994; 37: 25-29 

Lucarini N, Gerlini G, Palmarino R, Lucarelli P, Borgiani P, Gloria-Bottini F, Bottini E. 

1s there a genetic basis for gestational diabetes ? Hum Bi01 1994; 66: 715-23 

Macafee CAJ, Beischer NA. The relative value of the standard indications for performing 

an oral glucose tolerance test in pregnancy. Med J A w  1974; 1 : 9 1 1-1 4 



Magee M, Knopp R, Benedetti T. Metabolic effects of 1200-kcal diet in obese pregnant 

wornen with gestational diabetes. Diabetes 1990; 39: 234-240 

Magee S, Walden CE, Benedetti TJ, Knopp RH. Influence of diagnostic criteria on the 

incidence of gestational diabetes and perinatal morbidity. J M  1993; 269:609-6 1 5.  

Mainous AG, Hueston WJ. The effect of smoking cessation during pregnancy on pretenn 

delivery and birth weight. J Fam Pract 1994; 38: 262-6 

Major CAM, Henry J, De Veciana M, Morgan MA. The effects of carbohydrate 

restriction in patients with diet-controlled gestational diabetes. Obsret Gynecol 1998; 9 1 : 

600-604 

Manson JE, Rimm EB, Spampfer MJ, et al. Physical activity and incidence of non- 

insulin-dependent diabetes mellitus in women. Lancer 1991 ; 338: 774-778 

Maresh M, Beard RW, Bray CS, Elkeles RS, Wadsworth J. Factors predisposing to and 

outcome of gestational diabetes. Obstet Gynecol 1989; 74: 342-346 

Marquette GP, Klein VR, Niebyl IR. Effkacy of screening for gestational diabetes. Am J 

Perinatol 1985; 2: 7-9 

Martin AO, Simpson LC, Ober C, Freinkel N. Frequency of diabetes mellitus in mothers 

of probands with gestational diabetes. Am J Obsret Gynecol 1985; 15 1 : 47 1-75 

Massion C ,  O'Connor PJ, Gorab R, Crabtree BF, Nakamura RM, Coulehan JI,. Screening 

for gestational diabetes in a high-risk population. J Fam Pract 1987; 25: 569-576 

McCance DR, Pettitt DJ, Hanson RL, Jacobsson LTH, Knowler WC, Bennett PH. Birth 

weight and non-insulin dependent diabetes: thnfty gentype, thrifty phenotype, or 

surviving small baby genotype? BMJ 1994; 308: 942-5 



McFarland KF, Case CA. The relationship of maternai age on gestational diabetes. 

Diabetes Care 1985; 8:  598-600 

McGuire V, Rauh MJ, Mueller BA, Hickock D. The risk of diabetes ins subsequent 

pregnancy associated with pnor history of gestational diabetes or macrosomic uifant. 

Paediatr Perinat Epidemiol 1 996; 1 O: 64-72 

Mello G, Parretti E, Mecacci F, Carbone C, Luchetti R, Lagazio C, Pratesi M, Scar~eili 

G. Anthropometric features in infants of mothers with gestational diabetes: relationship 

with treatment rnodaiities. Biol Neonare 1997; 72: 22-27 

Menon U, Ranjan M, Jasper P, Oomen A. Evaluation of plasma fnictosamine as a 

screening test for gestational diabetes. Aust NZ J Obstet Gynaecol 199 1 ; 3 I : 25-6 

Meredith HV. Body weight at büth of viable human infants: a worldwide comparative 

treatise. Hum Biol 1970; 42: 2 1 7-64 

Meshari AA, De Silva S, Rahman 1. Fetal macrosomia-materna1 risks and fetal outcome. 

Int JGynecol Obstet 1990; 32: 215-22 

Mestman IH. Outcomes of diabetes screening in pregnancy and pennatal morbidity in 

infants of mothers with mild impairment in glucose tolerance. Diabetes Care 1980; 3: 

447-52 

Miller JM, Brown HL, Pastorek JG, Gaben HA. Fetal overgrowth: Diabetic vs. Non- 

diabetic. J Ultrasound Med 1988; 7: 577-9 

Mitchell MC, Lemer E. A cornparison of pregnancy outcome in ovenveight and normal 

weight wornen. J Am Coli Nutr l989;B: 6 1 7-24 



Modanlou HD, Dorchester WL, Thorosian A, et al. Macrosomia-maternal, fetai and 

neonatal complications. Obstet G-vnecol 1980; 5 5 : 420-424 

Mongoven M, Dolan-Mullen P, Groff JY, Nicol L. Burau K. Weight gain associated with 

prenatal smoking cessation in white, non-Hispanic wornen. Am J Obstet Gynecol 1996; 

174: 72-7 

Munroe M, Shah C, Badgley EZ, Bain HW. Birth weight, length, head circumference and 

bilirubin level in Indian newboms in the Sioux Lookout Zone, northwestern Ontario. Cm 

Med Assoc J 1984; 131: 453-456 

Murphy NJ, Bulkow LR, Schraer CD, Lanier AP. Prevalence of diabetes mellitus in 

pregnancy among Yup'ik Eskimos, 1987- 1988. Diaberes Care 1993; 16: 3 15-3 17 

Muscati SK, Gray-Donald K, Koski KG. Timing of weight gain during pregnancy: 

promoting fetal growth and minimizing matemal weight retention. Int J Obes 1996; 20: 

5 26-5 3 2 

Naeye RL. Matemal body weight and pregnancy outcome. Am J C h  Nuîr 1990; 52: 237- 

9 

National Center for Health Statistics. Vital healrh staristics of the United States, 1984, 

Volume 1, Hyattsville, Maryland: National Center for Health Statistics, 1988; 68: DHHS 

publication no. (PHs) 88-1 100 

National Diabetes Data Group. Classification and Diagnosis of Diabetes Mellitus and 

0 th  Categories of Glucose Intolerance. Diabetes 1979; 28: 1039- 1057. 

Nay lor CD. Diagnosing gestational diabetes melli tus. 1s the gold standrad valid? Diabetes 

Care 1989; 12: 565-72 



Naylor CD, Semer M, Chen E, Sykora K. Cesarean delivery in relation to birth weight 

and gestational glucose tolerance. Pathoph ysiology or practice style? JAMA 19%; 275 : 

1165-1 170 

Neel N. Diabetes Mellitus: a "thriAy" genotype rendered detrimental by progress? Am J 

Hum Genet 1962; 14: 353-62 

Okun N, Venna A, Demianczuk. Gestational diabetes mellitus. Unresolved issues and 

future directions. Can Fam Physician 1997a; 43: 88-93 

Okun N, Verma A, Mitchell BF, Flowerdew G. Relative importance of matemal 

constitutional factors and glucose intolerance of pregnancy in the development of 

newbom macrosomia. The Journal of Maternal-Fetul Medicine 199%; 6: 285-290 

Olsen I. Cigarette smoking in pregnancy and fetal growth: Does the type of tobacco play 

a role? Int J Epidemiol1992; 2 1 : 279-84 

O'Shaughnessy R, Russ J, Zuspan FP. Glycosylated hemoglobins and diabetes meIlinisin 

pregnancy. Am J Obstet Gynecol1979; 135: 783-790 

O'Shaughnessy R. Role of glycohemoglobins (Hemoglobin Al) in the evaluation and 

management of the diabetic pregnancy. Cliti Obstet Gynecol 198 1 ; 24: 65-7 1 

OISuIlivan JB, Mahan CM. Criteria for the oral glucose tolerance test in pregnancy. 

Diabetes 1964; 13: 278-285 

O'Sullivan JB, Gellis SS, Dandrow RV, Tenney BO. The potential diabetic and her 

treatment in pregnancy. Obstet Gynecol 1966; 27: 683-689 

O'Sullivan JB, Charles D, Hahan CM, Dandrow RV. Gestational diabetes and perinatal 

mortality rate. Am J Obstet Gynecol 1973 a; 1 1 6: 90 1 -4 



O'sullivan JB, Mahan CM, Charles D, Dandrow RV. Screening criteria for hi@-nsk 

gestational diabetic patients. Am J Obstet Gynecol 1973b; 1 16: 895-900 

Ozanne SE, Hales CN. Thn fty yes. genetic no. Diabetologia 1998; 4 1 : 485-487 

Pan XR, GW Li, H u  YH, Wang JX, Yang WY, An ZX, Hu ZX, et al. Effects of diet and 

exercise in preventing NIDDM in people with impaired glucose tolerance. The Da Qing 

IGT and Diabetes study. Diabetes Care 1997; 20: 537-44 

Parfitt VJ, Clark JDA, Turner GM, Hartog M. Maternai postprandial blood gluvosc levels 

influence infant birth weight in diabetic pregnancy. Diabetes Research 1992; 19: 133- 135 

Parker J, Abrams B. Prenatal weight gain advice: An examination of the recent prenatal 

weight gain recornrnendations of the Institute of Medicine. Obstet Gynecol 1992; 79: 

664-9 

Pedersen J, Osler M. HypergIycemia as the cause of characteristic features of the foetus 

and the newbom of diabetic mothers. Dari Med Bull 196 1 ; 8: 78-83 

Perlow JH, Morgan MA, Montgomery D, Towers CV, Porto M. Perinatal outcome in 

pregnancy complicated by massive obesity. Ant J Obsfer Gynecol 1992; 167: 958-62 

Perry GS, Yip R, Zyrkowski C. Nutntional risk factors among low-income pregnant US 

women: The Centers for Disease Control and Prevention (CDC) Pregnancy Nutritional 

Surveillance System, 1979 through 1993. Serninars in Perinatology 1 99Sa; 19: 2 1 1-22 1 

Peny GS, Byers TE, Mokdada AH, Serdula MK, Williamson DF. The validity of self- 

reports of past body weights by US adults. Epzdemiologv 1995b; 6: 61 -66 



Persson B, Stangenberg M, Hansson U and Nordlander E. Gestational diabetes mellitus 

(GDM). Cornparrative evaluation of two treatment regimens, diet versus insulin and diet. 

Diabetes 1985; 34(Supp1.2): 101 - 105 

Persson B, Edwall L, Hanson U, Nord E, Westgren M. Insulin sensitivity and insulin 

response in women with gestational diabetes mellitus. H o m  Metab Res 1997; 29: 393-7 

Peters RK, Kjos SL, Xiang A, Buchanan TA. Long-term diabetogenic effect of a single 

pregnancy in women with previous gestational diabetes mellitus. Lancer 19%; 347: 227- 

30 

Pettitt DJ, Nelson RG, Saad MF, Bennett PH, Knowler WC. Diabetes and obesity in the 

offspring of Pima Indian women with diabetes during pregnancy. Diobetes Care 1993; 

16: 310-314 

Pettitt DJ, Bennett PH, Hanson RL, Venkat Narayan KM, Knowler WC. Cornparison of 

the World Health Organisation and National Diabetes Data Group procedures to detect 

abnoxmalities of glucose tolerance during pregnancy. Diabetes Care 1994; 17: 1264- 

1268. 

Philipson EH, Super DM. Gestational diabetes mellitus. Does it recur in subsequent 

pregnancy ? Am J Obstet Gynecol 1989; 160: 1324-3 1 

Phillipou G. Effect of subject height on the result for the fie-gram oral glucose tolerance 

test. (Letter). Am J Obstet Gynecol 1991 ; 164: 698 

Phillipou G.  RacdEthnicity and other risk factors for gestational diabetes. (Letter). Am J 

Epidemioi 1993; 137: 587 

Prysak M, Lorenz RP, Kisly A. Pregnancy outcome in nulliparous women 35 years and 

older. Obster Gynecoi 1995; 85 : 65-70 



Reaven GM. Hypothesis: muscle insulin resistance is the ("not-so") thrifty genotype. 

Diabetobgia 1998; 4 1 : 482-484 

Reece EA, Homko CJ, Hagay 2. When the pregnancy is complicated by diabetes. 

Contemp Obstet GynecoI1995; July: 43-61 

Rey E, Monier D, Lemonnier MC. Carbohydrate intolerance in pregnancy: incidence and 

neonatal outcornes. Clin Invest Med 1996; 19: 406- 15 

Rith-Najarian SJ, Ness FK, Faulhaber T, Gohdes DM. Screening and diagnosis for 

gestational diabetes mellitus among Chippewa women in Northern Minnesota. Minnesota 

Medicine 1996; 79: 2 1-25. 

R i u o  T, Metzger BE, Burns WJ, Burns K. Correlations between antepartum matemal 

metabolism and intelligence of offspring. N Engl J Med 199 1 ; 325: 91 1-9 16 

Roberts SB, Savage J, Coward WA, Chew B, Lucas A. Energy expenditure and intake in 

infants bom to lean and ovenveight mothers. N Engl J Med 1988; 3 18: 46 1466 

Roberts AB, Baker JR, Metcalfe P, Chnstina M. Fructosamine cornpared with a glucose 

load as a screening test for gestational diabetes. Obstet Gynecol 1990; 76: 773-775 

Rosas T, Constantin0 N. Exercise as a treatment modality to maintain normoglycemia in 

gestational diabetes. J Perinat Neonalal Mtrs 1992; 6: 14-24 

Sacks DA, Greenspoon JS, Abu-Fadil S, Henry HM, Wolde-Tsadik G, Yao JFF. Toward 

universal criteria for gestational diabetes. The 75-gram glucose tolerance test in 

pregnancy. Am J Obstet Gynecol1995; 1 72: 607- 14 

Salmeron J, Ascherio A, Rimm EB, et al. Diet and risk of non-insulin-dependent diabetes 

mellitus in men. In: Amencan Diabetes Association, ed. Obesity. Diabetes and Inrulin 



resistance: Proceedings of the 29" Research Symposium and The International Congress 

on Obesity and Satellite Conference, Boston, Mass., 1994; 25-27 

Salmeron J, Manson E, Stampfer MI, Colditz GA, Wing AL, Willet WC. Dietary fiber, 

glycemic load, and nsk of non-insulin-dependent diabetes mellitus. JAMA 1997; 277: 

Santini DL, Ales KL. The impact of universal screening for gestational glucose 

intolerance on outcome of pregnancy. Surgev, Gynecology and  Obstetrics 1990; 1 70: 

427-436 

Saugstad LF. Weight of al1 births and infant mortality. J Epidemiol Community Health 

1981; 35: 185-191 

Schaefer O, Crockford PM, Romanowski B. Normalization effect of preceding protein 

meals on "diabetic" oral glucose tolerance test in Eskimos. Can Med Assoc J 1972; 107: 

733-738 

Schneider SH, Amorosa LF, Khachadurian ,4K, Ruderman NB. Studies on the 

mechanism of improved glucose control during regular exercise in Type 2 diabetes. 

Diabetologia 1984; 26: 355-360 

Scholl TO, Hediger ML, Ances IG, Belsky DH, Salmon RW. Weight gain in 

adolescence: predictive ability of early weight gain. Obstet Gynecol 1990; 75: 948-953 

Schulz LO, Weidensee RC. Non-insulin-dependent diabetes in Mexico. Prog Food Nutr 

Sci 1993; 17: 99-1 17 

Scott A, Moar V, Ounsted M. The relative contribution of different matemal factors in 

large for gestational age pregnancies. Eur J Obsfei Gynecol reprod biol 1982; 13: 269- 



Secker-Walker RH, Vacek PM, Flynn BS, Mead PB. Smoking in pregnancy, exhaled 

carbon monoxide, and birth weight. Obstet Gynecol 1997; 89: 648-53 

Selvin S, Abram B. Analyzing the relationship between materna1 weight gain and birth 

weight: exploration of four statistical issues. Paediatr Perinatal Epidemiol 1996; 10: 220- 

234 

Semer M, Naylor CD, Gare DJ, Kenshole AB, Ritchie JWK, Farine D, et al. impact of 

time since last meal on the gestational glucose challenge test. Am J Obstet Gynecol 1994; 

171: 607-16 

Semer M, Naylor S, Gare DJ, Kenshole AB, Ritchie JWK, et al. Impact of increasing 

carbohydrate intolerance on maternal-fetal outcornes in 3637 women without gestational 

diabetes. Am J Obstet Gynecol 1995; 173: 146-56. 

Shukla H, Atakent YS, Ferrara A, Topsis .J, Antoine C. Postnatal overestimation of 

gestational age in pretem infants. Am J Dis Cliild 1987; 141 : 1 106-7 

Siega-Riz AM, Adair LS, Hobel CI. Institute of Medicine matemal weight gain 

recornrnendations and pregnancy outcome in a predominantly Hispanic population. 

Obstet Gynecol1994; 84: 565-73 

Silverman BL, R i u o  T, Green OC, Cho NH, Winter EU, Ogata ES, Richards GE, 

Metzger BE. Long terni prospective evaluation of offspnng of diabetic mothers. Diabetes 

199 1 ; 4O(Supp1.2) 12 1 -5 

Simrnons D. Can gestational diabeteshon-insulin-dependent diabetes in pregnancy be 

prevented? Aust NZ J Obstet Gynaecol1996; 36: 1 1 7-  1 18 

Smithberg M, Runner MN. Teratogenic effects of hypoglycemic treatments in inbred 

strains of rnice. Am J Anat 1963; 1 13: 479-89 



Snyder I, Gray-Donald K, Koski KG. Predictors of infant birth weight in gestational 

diabetes. Am J Clin Nutr 1994; 59: t 409- 14 

SOGC Cornmittee Opinion. Routine screening for gestational diabetes mellitus in 

pregnancy. JSOGC 1992; Number 1. 

Solomon CG, Willet W, Carey VJ, Rich-Edwards J, Hunter DI, Colditz GA, Starnpfer 

MJ, Speizer FE, Spiegelman D, Manson JE. A prospective study of pregravid 

deteminants of  gestational diabetes mellitus. JAMA 1997; 278: 1078-1083. 

Spellacy WN, Miller S, Winegar A, Peterson PQ. Macrosomia-Matemal characteristics 

and infant complications. 0bste1 Gynecol 1985; 66: 158- 1 61 

Stephenson MJ. Screening for gestational diabetes mellitus. A critical review. J Fum 

Pract 1993; 37: 277-283 

Stevens-Simon C, Roghmann KJ, McAnamey ER. Relationship of self-reported 

prepregnant weight and weight gain during pregnancy to materna1 body habitus and age. 

J Am Diet Assoc 1 992; 92: 85-7 

Sugarnian JR. Prevalence of gestational diabetes in a Navajo Indian Community. West J 

Med 1989; 150: 548-55 1. 

Szathmary EJE, Ritenbaugh C, Goodby CS. Dietary change and plasma glucose levels in 

an Amerindian population undergoing cultural transition. Soc Sci Med 1987; 24: 791-804 

Tallarigo L, Giarnpietro O, Penno G, Miccoli R, Gregori G, Navalesi R. Relation of 

glucose tolerance to complications of pregnancy in nondiabetic women. N Engl J Med 

1986; 3 15: 989-92 

Thompson DM. Controversies in Gestational Diabetes. J SOGC 1 996; 1 8: 765-7 1 



Thomson M. Heavy birth weight in native Indians of British Columbia. Can J Public 

Health 1990; 81: 443-446 

Thompson DJ, Porter KB, Gunnells DI, Wagner PC, Spinnato JA. Prophylactic insulin in 

the management of gestational diabetes. Obstet Gynecol 1990; 75: 960-64 

Toohey JS, Keegan KA, Morgan MA, Francis J. Task S, de Vecianna M. The "dangerous 

multipara": Fact or fiction? Am J Obsier Gy~ecol  1995; 172: 683-6 

Viegas OAC, Cole TJ, Wharton BA. Impaired fast deposition in pregnancy: an indicator 

for nutritional intervention. Am J Clin Nurr 1987; 45: 23-8 

Villar J, Cogswell M, Kestler E, Castillo P. Menendez R, Repke J. Effect of fat and fat- 

fiee mass deposition during pregnancy on birth weight. Am J Obstet Gynecol 1992; 267: 

1344-52 

Wake JA, Sowden JA, Storlein LH, James DE, Clark PW, Shine J, Chisholm DJ, 

Kraegen EW. Effects of exercise training and dietary manipulation on insulin regulatable 

glucose transporter mRNA in rat muscle. Diabetes 199 1 ; 40: 275-79 

Wasse H, Holt VL, Daling JFt. Pregnancy risk factors and birth outcornes in Washington 

State: A cornparison of Ethiopian-Born and US-Born Women. Am J Pub Health 1994; 

84: 1505-1 507 

Weiss PA, Haeusler M, Kainer F, Purstner P, Haas J. Toward universal criteria for 

gestational diabetes: Relationships between seventy-five and one hundred gram loads and 

between capillary and venous glucose concentrations. Am J Obstes Gynecol 1998; 178 

830-5 



Wen SW, Goldenberg RL, Cutter GR, Hofmian HJ, Cliver SP, Davis RO, Dubard MB. 

Smoking, matemal age, fetal growth and gestational age at delivery. Am J Obstet Gynecol 

1990; 162: 53-8 

Wen SW, Kramer MS, Usher RH. Cornparison of birth weight distributions between 

Chinese and Caucasian infants. Am J Epideniiol 1995; 141 : 1 177-87 

West KM. Diabetes in Arnerican Indians and other native populations of the New World. 

Diabetes 1974; 23: 841 855 

Wiikerson HLC, O'Suliivan JB. A study of glucose tolerance and screening cntena in 

752 unseiected pregnancies. Diaberes 1963 12: 3 1 3- 18 

Wiktrom 1, Axelsson O, Bergstrom R. Traumatic injury in large for date infants. Acta 

Obstet Gynecol Scand 1988; 67: 259-64 

Wolever TMS, Hamad S, Gitteisohn J, Gao J, Hanley MG, Harris SB, Zinrnan B. Low 

dietary fiber and high protein intakes associated with newly diagnosed diabetes in a 

remote abonginal comunity. Am J Clin Nutr 1997; 66: 14704 

World Health Oragnization. Diabetes Meihcs: Report of a WHO study group. Geneva, 

World Health Org., 1985 (Tech. Rep. Ser., no. 727). 

Young TK. Are subarctic Indians undergoing the epidemiologic transition. Soc Sci Med 

1988; 26: 659-71 

Yu SM, Nagey DA. Validity of self reported pregravid weight. Annals of Epidemiology 

1992; 2:  71 5-2 1 

Yudkin PL, Harlap S. High birth weight in an ethnic group of low socioeconomic status. 

Br JObstet Gynecol 1983; 90: 291-6 



Zhang S, Folsom AR, Flack JM, Liu K. Body fat distribution before pregnancy and 

gestational diabetes: findings from coronary artery nsk development in young adults 

(CARDIA) study. BMJ 1995; 3 1 1: 1139-1 140. 



PREVALENCE OF GESTATIONAL DIABETES MELLITUS 

AMONG JAMES BAY CREE WOMEN IN NORTHERN QUEBEC 

Authors 

1. Shaila Rodrigue, Ph.Do Candidate, School of Dietetics and Human Nutrition, 

McGill University, Mon treal, Canada 

2. Elizabeth Robinson, MD., M.Sc., FRCP(C)., Public Health Module-Cree region, 

Montreal General Hospital, Montreal, Canada 

3. Katherine Gray-Donald, Ph.D., School of Dietetics and Human Nutrition, 

McGitl University, Mon treal, Canada 

Journal 

Canadian Medical Association Journal 1 999; I60(9): 12 93-2298 



3.1 Abstract 

Background: The prevalence of gestational diabetes mellitus (GDM) has been reported to 

vary widely in Aboriginal populations. Most of the data have corne h m  the United States. 

To help determine the extent of GDM in Canada's Aboriginal population, the prevalence 

was assessed in a population of Cree wornen in northem Quebec. 

Methods: A cross-sectional study was conducted using the National Diabetes Data Group 

(NDDG) critena- Monnation was obtained fiom patient charts on pregnancies between 

January 1995 and December 1996 among women residing in 9 communities in the eastem 

James Bay region of northem Quebec. Women who were non-Cree, had pre-existing 

diabetes, had spontaneous abortion, or were receiving glucocorticoid treatment were 

excluded. 

Results: Data on 654 pregnancies that met the inclusion criteria were available. Results of 

the screening oral glucose challenge test were available for 579 of the pregnancies; the 

remaining 75 pregnancies were excluded. The mean gestational age at screening was 28.3 

* 2.6 weeks. The prevalence of GDM among the Cree was 12.8% (74/579) (95% CI: 10.1- 

15.5). The prevalence in the inland communities was twice as high as that in the coastal 

communities (1 8.0% vs. 9.3%, p=0.002). Wornen with GDM or impaired glucose tolerance 

were older, more parous, ovenveight and delivered heavier babies compared with their 

normoglycemic counterparts. 

Interpretation: The prevalence of GDM among the James Bay Cree is twice as high as the 

general North American population and the second highest reported for an aboriginal group 

worldwide. Given the likelihood that a high proportion of these women may progress to 

Type 2 diabetes eventually, strategies for GDM and Type 2 diabetes prevention and 

treatment in this population need to be formulated. 



3.2 Introduction 

Gestational diabetes mellitus (GDM) has been defined as ''carbohydrate intolerance 

of variable severity with onset or first recognition during pregnancy" (1). GDM not only 

increases the risk for infant macrosomia (birth weight >4ûûû), hypoglycemia, birth trama, 

and cesarean sections (2) but also the risk for subsequent Type 2 diabetes in the mother (3) 

and her offspring (4). Despite this, there is no consensus regarding universality, method, 

criteria or clinical utility for GDM screening and diagnosis (5-6). While the Society of 

Obstetricians and Gynecologists of Canada (7) recornrnend universal screening for GDM 

between 24-28 weeks gestation, the Arnerican Diabetes Association (8)' Arnerican College 

of Obstetricians and Gynecologists (9) and Canadian Task Force on the Periodic Health 

Examination (1 O) recomrnend selective screening based on the presence of certain historical 

or clinical risk factors. 

Studies fiom the United States indicate that the prevalence of GDM varies widely, 

fiom a low of 3.2% among Tohono O'odham of southem Arizona to a high of 14.5% among 

the Zuni Indians of western New Mexico (1 I - 16). There has been just one Canadian study 

which has used standardized criteria to determine GDM prevalence in a Native group (Cree 

and Ojibwa of northwestem Ontario) to date (17). It is important to accurately assess the 

prevalence of GDM in Canada's Aboriginal population to give a better understanding of the 

importance of the problem. Therefore, the aim of this study was to establish the prevalence 

of GDM among the James Bay Cree. 

3.3 Methods 

The Cree of James Bay belong to the Algonquian language family and subarctic 

culture area. Approximately 1 1,000 Cree people inhabit 5 coastd and 4 inland communities. 

The James Bay and Northem Quebec Agreement of 1975 resulted not only in relocation of 

various settlements but also changes in economy, health services, education, and socio- 

cultural traditions. Primary health care is provided by physicians and nurses at local clinics 

(one in each communi ty). Most deliveries are done at Vd-d'Or, Chibougamou or Chisasibi. 

Al1 births in Quebec in 1995 and 1996 to tesidents of the 9 communities were 



identified fiom a birth registry maintained by the Public Health Module-Cm Region 

(n=637). Of these, prospective information was available for 153 pregnanci~ in 1995-96 and 

an additional 66 pregnancies in 1997, arnong participants in a nutrition intervention shidy 

ending in June 1997. We therefore had information for a total of 703 pregnancies in 668 

different women. Women who were not Cree, had spontaneous abortions, preexisting 

diabetes or treated with glucocorticoids during pregnancy were excluded. The prevalence of 

preexisting diabetes arnong pregnant women was based on physician diagnosis of Type 1 or 

Type 2 diabetes in the woman's medical chart antedating the index pregnancy. 

For al1 Cree women, a 1-h 50 g oral glucose challenge test (OGCT) was usually 

administered in the non-fasting state towards the end of the second trimester as per the 

recommendations of the National Diabetes Data Group (NDDG) (1 8). Women with a 

positive screen (2 7 -8 mmoVL) are given a 3-h 1 00 g oral glucose tolerance test (OG'IT) after 

an overnight fast. For women at high risk for GDM, screening may be done during the fint 

trimester; those with a negative result undergo a repeat screening test or OGTT at about 24 

weeks gestation. A fasting plasma glucose detexmination is also obtained during the first 

trimester for most women. Blood samples fiom women in coastal communities are generally 

sent to Chisasibi and fiom inland communities to Chibougarnou for laboratory processing. 

Laboratory results were obtained fiom chart reviews of patient medical and laboratory 

records. GDM prevalence in this population was determined strictly by the NDDG critena 

(1 8). Ln cases where a glucose meter was used for a 50 g screen, a threshold of 7.2 rnmol/L 

for capillary bIood was used instead of 7.8 mmol/L to indicate a positive screen value (1 9). 

For positive screenees with no or incomplete OGTT information, the positive predictive 

value of the 50 g screen was used to detennine potential cases of GDM. Impaireci glucose 

tolerance (TGT) was defined as 1 abnonnal value on the 3-h 100 g OGTT (20). 

Information on materna1 age, pregravid weight, height, parity and infant birth weight 

was obtained from chart reviews. For intervention study participants, height was measured 

by dietitians and pregravid weights were obtained tiom matemal recall. For the purpose of 

this study, pregravid weight from materna1 recalkhart review was used only if it agreed 

within 5 kg of pregnancy weight up to 10 weeks or 7 kg of weight at >IO44 weeks (if 



available). If pregravid weight was not available, weight at the k t  visit ( i f s  14 weeks) was 

used. Gestational age determination was based on 1 s t  nomal menshual period if it coincided 

within 1 week of ultra-sound dating done between 16-20 weeks (2 1). Otherwise, ul t ra-so~d 

estimates were used. B irth weights of terni infants (2 3 7 weeks) (n=604) were used in the 

analysis. 

The study was approved by the Cree Board of Health and Social Services of James 

Bay. Ethical approval was obtained fiom the Human Ethics Review Board of Macdonald 

Campus, McGill University. Informed consent was also obtained from participants in the 

intervention study. Al1 statistical analyses were perfomed using the Statistical Analyses 

Systern (SAS, version 6.12, NC, USA). Chi-Square analysis was used to determine 

differences in GDM prevalence between inland and coastal communities. Student's 

independent t-test was used to determine differences in matemal and infant characteristics 

between screenees and non-screenees. Tukey's Studentized Range (HSD) test was used for 

multiple cornparisons between women with normal, abnormal (GDM/IGT) and uncertain 

glycemic status (positive screenees with nolincomplete OGTT) in a one way analysis of 

variance. Level of significance was set at ~ ~ 0 . 0 5 .  

3.4 Results 

Of the 703 pregnancies during the study penod, 7 files could not be located and 42 

did not meet the inclusion cnteria (pregestational diabetes: n=12, spontaneous abortions: 

n=5, non-Native status: n=22, glucocorticoid treatment: n=3). Data on 654 eligible 

pregnancies were thus available. The women had a median age of23 y (range: 14.5-43 y) and 

31% were nulliparous, 25% pnmipatous, 39% multiparous and 5% grand-multiparous 

(parityr 5).  Data on pregravid weight and height were not in the charts for many women. The 

average pregravid body mass index (BMI) was 30.4 * 6.7 kg/m2 (n=275); 55.5% of the 

women were overweight (BMI >29 kg/m2j. The average pregravid weight was 80.9 * 18.2 

kg (n=417). 

Screen values aAer 22 weeks gestation were available for 534 of the 654 

pregnancies. Mean gestational age at screening was 28.3 1 2.6 weeks. The median value on 



the screen was 7.2 mmoVL (range: 2.9- 1 8.5 mrnol/L). Thirty seven percent (n=199/534) of 

the pregnancies had positive screens but only 62% of these (123/199) completed the OGTf. 

OF the positive screenees who completed an OGTT, 32 tested positive for GDM, yieldhg a 

positive predictive value of 26% (Wl23) for the 50 g screen. 19.5% (2411 23) had IGT and 

54.5% (671 123) had normal glycernic status. The other 38% (76/199) high screenees either 

did not receive an OGTT (n=7 1 ) or had incomplete OGTT information (n=5). Reasons for 

no OGTT following a high screen were patient refusa1 or missed laboratory appointments, 

physician diagnosis of GDM based only on a positive screen value, missing OCTT values 

fiom patient records, or vomiting after the OGTT solution was given. We used the positive 

predictive value of the screen to estimate how many of these high screenees with 

no/incomplete OGTT information (n=76) would have tested positive for GDM had they 

undergone a complete OGTT. This yielded an estimate of 19.8 GDM cases (26% x 76). 

niere were 335 pregnancies with nonnal screen values ( -0 .8  mmol/L). Ofthese, 18 received 

an OGTT based on some clinical indication. Three of the 18 pregnancies tested positive for 

GDM, 3 had IGT and 12 were nonnoglycemic. The results are surnmarised in Figure 1. 

The remaining 120 pregnancies which were not screened by the standard protocol 

included 6 diagnosed with GDM during the first trimester, 33 who received a direct OGTT, 

3 without screen values in their charts but they were transferred out of the community for 

GDM control, 3 with a capillary screen and 75 with no screen values whatsoever (Figurel). 

The non-screenees (n=75) were excluded fkom the GDM estimate, as no assurnptions can be 

made regarding their glycemic status. Cornmon reasons for no screen values were patient 

absence at laboratov appointments or no prenatal care. The final estimate of GDM 

prevalence over a two year penod (1995-1996) among the Cree of James Bay is therefore 

74679=12.8% (95% CI: 10.1 - 1 5 S). GDM prevalence was higher in the inland (n=234) vs. 

coastal communities (n=345) (18% vs. 9.3% respectively, ~ 4 . 0 0 2 ) .  The prevalence of 

pregestational diabetes was determined to be 1.8% (1 21674) (95% CI: 0.8-2.8) for the entire 

Native sample. 

Means * standard deviations for matemal age, parity, prepregnancy body weight and 

infant birth weight by screen status are presented in Table 1. Women with GDPvVIGT and 



those with high screens but nolincomplete OGTT were older and heavier compared with 

normoglycemic women. Women with GDM/IGT were also more parous and had heavier 

babies compared with their normoglycemic counterpacts, while the values for women with 

high screens but no/incomplete OGTT fell between the two values. A similar trend was noted 

when women with IGT were pooled with normoglycemic women in the analyses. The mean 

age, parity, pregravid weight and infant birth weight of those screened (n=579) vs. those not 

screened (n=75) were very similar, indicating little risk ofbias by not having values on these 

women (Table 1). 

3.5 Conclusions 

The prevalence of GDM among the James Bay Cree is 12.8%, approximately twice 

as high as 3 - 9 4  reported for the general North American population (22-23). in a recent 

Canadian study among the Cree and Ojibwa Natives of northwestern Ontario, GDM 

prevalence was found to be 8.7% (1 1 O/1263) using the NDDG criteria (1 7). Earlier Canadian 

surveys used self-reported data to determine GDM prevalence among some Native Canadian 

groups and indicated a GDM prevalence ranging fiom 2% in the Pacific region to 16% in 

Quebec (24-25). The accuracy of our estimate is enhanced by two facts. First, we had data 

for 88.5% of al1 eligible Cree women (579/654) over the study period. Second, diagnosis of 

GDM was made stictly in accordance with the NDDG criteria (1 8). Our results support other 

reports that women with GDM were more likely to be older, more parous, overweight (1 7, 

26-27) and deliver heavier babies (28), compared to women without GDM. GDM prevalence 

was also noted to be twice as high in the inland (southern) vs. coastal (northern) cornmunities 

in our study and may be indicative of lifestyle differences based on proximity to urban 

centres. This is supported by reports of a north-south gradient for Type 2 diabetes prevalence 

in the same population (29), and other Native populations (30). 

Estimates of GDM among Native groups in North America using the NDDG cntena 

range fiom 3 -2% among the Tohono O'odham to 14.5% among the Zuni ofNew Mexico (1 1 - 
16). Prevalence figures reported to date, however, may be underestimated because high 

screenees who did not proceed to an OGTT appear to have been classified as normal. For 



cornparison purposes, we used the positive predictive value (PPV) of the screen, where 

available, to detemine potential cases of GDM in each of these studies. The PPV of the 50 

g screen was available for the Navajo Indians (1 2), Yup' ik Eskimos (1 3). and Chippewa ( 1 51, 

and ranged h m  20-25%, comparable with the value of 26% obtained in o u .  study. The use 

of the PPV to estimate potential cases of GDM increased the prevalence estimate from 9.3% 

to 1 2.8% among the Cree in our study (PPV=26%), 4.3% to 5.7% among the Navajo Indians 

(PPV=20%) (1 2), 5.8% to 6.6% among the Yup'ik Eskimos (PPV=22%) (13), and 5.8% to 

7% among the Chippewa (PPV=25%) (1 5). 

The prevalence of GDM among the Pima using the NDDG criteria was de tedned  

to be only 1.6% (14), but the prevalence of  pregestationai diabetes was 6.3% (95% CI: 3.0- 

9.6) (3 l), compared to 1.8% (95% CI: 0.8-2.8) in our study. One explanation may be more 

intensive screening among Pima women compared to the Cree leads to the detection of more 

cases of  diabetes prior to pregnancy. Alternatively, because of the different genetic makeup 

and environmental and lifestyle factors among the Cree, infiequent pregravid diabetes may 

be a tme phenornenon. A low prevalence of pregestational diabetes (3.2%, 95% CI: 2.3-4.2) 

was also noted among the Cree and Ojibwa women of Ontario, Canada (17). 

A limitation of this study was that 75 women did not undergo any screening but there 

is no reason to believe that these women were at higher or lower risk for GDM as they were 

of similar age, parity and pregravid weight status. In addition, 76 women with positive 

screens did not undergo OGTTs and we were obliged to use the positive predictive value of 

the screen to estimate potential cases of GDM in this group. 

In conclusion, the James Bay Cree are definitely at an increased risk for GDM 

compared to the general North Arnencan population. They have the second highest 

prevalence of GDM reported for an abonginal group worldwide. The high rate of GDM 

among the James Bay Cree is of concern, as approximately 60% of these women may 

develop Type 2 diabetes subsequently (3). Therefore universal screening for GDM is 

important for this population. Whether this high prevalence reflects a greater genetic 

propensity for diabetes or an elevated level of risk factors for GDM among certain Native 

populations remains to be determined. 
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Table 1 : General Cliaracteristics of Cree Woinen by Screen Status 

Matemal 

Characteristics 

Screenees Total Screened Not Screened 

Nom al GDM, IGT +ve screen, rto OGTT 

A&F (Y) 23.1*5.1' 

ri=413 

Pari ty 1 . 4 ~  1.4' 

~ 4 1 2  

Pregravid wt ( k g )  78.% 18.5' 

n=261 

Tenn birth weight (g) 3800150Se 

n=394 

Data are expressed as Mean * SD 

Groups with different superscripts are statistically different at p~0.05 using Tukcy's Studentized Range (HSD) test or Student's 1-test 



Chapter 3 established that the Cree of James Bay have a high prevalence of GDM at 

12.8%, the second highest prevalence reported for an Aboriginal group worldwide. It aiso 

clearly showed that although Cree women were very young on average (23 y), their 

pregravid body weight was very hi& (81 kg) and more than half of them were obese at 

the start of pregnancy (55.5%). This is not the case in the general North American 

population, where childbearing is normally delayed and such high rates of obesity are 

generally not seen among younger women. It is unclear whether the elevated prevalence 

of GDM among the Cree compared to a prevalence of 3 4 %  reported for the general 

North American population is due to the very different nsk profiles for GDM between the 

two populations. The second study (chapter 4) was thus designed to address this question. 

Specifically, independent risk factors for GDM were identified among the Cree and the 

risk for GDM was compared between Cree and non-Native women af€er statistically 

controIling for differences in the distributions of risk factors or after fkequency-matching 

Cree women with non-Native women for major risk factors. 
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4.1 Abstract 

Background: The James Bay Cree (Canada) have one of the highest recorded rates of 

gestational diabetes meliitus (GDM) among Aboriginal peoples worldwide; the reasons for 

this elevated nsk remain to be documented. 

Objective: To compare predictors and nsk of GDM between the James Bay Cree and non- 

Native Canadians. 

Design: Risk for GDM was compared between Cree and non-Native women by a) 

statisticall y adjusting for di fferences in age, parity, pregravid weight, and smoking status 

(n=402 Cree, 77 18 non-Natives); b) matchhg Cree women with non-Native women for age 

and pregravid weight (n=394 Cree, 788 non-Natives). Dietary and physical activity 

information was available for a subset of Cree women (n=l52). 

Results: Age and pregravid weight were independent predictors of GDM in both Cree and 

non-Native women. After controlling for these predictors, normal-weight ( 5  77 kg) Cree 

women were not at increased risk for GDM (OR: 1.42,95% CI: 0.67-2.71) but ovenveight 

Cree women had an elevated nsk compared with overweight non-Native women (OR: 2.25, 

95% CI: 1.32-3.80). 

Conclusions: Overweight Cree women are at increased risk for GDM. Given the high 

prevalence of pregravid overweight among the Cree, the burden of GDM is higher than 

arnong non-Native Canadians. 



4.2 In traduction 

Gestational Diabetes Mellitus (GDM) d e h e d  as "carbohydrate intolerance of 

variable severity with onset or fvst recognition during pregnancy" ( 1 ), afflicts approximatel y 

3-5 % of women in the general North American population, with higher rates being reported 

among specific ethnic groups such as Blacks, Hispanics, Asians and Onentals compared to 

non-Hispanic Whites (26). A high prevalence of GDM has also been reported among several 

North Amencan Native groups (7-9), but the reason(s) for this high prevalence compared to 

the general population is unloiown. GDM increases the risk for pregnancy complications and 

subsequent Type 2 diabetes in the mother and her O ffspring (1 0- 1 1). The high rates of GDM 

arnong Native groups are of concern given their young age and the likelihood of early onset 

of Type 2 diabetes. 

Independent predictors of GDM identified in rnulti-ethnic populations include age 

(2-5), parity (S), prepregnancy body mass (2-S), prepregnancy and pregnancy waist-to-hip 

ratio (1 2- 13), prepregnancy smoking status (4). and weight gain during early adulthood (4). 

The elevated prevalence of GDM reported for some ethnic minority groups such as 

Hispanics, Blacks and Orientais compared to Caucasians persist even d e r  controlling for 

some of the aforementioned predictors, narnely age and body weight (2-6). The high 

prevalence of GDM reported for some North Arnerican Native groups compared with the 

general population may be due to a disproportionate distribution of nsk factors for GDM in 

the two populations, genetic predisposition arnong the former, or boa, and needs to be 

investigated. 

The purpose of this study was therefore a) to identim and compare predictors of 

GDM among the Cree of eastem James Bay, Canada, who have a high prevalence of GDM 

(9), to the general Canadian population using a large obstetric database of non-Native 

pregnancies, b) to determine whether differences in GDM prevalence between the Cree and 

the general Canadian popuiation could be explained by differences in the GDM risk profiles 

of age, parity, he ia t ,  pregravid weightbdy mass index and smoking status between the two 

populations. 



4.3 Subiects and Methods 

About 1 1,000 Cree live in 9 communities east of James Bay (norihem Quebec). Of 

these, 7 communities are accessible by year-round roads. The size of the communities varies 

from 485 to 2951 inhabitants (14). Traditionally, the Cree were hunter-gatherers. The 

establishment of the hydro-electric project in James Bay in 1975 led to the beginning of a 

more settled existence for the Cree. At present, al1 houses have electricity and modem 

appliances but are often ovenirowded. Although traditional foods such as wild garne and fish 

are still highly valued, traditional dietary patterns have chan@, with the younger generation 

consuming predominantly market foods (15). The recent lifestyle changes have been 

accompanied by high rates of obesity and Type 2 diabetes, especidly among Cree women 

(16)- 

4.3.1 Data collection 

Matemal medical charts for al1 Cree deliveries from January 1995-December 1996, 

in the 9 communities of James Bay (n48 1) were reviewed for obstetrical information. Data 

for non-Native Canadian pregnancies were extracted fiom the McGill Obstetric andNemata1 

Database (MOND), which is a computerized database of al1 deliveries at the Royal Victoria 

Hospital (Montreal, Canada) since 1978. The hospital serves a rnulti-ethnic Montreai 

population. Less than 1 % of 7 1,4 1 5 First Nations people in Quebec, live in Montreal (1 7). 

Diagnosis of gestational diabetes mellitus (GDM) arnong the Cree and at the Royal 

Victoria Hospital, Montreal, was in accordance with the National Diabetes Data Group 

recommendations (1 8). Specifically, women were screened with a 50 g oral glucose load 

between 24-30 weeks gestation. If the plasma glucose value at 1-h was 27.8 rnrnoVL, the 

patient was asked to undergo a 100 g 3-h oral glucose tolerance test (OGTT) after an 

ovemight fast. GDM was diagnosed if any 2 of the 4 values on the OGTT were met or 

exceeded (fasting: 5.8, 1-h: 10.6,2-h: 9.2,3-h: 8.1 mmoVL). Information on the following 

variables of interest were obtained for both populations: ciiabetes status, mother's date of 

birth, pregravid weight, height, parity, and smoking statu duruig pregnancy. Women with 

pregestational diabetes, uncertain GDM status due to missing screen or OGTT information, 



preterm birth, a spontaneous abortion and those on glucocorticoid thciapy were excluded 

fiom the analyses. In addition, high-risk referrals fiom other hospitals were also excluded 

from MOND. Ethical approval for the study was obtained from the Human Ethics Review 

Board of McGill University. 

Of the 681 deliveries among the Cree, 499 met the inclusion criteria. Of these, 

pregravid weight information was missing for 85 pregnancies, parity information was 

missing for 1 pregnancy, matemal smoking status was unknown for 1 1 pregnancies and 

height information was missing for 138 pregnancies. Therefore, complete information on 

matemal age, pregravid weight, parity, and smoking status was available for 402 

pregnancies, with 1 6 women contributing two pregnancies between January 1995-December 

1996. If height was included as a predictor, complete infornation was available for 264 

pregnancies. Women with missing information on pregravid weight or height were similar 

in most characteristics to women with complete data. The one exception was that wornen 

with no information on height (n=138) had a lower prevalence of GDM compared with 

women with complete data (n=264) (4.4% vs. 15.2?6, p c  0.001). 

Pregravid weight information for Cree women was based on matemal recall 

(1 47/402) (if within 5 kg of measured weight up to 10 weeks gestation or within 7 kg of 

measured weight between 10-20 weeks gestation) or the first available weight up to 20 weeks 

gestation (255/402). Height was either measured (1 74/264) or based on materna1 report at 

booking (901264). High correlations between self-reported and measured weights and heights 

have been reported in population based studies (1 9-20). 

Information on parity and smoking status was based on matemal report. Information 

on diet, physical activity patterns and rate of weight gain before GDM diagnosis and GDM 

status in the previous pregnancy was available in a subset of Cree women (n=152). In 

analyses of this subset, women with impaired glucose tolerance (TGT) (one abnormal value 

on the 3-h 100 g OGTT) were pooled with GDM women to increase statistical power (n=24 

GDWGT, 128 normoglycemic women). Women in the Cree subset (n=152) were not 

different in age, parity, pregravid weight, height and smoking status compared with women 

in the entire Cree sample with complete data (n=402) (pz0.05). Energy and macronutrient 



intakes were estimated fiom a single 24-h recall before GDM diagnosis using Food 

Processor ïI, Version 5.03 (ESHA Research, Salem, Oregon, USA). Phpical d v i t y  

patterns were determined from a questionnaire administered at the time of the 24-h recall, 

to categorize women into sedentary or active, based on 6requency of participation in various 

activities (21). In order to determine rate of weight gain before GDM diagnosis in the Cree 

subset, last available weight before GDMlIGT diagnosis was deducteci fiom the 

available pregnancy weight and then divided by the number of weeks elapsed for GDM 

women. As normoglycemic women did not undergo an OGTT, the last available weight 

before the median gestational age at which the OGTT was administered in the GDNUET 

group was used as the last weight. Information on previous GDM was based on matemal 

reports and validated against laboratory reports of glucose screening in the previous 

pregnancy when available. 

Of the 20,982 deliveries in the MOND (1 990-1 996), 20,619 met the inclusion criteria. 

ln addition, the data were restricted to women bom in North America or Europe to limit 

ethnic heterogeneity of the sarnple, as no other indicators of ethnicity were available in this 

database. This reduced the sarnple size to 13,734 pregnancies. Of these, no Uifonnation on 

pregravid weight was available for 5864 pregnancies, information on matemal smoking 

status was unknown for 152 pregnancies and height information was missing for 1,483 

pregnancies. Therefore, complete information on matemal age, parity, pregravid weight and 

smoking status was available for 77 18 non-Native pregnancies, with 800 women contributing 

two pregnancies, 45 women contributing three pregnancies and 4 women contributing four 

pregnancies over the time penod studied. If height was included as a predictor, the sarnple 

size decreased to 6235 pregnancies. nie only différence between non-Native wornen with 

missing data for pregravid weight or height and women with complete data was that GDM 

prevalence was lower by 3.741% @<0.001) among women with missing information on 

these variables. In the MOM) population, information on pregravid weight, hejght, pariîy 

and smoking status were based on matemal reports at hospital booking. No information on 

previous GDM, rate of weight gain before GDM diagnosis, diet or physical activity patterns 

was available fiom this database. 



Because of the large number of missing heights for both Cree and nomNative 

women, obesity was defined as pregravid weight >77 kg, which is quivalent to BMI >29 

kg/m2 (recommended as the obesity cut-off by the Institute of Medicine of the US (22)) for 

a woman of average stature (1 -6 rn for both Cree and non-Native women). 

4.3.2 Data analyses 

The pnmary outcome was the presence or absence of GDM. The following predictor 

variables were evaluated for their effects on GDM risk for Cree (n=402) and nonoNative (n= 

77 1 8) women separately : age, pregravid weigh t, and smoking stahis. In order to determine 

the effects of ethnicity (Cree vs. non-Native) on GDM, data for the two ethnic groups were 

pooled together and the effect of ethnicity on GDM was determined in multivariate analyses 

adjusting for the effects of age, pregravid weight and smoking status. 

Cree and non-Native women were also frequency matched on a 1 : 2 basis for 

pregravid weight (I 2.5 kg) and age (+ 10 y), to control for diflerences in the distribution of 

these two variables. Even with a large non-Native database and a wide margin for age. we 

could not find appropriate pregravid weight matches for 8 young Cree women who were very 

overweight, and these were therefore excluded. The final sample size for the matched sample 

was thus 394 Cree women and 788 non-Native women. 

Al1 analyses were repeated a) substituting height and BMI in the mode1 for pregravid 

weight (n=264 Cree and 6235 non-Natives for the unmatched sample and n=258 Cree and 

623 non-Natives for the matched sample); b) restricting the data to only the most recent 

pregnancy among women with repeat pregnancies over the study penod (n=386 Cree and 

68 16 non-Natives). The magnitude of nsk associated with previous GDM, rate of weight 

gain, energy and macronutrient intakes and physical activity levels before GDM diagnosis 

were evaluated for the Cree subset (n= 1 52). 

Student's independent t-test and the chi-square test were used to test differences 

between continuous and categoncal variables, respectively. Multiple logistic regression 

analysis was used to estimate adjusted odds ratios and 95% confidence intervals. The 

Breslow-Day test of homogeneity of odds ratios across strataof ethnicity was used to explore 



interactions between ethnicity and other predictors of GDM. The level of significance was 

set at psO.05 for al1 predicton and at prO.1 to detect interactions between predicton. Al1 

analyses were conducted using the Statistical Analysis System (SAS, version 6.12, NC, 

USA). 

4.4 Results 

Clinical and socio-demographic profiles of the Cree and nomNative samples are 

presented in Table 1. In the unmatched sample, the prevalence of GDM among Cree women 

(n=402) was 1 1.4% vs. 5.3% among non-Native women (n=77 18). Risk profiles for GDM 

were very different between the two populations, with the Cree being younger, more parous 

and heavier. More than half the Cree women were classified as obese (pregravid weight >77 

kg) compared with only 10% of non-Native women. Although there were more smokers 

among the Cree, the average nurnber of cigarettes smo ked per day by smokers was lower (5 

vs. 13 cigarettes respectively). In the matched sample (n=394 Cree and 788 non-Natives), 

pregravid weight and BMI was not different between the ntro ethnic groups, as expected, 

given the narrow pregravid weight margin used for matching (* 2.5 kg). However, Cree 

women in the matched sample were significantly younger and more parous chan nonoNative 

women whereas GDM prevalence was no longer significantly different between the two 

groups (1 1.4% vs. 8.1%). In both the unmatched and matched samples, Cree women 

delivered heavier infants than non-Native women (Table 1 ). However, while infant birth 

weight was significantly higher among Cree women with GDM compared with 

normoglycemic Cree women (4171 * 496 g vs. 3797 * 529 g, p<0.0001), this was not the 

case among non-Native women (3479 480 g vs. 3501 I 458 g, ~ 4 . 3 7 ) .  

Table 2 shows independent risk factors for GDM stratified by ethnicity in the 

matched and unmatched samples. Risk factors that were significantly associateci with GDM 

arnong the Cree in the unmatched sample (n=402) were age and pregravid weight, whereas 

parity and smoking status did not attain statistical significance. When BMI and height were 

substituted for pregravid weight in the same rnodel, BMI was a significant predictor 

(adjusted OR per 5 kglm2: 1.3 3,95% CI: 1 -04- 1.7 1 ), whereas height was not (adjusted OR 



per 5 cm: 1 .O4, 95% CI: 0.73-1.48). Similar results were obtained for the matched Cree 

samp le (n=394). Among unmatched non-Native women, ail risk factors evaluated, i .e. age, 

parïty, body weight and smoking status were significantly associated with GDM (Table 2). 

When the model was r e m  after subshtuting BMI and height forprepvid weight, bath were 

statistically significant (adjusted OR per 5 kg/m2 of BMI: 1.50,95% Cl: 1.36-1.65, adjusted 

OR per 5 cm of height: 0.83,95% CI: 0.77-0.89). The results were similar for the matched 

non-Native sarnple (n=788), except that the effects of parity, height and smoking status were 

no longer statistically signi ficant. 

In multiple logistic regression analysis pooling data for the two ethnic groups (n=402 

Cree and 7718 non-Natives), and including ethnicity, age, parity, pregravid weight and 

smoking status in the model simultaneously, a significant interaction was noted between 

ethnicity and pregravid weight or BMI (Figure 1). The adjusted odds ratio for the interaction 

between ethnicity and BMI was 1.45 (95% CI: 1 .OZ-2.07). Interactions between ethnicity and 

other predictors in the model were not significant. 

Further analyses were conducted after stratification by pregravid weight ( r  77 kg, >77 

kg) because of the observed interaction between weight and ethnicity. The magnitude of risk 

for GDM imparted by each nsk factor after adjusting for the effects of other nsk factors 

stratified by pregravid weight is shown in Table 3, for both the unmatched and matched 

samples. Ethnic status was not a significant predictor of GDM arnong nomal-weight 

individuals for either the matched or unmatched sarnples, which implies that normal weight 

Cree women had a similar risk for GDM as normal weight non-Native women. In contrast, 

c h i c  status had asignificant effect arnong obese women (matched and unmatched samples). 

Even after adjusting for age, parity, pregravid weight and smoking status, the risk for GDM 

more than doubled for obese Cree women compared witb obese non-Native women (Table 

3). The same effect was seen when the mode1 was r e m  after stratification by BMI instead 

of pregravid weight and also adjusting for height. 

When the analyses were repeated after restricting the data to the most ment 

pregnancy among women with repeat pregnancies during the study period (n=386 Cree and 

68 1 6 non-Natives), the results were very similar (data not shown). 



Risk factors for GDM were also analyzed for the Cree subset (n=152) with 

information on diet and physical activity pnor to GDM diagnosis. In univariate analyses, 

Cree women with GDM/IGT (n=24) had a higher fiequency of GDM in the previous 

pregnancy (29.2% vs. 3.2%, peO.001), significantly lower prediagnostic rate of weight gain 

(Mean I SD: 0.36 I 0.20 vs. 0.50 I 0.29 kg/week, ~ ~ 0 . 0 1 )  and lower energy consumption 

(Mean* SD: 9301 a 3402 vs. 11,958 & 3619 kl, p=0.001), whereasphysical activitypattems 

were not different (54% vs. 42% sedentary, pq.26) compared with nomoglycernic women 

(n=128). In multivariate analyses in the Cree subset (n=l52), independent predictors ofGDM 

were age (adjusted OR per 5 y: 1.85,95% CI: 1.22-2-87), BMI 0 2 9  vs. s29 kg/m2, adjusted 

OR: 3.52,95% CI: 1.19-12.06) and energy intake (adjusted ORper 100 kcal or 41 8 kl: 0.92, 

95% CI: 0.86-0.98). When previous GDM (adjusted OR: 7.42,1.60-4 1.75) was added to the 

mode4 the odds ratios for energy intake, age and BMI remained unaffêcted. M e r  adjusting 

for age, BMI, energy intake and previous GDM, none of the other variables (Le. parity, 

smoking stahis, rate of weight gain and individual macronutrients) were statistically 

signifiant @>O. 1). 

4.5 Discussion 

The aiin of this study was to compare risk for GDM between Cree women and non- 

Native women in the general Canadian population after accounting for diffaences in age, 

parity, body mass and smoking statu. Our results indicated that only obese Cree women 

were at a higher risk for GDM compared with obese non-Native women, whereas GDM 

prevalence was similar among normal weight Cree and non-Native women. Ethnic 

differences in GDM risk have been shown in other studies, where a high prevalence of GDM 

was noted arnong ethnic minori ty groups such as Blacks, Chinese, Hispanics and Asian- 

Indians compared to Caucasians in the United kingdom or United States, even after 

controlling for differences in age, parity and body weight (2-6). However, our study is the 

first to report an interaction between body weight and ethnicity as a detenninant of GDM and 

to document differences between Aboriginal and non-Native women. 

Independent preùictors of GDM among the Cree were similar to those among non- 



Native women in the general Canadian population. Among the Cree, older and heavier 

wornen were at increased risk for GDM. This is supported by a snidy on the Cree and C)~ibwa 

Natives of the Sioux Lookout Zone in northwestern Ontario, Canada (the O&' 0 t h ~ ~  snidy 

on predictors of GDM in a North Amencan Native group) (8) and by other rePom among 

multi-ethnic populations (2-6). However, unlike observations among the Natives of Sioux 

Lookout Zone, in our study, parity was not an independent predictor of GDM among the 

Cree. It is difficult to dissociate the effect of parity fiom age and BMI en-, as is evident 

from the existing literature, where most studies do not report parity as an independent nsk 

factor for GDM after adjusting for age and BMI (2-4). 

The increased risk for GDM among obese Cree women compared with obese women 

in the general population could not be explained by differences in  age, p e t y ,  height, body 

weight or smoking status. Potential explanations could be differences in diet, physical 

activity patterns, body fat patteming or genetic predisposition to diabetes. Althou& 

information on diet and physical activity patterns during pregnancy was available on a subset 

of Cree women, no such information was available for our non-Native women. Lower energy 

intake predicted an increased risk for GDM in the Cree subset (n=l52) independently of age, 

previous GDM and body mas.  The inverse association between energy intake and GDM nsk 

may be due to underreporting of total energy intake by obese Cree women. Altematively, 

obese women may have decreased their energy intake to restrict weight gain during 

pregnancy. However, even though energy intakes were estimated from a single 24-h recall, 

we believe that the energy intakes observed among Cree women are a reasonably accurate 

reflection of their usual intakes during pregnancy for the following reasons: a) a significant 

positive association was noted between energy intake and weight gain (r=0.26, ~ 4 0 0 2 ,  

n=144) in our Cree subset; b) because the 24-h recall was done before GDM diagnosis, there 

is no possibility of contamination by treatment; c) a single 2 4 4  recall bas been reported to 

accurately reflect group intake in young women (23). 

The lower energy intakes seen in our study may be a marker for lower physical 

activity levels. This inference is reasonable for a number of reasons: First, an inverse 

association has also been reported between energy intake or physical activity and chronic 



diseases such as Type 2 diabetes (24-25) and coronary heart disease (26). Ssond,  aboriginal 

people who lead traditional lifestyles which include hard physicai labor have very low rates 

of diabetes compared to their genetically linked kin who are more rnodemized and sedentary 

(27-28). In addition, even mal1 increases in presumed energy expenditun through h u n h g  

and trapping in bush camps were reported to decrease plasma glucose and glycosylated 

hemoglobin levels arnong diabetic Cree men and women (29). T k d .  althoufi physical 

activity level as measured by a questionnaire was not an independent predictor of GDM in 

our study, an inverse association was observed between physical activity and obesity in our 

Cree subset, with obese women reporting more sedentary behaviors @<0.001). Thus, lower 

physical activity levels among obese Cree women in our study may be one of the r û w n s  for 

the higher GDM prevaience compared with obese women in the general population, who 

may be more active. Carehil detexmination of physical activity patterns of obese women in 

the general population should help shed light on this issue. Further, more 

precise measures of physical activity during pregnancy need to be developed to explore the 

relationship between physical activity and GDM. 

Another reason for differences in GDM prevalence between obese Cree and obese 

non-Native women may be due to differences in body fat patterning, which may be 

genetically predetermined (30-3 1). Central adiposity as determined by waist-hip ratio or 

waist circurnference has been reported to be an independent predictor of GDM in recent 

studies (12- 13). No information on body fat patterning was available for our study women, 

but this is a possibility that requires fûrther investigation. 

Certain limitations of our study need to be acknowledged. Ethnic characteristics of 

Our non-Native women could not be distinctly documented. However, limiting data to 

women born in North America and Europe restricted the ethnic heterogeneity of the non- 

Native sample. Although the possibility of some Cree women being included in the non- 

Native database cannot be completely ruled out, those evacuated to Montreal because of a 

high-risk pregnancy were excluded because they were classified as hi&-risk refemls. 

Another limitation may be the use of pregravid weight/BMI as an adiposity index in this 

study. However, good correlations between BMI and percent body fat determined by 



densitometry have been reporte. among non-pregnant (r4.60-0.82) (32) and pregnmt 

women (correlation between pregravid BMI & percent fat: 0.69) (33). Moreover, our use of 

a relatively high cutoff to define obesity (BMI ~ 2 9  or pregravid weight >77 kg) decreases 

the likelihood of misclassification (34). There were also a large number of rnissing data on 

pregravid weight or height for Cree and non-Native women. However, most characteristics 

were similar between women with missing information and women with complete data, 

except for a lower prevalence of GDM in the former group. This is lkely due to better 

follow-up and more complete medical records for women with GDM. 

In conclusion, our study clearly demonstrates that the high rate of GDM seen among 

the Cree compared to the general Canadian population is due to a high prevalence of obesity 

compounded by a higher rate of GDM arnong obese Cree women. in contrast, Cree women 

who are not obese are not at a higher nsk for GDM than non-Native Canadians. The reasons 

why obese Cree women are at a much higher risk for GDM than obese women in the general 

population need to be studied. Also, comprehensive efforts to tackle pregravid obesity arnong 

the Cree need to be undertaken through culturally acceptable ways of modifjting diet and 

increasing physical activity (35). 
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Table 2. Independent Risk Factors for GDM Stratified by Ethnicity ' 
Characteristics Unmatched Sample Matched Sarnple 

Cree non-Native Cree non-Native 

(11402) (n=77 1 8) (n=394) (n=788) 

Age (per 5 Y) 1.70 (1.25-2.33) 1.46 (1.31-1.63) 1.66 (1.22-2.30) 1.43 (1.07- 1.93) 

Parity (primi. vs. multiparous) 0.85 (0.40-1.82) 1.40 (1.09-1.78) 0.86 (0.39- 1.86) 1.24 (0.59-2.44) 

Pregravid weight (per 5 kg) 1.1 1 (1.03-1.21) 1.13 (1.09-1.17) 1.18 (1.06-1.30) 1 .O9 (1 .O1 -1.19) 

Smoking status (yedno) 0.81 (0.41-1.58) 1.43 (1.12-1.80) 0.77 (0.38-1.51) 0.96 (0.5 1 - 1.73) 

' Adjusted Odds Ratio (95% Confidence Interval) using Multiple Logistic Regession Analysis 



Table 3. Independent Risk Factors for GDM Stratified by Pregravid Weight ' 
Characteristic Unmatched Sample Matched Sample 

- - -  - 

Weight r 77 kg Weight > 77 kg Weight 577 kg Weight >77 kg 

(n=7 137) (n=983) (n=582) (n=600) 
- 

Ethnic status (Cree vs. non-Native) 1.42 (0.67-2.71) 2.25 (1.32-3.80) 1 .OS (0.40-2.61) 2.41 (1.34-4.39) 

Age @Cr 5 Y) 1.46 (1.30- 1.65) 1 .S2 (1.24-1.87) 1.48 (1.01-2.13) 1.55 (1.19-2.02) 

Parity (primi vs.multiparous) 1.38 (1 .OS-1 .79) 1.24 (0.79- 1.94) 0.95 (0.28-2.90) 1 .O9 (0.60-1.93) 

Pregravid weight (per 5 kg) 1.10 (1.02-1.18) 1.09 (1.02-1.18) 1.18 (0.91-1.55) 1.10(1.00-1.22) 

Smokers (yes/no) 1.41 (1 -08- 1.83) 1.15 (0.73- 1.77) 1 .O7 (0.47-2.33) 0.78 (0.43-1.35) 

Adjusted Odds Ratio (95% Confidence Interval) using Multiple Logistic Regtession Analysis 



The perinatal health status of Native peoples in North America is compromiseci 

compared with the general North Arnerican population. Infant and pst-neonatal 

mortality rates are elevated arnong North Arnerican Native peoples despite a low 

prevalence of low birth weight. In contrast, infant macrosomia rates are very elevated and 

the reason(s) for this have not been investigated adequately. 

The average birth weight of Cree infants is the highest reported for any ethaic 

group in the world. Factors contributing to the large size of the Cree infants at birth have 

not been detennined. From chapten 3 and 4 it is evident that the Cree have a high 

prevalence of pregravid obesity (55.5%) and GDM (12.8%), despite their young age, and 

that obese Cree women are at increased risk for GDM compared with non-Native women 

of similat body weight. Both pregravid obesity and GDM are important risk factors for 

infant macrosomia, and it is W e a r  whether the increased prevalence of these indicators 

alone among the Cree can explain their elevated prevalence of infant macrosomia 

compared with non-Native Canadian women. Chapter 5 explores independent 

determinants of macrosomia among the Cree, the relative magnitude of impact of these 

deteminants among Cree vs. non-Native women and the risk for macrosornia among 

Cree vs. non-Native women after carehlly adjusting for differences in risk factors for this 

outcome. 
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5.1 Abstract 

Background: The Cree of James Bay have the highest ever reported mean birth weight and 

a high prevalence of infant rnacrosomia. 

Objectives: To examine independent nsk factors for infant macrosomia among the Cree of 

James Bay, compare these to risk factors among non-Native Canadians, and detennine if 

etbnic differences persist after adjusting for differences in the distribution of other risk 

factors. 

Study Design: Macrosomia was debed  as birth weight >90h percentile for gestational age 

and sex. Independent detenninants of macrosomia were examhed in 385 Cree women and 

5644 non-Native women. The effect of ethnicity (Cree vs. non-Native) was detexmined after 

statistically adjusting for age, parity, pregravid weight, height, gestational weight gain, 

gestational diabetes (GDM) and smoking status. 

Results: The prevalence of macrosomia among the Cree was 34.3% vs. 1 1.1% among non- 

Natives. Pregravid weight, height and GDM were independent detednants of macrosomia 

among the Cree, whereas age, parity, pregravid weight, height and non-smoking status had 

independent effects among non-Natives. GDM significantly increased the risk for 

macrosomia among the Cree (odds ratio: 4.46, 95% CI: 2.24-9.26) but not among non- 

Natives (odds ratio: 1.15, 95% CI: 0.79-1 -65). The risk for infant macrosomia remained 

elevated among the Cree compared with non-Natives after adjusting for other nsk factors 

(odds ratio: 3.64,95% CI: 2.694.90). 

ConcIusions: The high rates of infant macrosomia among the Cree, despite controlling for 

important differences in pregravid weight and GDM, may reflect genetic differences in fetal 

growth. GDM was an important risk factor of macrosomia among the Cree but not non- 

Native Canadians. 



5.2 Introduction 

Infant macrosomia carries an increased nsk for operative delivery, birth trauma and 

injury, and infant morbidity, especially if associated with maternal diabetes (1 -3). The long- 

terni consequences of infant macrosornia are not clear, with some authors reporting 

subsequent obesity (4-7) but others refuting this finding (8). 

Infant macrosomia has been variably defined as birth weight ~4000 g, >4500 g or 

>90h percentile for gestational age and sex (9-10). High macrosomia rates (birth weight 

>4000 g) of 16 -3 1 % have been reportecl arnong several North American Native groups (1 1 - 
16) compared with approximately 10% in the general North American population (2). 

Predictors of infant macrosomia in the general population include advanced matemal age, 

multiparity, pregravid overweight, taIl stature, excessive gestational weight gain, diabetes, 

male sex of the infant, and pst-maturity (17). It is unclear whether the high prevalence of 

macrosomia seen among North American Native groups is attributable to différences in the 

distribution of nsk factors for infant macrosomia, including matemal weight and gestational 

diabetes mellitus (GDM). Recently, elevated rates of GDM have been reportecl among 

several Native groups in North Amenca (1 8-20). Altematively, the high mean birth weight 

of Native infants may be genetic. 

The Cree of Eastern James Bay have a high prevalence of GDM at 12.8% (19), and 

approximately 36% of their infants weighed 24000 g at birth (1 1). The present study was 

thus designed to examine predictors of infant macrosomia among Cree women, compare 

these to predictors in the general Canadian population and determine whether différences in 

rnacrosomia prevalence between the two populations could be explained by differences in 

maternal age, pregravid weight, height, gestational weight gain, gestational length, glycemic 

stahts, and smoking status. 

5.3 Materials and Methods 

5.3.1 Sf udy populations 

The Cree of James Bay belong to the Algonquian language family and subarctic 

culture area (21). About 1 1,000 Cree now occupy 9 communities in James Bay (northem 



Quebec). Most communities are accessible by year-round roads. Al1 women have good 

access to prenatal care which is provided by physicians and nurses at the local comrnunity 

clinics in each village. Most deliveries are done at the northem Quebec hospitals, narnely 

Val-d'Or, Chibougamou and Chisasibi, al1 of which have facilities for cesarean sections. 

Information on al1 infants born to Cree women in the 9 communities of eastem 

James Bay between January 1995 and December 1996 was compiled from two sources: the 

Government of Quebec's official declaration of births and the birth regisûy maintained by 

the Cree Board of Health and Social Services of James Bay. There were 615 births to Cree 

women in 1995- 1 996, and data for an additional 66 pregnancies in 1997 were available for 

participants in a nutrition intervention study ending in June 1997. Information on 68 1 births 

was thus available. Data for non-Native Canadian pregnancies h m  January 1, 1990 to 

March 31, 1996 (n=20,982) were extracted from the McGill Obstetrics and Neonatal 

Database (MOND), which is a computerized database of al1 deliveries at the Royal Victoria 

Hospital (Montreal, Canada) since 1978 (2). Ethical approval for the study was obtained 

fiom the Human Ethics Review Board of McGill University and inforrned consent was 

obtained fiom participants in the nutrition intervention study. 

5.3-2 Definitions of variables 

The main outcome of interest was infant macrosornia, deîïned as birth weight S)Om 

percentile for gatatimal age and sex based on the California reference of William et al. (22). 

Definitions of macrosomia used in separate analyses were absolute birth weight >4000 g or 

g. Predictors of fetal growth were also explored to detemine which factors infiuence 

birth weight. Information on the following variables of interest was abstracted for both 

populations: maternai age, parity, pregravid weight, height, weight gain dunng pregnancy, 

gestational age at delivery, smoking status and glycemic status during pregnancy. Gestational 

diabetes mellitus (GDM) among the Cree and non-Natives was defined in accordance wîth 

the National Diabetes Data Group (NDDG) criteria (23). As an association between birth 

weight and matemal glycemic status has been reported at Iower levels of glucose intolerance 

(24), the relationship between büth weight/macrosomia and impaired glucose tolerance 



(IGT) was also explored. IGT was definec! as one abnoxmal value on the 100 g 3-h oral 

glucose tolerance test (24). Gestational age at delivery was based on reported 1 s t  normal 

menstmal period if it agreed within 1 week of ultrasound dating done between 16-20 weeks 

(25); in cases of disagreement >I  week, the latter estimate was used. Weekly rate of net 

weight gain during pregnancy was calculated as [last recorded weight before delivery (kg)- 

prepvid  weight (kg)-infant birth weight (kg)] / gestational duration (wk). Body mass index 

(BMI) was calculated as pregravid weight (kg)/height (m2). Obesity in this study was de fïned 

as pregravid weight >77 kg because of the large number of missing heights. This cut-off 

corresponds with a BMI of 29 k#m2 for a woman of average stature (1.6 m for b th  Cree and 

non-Native women), recomrnended as the obesity cut-off by the Institute of Medicine (26). 

A woman was classified as a smoker if she reported any smoking during pregnancy. 

Pregravid weight information for Cree women was based on materna1 recall(35.6Yo) 

(if within 5 kg of measured weight up to 10 weeks gestation or withui 7 kg of rneasured 

weight between 10-20 weeks gestation) or the first available weight up to 20 weeks gestation 

(64.4OA). Height was either measured (64.3%) or based on matemal report at booking 

(35.7%). Information on parity and smoking status was based on matemal report. 

Information on diet and physical activity pattems during pregnancy was available for a 

subset of Cree women (n=152) who participated in a nutrition intervention study (July 1995- 

Iune 1997). Energy and other macronutrient intakes were estimated from a suigle 24-h recail 

at a mean gestational age of 27 I 4 weeks. Nutrient analysis was based on Food Professor 

II, Version 5 .O3 (ESHA Research, Salem, Oregon, USA). Physical activity patterns were 

detemined h m  a questionnaire administered at the time of the 24-h recall and were used 

to categonze women into sedentary or active, based on frequency of participation in various 

activities (27). In the non-Native sample (MOND), infomation on p r e p G d  weight, height, 

parity and smoking status was based on matemal reports at hospital booking. No infomation 

on diet or physical activity pattems was available from this database. 

5.3.3 Inclusion criteria 

Only singleton live births were used in the analyses. In addition, the following 



exclusion critena were applied to both populations: pretem biRhs (07 weeks), 

pregestational diabetes and glucocorticoid therapy. Further, high-risk r e f d s  h m  other 

hospitals and womm bom outside North Arnerica and Europe were excluded h m  MOND 

to ensure a sample with a large Caucasian majority. Extreme outliers for weight gain during 

pregnancy were identified and eliminated using a method described by Tukey (28). As there 

were only 2 women with a low BMI ( 4 9 . 8  kg/m2) among the Cree, women with a BMI 

4 9 . 8  kg/m2 were excluded from both sarnples to make them more comparable. 

5.3.4 Sample size 

Of the 68 1 births among the Cree, 475 met the inclusion criteria. Missing data for the 

following variables decrrased the sample size further: parity (n=l), p r e p v i d  weight (n=79). 

smoking status (n=1 O), and height (n=133). This resulted in a final sample of 385 Cree 

pregnancies with complete information except height or 252 pregnancies with al1 information 

including height. Women in the Cree subset with infonnation on diet and physical activity 

patterns (n=152) were sirnilar in age, parity, pregravid weight, height, pregnancy weight 

gain, and smoking status to women in the entire Cree sample with complete data (n=385). 

Of the 20,982 births in the MOND, 12,353 met the inclusion criteria. Of these 

information was missing on pregravid weight for 5833, weight gain on 769, smoking status 

on 107, and height on 1306. This resuited in a final sample of 5644 MOND pregnancies 

without missing data for al1 variables except height and 4338 pregnancies with information 

on al1 variables including height. 

5.3.5 Statistical analyses 

Predictors ofboth birth weight and macrosomia were assessed in this s t~dy .  Because 

height is ofien not recorded in prenatal files, we initially ran the analyses without height and 

BMI. Al1 analyses were also rerun substituting height and BMI for pregravid weight (n=4338 

non-Natives, n=252 Cree). Analyses were also repeated aAer restricting the data to the most 

recent pregnancy for each woman with more than one pregnancy during the shidy p e n d  Of 

the 5644 pregnancies to non-Native women, 502 women had 2 pregnancies, 22 women had 



3 pregnancies and 2 women had 4 pregnancies between January 1990 to March 19%. Of the 

385 pregnancies among the Cree, 15 women had 2 pregnancies between January 1995- 

December 1996. The sample size in the anaiysis excluding repeat pregnancies was thus 5092 

non-Native and 370 Cree pregnancies. 

Student ' s independent t-test and chi-square tests were used to test group différences 

between continuous and categorical variables, respectively. Multiple logistic regression 

analysis was used to examine predictors of infant macrosomia and estimate adjusted odds 

ratios and 95% confidence intervals. The Breslow-Day test of homogeneity of odds ratios 

across ethnicity strata was used to explore interactions between ethnicity and other predictors 

of macrosomia. Multiple linear regression analysis was used to identify predictors of birth 

weight. The level of significance was set at ps0.05 to test for significance of predictors and 

detect interactions between predictors. Al1 analyses were conducted using the Statistical 

Analysis System (SAS, version 6.12, NC, USA). 

5.4 Results 

Materna1 characteristics were very difierent between the two ethnic groups: the Cree 

were younger (23.9 * 5.6 vs. 30.5 * 4.6 y, p<0.0001), more likely to be multiparous (42.6% 

vs. 16.1 %, p<0.00 l), obese (52.2% vs. 1 1.2%, p<0.001), and smokers (45.2% vs. 1 &O%, 

p<0.001), had higher rates of gestational diabetes (GDM) (1 1.7% vs. 4.8%, p<0.001), but 

gained less weight during pregnancy (12.3 * 6.4 vs. 14.9 I 5.1 kg, p<0.0001), and smoked 

fewer cigarettes per day on average (5 * 4 vs. 13 * 8 cigarettes for smokers, p<0.001), 

compared with non-Native women. Birth weight distributions of Cree and non-Native infants 

are presented in Figure 1. The distribution was shified to the nght for Cree infants; they were 

heavier than non-Native infants by 338 g on average (3859 * 519 g vs. 3521 * 450 g, 

p<0.0001). The groups had comparable gender distribution and length of gestation (39.7 * 
1.2 vs. 39.7 * 1.2 weeks, p= 0.78). 

Macrosomia prevalence defined altematively as birth weight >90h percentile for 

gestational age or absolute birth weight > 4 0 0  g or >4500 g was 34.3%, 37.4% and 11.4% 

respectively, among the C m  vs. 1 1.1 %, 13.6% and 1.8%, respectively, in the non-Native 



sample. Table 1 indicates the prevalence of infant macrosomia by matemal and infant 

characteristics, stratified by ethnicity. in univariate analysis, infant macrosomia among the 

Cree was more common among women who were taller, heavier, had GDM, had a longer 

gestation and did not smoke during pregnancy. Among non-Natives, infant macrosornia was 

more common among women who were older, multiparous, heavier, taller, had high weight 

gains and longer gestation, and were non-smokers. However, in almost al1 sirata of 

predictors, macrosomia was at least twice as high arnong Cree infants as among non-Native 

infants. The cesarean section rate among the Cree was not higher arnong macrosomic vs. 

non-macrosomic infants, whereas among the non-Natives, cesarean section rates were 

significantly associated with infant macrosomia (Table 1). The overall cesarean section rate 

for the Cree was significantly lower than non-Natives (1 5.7% vs. 20.8%, p4.02) .  

Independent predictors of macrosomia for Cree and non-Native women, in 

multivariate analyses, are presented in Table 2. Significant predictors of macrosomia among 

the Cree were pregravid weight, and GDM, whereas arnong non-Natives, age, multiparity, 

pregravid weight, and net rate of weight gain were positive predictors and smoking during 

pregnancy was a negative predictor. The odds ratios for most predictors were similar 

between the Cree and non-Natives given differences in statistical power, with the exception 

of GDM. 

Th risk for macrosomia associated with GDM was very elevated among Cree women 

and not elevated among non-Native women. This interaction between ethnicity and GDM 

is illustrated in Figure 2. Cree women with GDM were 4.5 times more likely to have 

macrosomic babies compared to their normoglycemic counterparts, whereas non-Native 

women with GDM in this sample had the same risk for infant macrosomia as nomogfycemic 

non-Native women. GDM was associated with an increased mean birth weight among the 

Cree (4185 I 492 g vs. 3501 * 476 g, p<0.0001) while this was not observed in non-Natives 

(3522 * 448 g vs. 3501 * 476 g, p4.48) .  hpaired glucose tolerance was not associated with 

an increased risk for macrosomia either among the Cree or non-Natives. Therefore, women 

with IGT were pooled with normoglycemic women in the analyses. 

Multiparity did not increase the nsk for macrosomia among Cree infants but had a 



significant effect among nomNative infants. Similarly, net rate of weight gain during 

pregnancy did not increase the nsk for macrosomia among the Cree but was an important 

predictor among the nomNatives (Table 2). When pregravid BMI and height were substituted 

for pregravid weight, a 5-unit increase in BMi increased the odds for macrosomia by a factor 

of 1-29 (95% CI: 1.03-1.65), while a 5-cm increase in height increased the odds for 

macrosornia by a factor of 1 A8 (95% CI: 1.13- 1.96) arnong the Cree. Among non-Natives, 

for an equivalent increase in BMI and height, the odds ratios for macrosomia were 1.66 (95% 

CI: 1.48-1 -86) and 1.35 (95% CI: 1.26-1.46), respectively. in al1 analyses performed, the 

results were very similar when macrosornia was defined as birth weight >4000 g or >4500 

g. When analyses were restricted to the most recent pregnancy among Cree (n=370) and non- 

Native women (n=5092), the results were similar (data not presented). In order to detamine 

the risk for infant macrosomia imparted by ethnicity (Cree vs. non-Native), multiple logistic 

regression analysis was performed, combining data for the two ethnic gmups and adjusting 

simultaneously for the effécts of matemal age, parity, pregravid weight, net weight gain, 

GDM status, gestational age, and smoking statu. The results are presented in Table 3. Mer 

controlling for the effeçts of the other risk factors, Cree infants were 3.6 times more likely 

to be macrosomic compared io non-Native infants. Multiple linear regression analysis using 

birth weight as the dependent variable confirmed this finding. In adjusted analyses, Cree 

infants were heavier than non-Native infants by 235 g on average (3763 * 25 g vs. 3528 * 
5 g respectively, pc0.0001). Sirnilar results were obtained when B M  and height were 

substituted for pregravid weight in the analyses. 

The effect of matemal diet and physical activity during pregnancy on infant birth 

weight was evaluated for the Cree subset (n=152). Cree women consumed an average of 

1 1,460 k 3623 kl/day. The relative contributions of carbohydrate, fat and protein to the total 

energy intake were 52%, 32% and 16% respectively. Sedentary activity was reported by 

43.2% of Cree women. in univariate analyses in the Cree subset (n=152), BMI, height, 

gestational age at delivery, and GDM status were significant positive predicton of infant 

birth weight. Total energy intake, percent calories from individual macronutrients and 

physical activity were not statistically significant in univariate or multivariate analyses. 



5.5 Discussion 

The aim of this study was to understand why the prevalence of macrosomia is so 

elevated among the Cree women compared to Canadian non-Native wornen. The high 

prevalence of infant macrosomia among the Cree was not fully explaineci by di fferences in 

the distribution of factors that infiuence fetal growth, i.e. materna1 age, pregravid weight, 

height, gestational weight gain, gestational length, glycernic status, and smoking status. M e r  

accounting for ethnic differences in indicators for fetal growth, Cree infants weighed 235 g 

more than non-Native infants and were at least 3 times more likely to be macrosomic. Our 

results indicated a large difference in the importance of GDM as a risk factor for macrosomia 

between Cree and non-Native women. While the risk for macrosornia more than quadruplecl 

for Cree infants whose mothers had gestational diabetes (GDM), non-Native infants were not 

at increaseù risk for macrosomia regardless of matemal glycemic status. The prevalence of 

infant macrosomia among the Cree of 37.4% (birth weight >4000 g) is higher than that 

reported for different North Amencan Native groups (16-3 1%) (1 2-16) or any other ethnic 

group worldwide . 
Pregravid weight, height and GDM were independent predictors of macrosomia 

among the Cree. This is congruent with other reports in the Native literature (12- 16). Several 

studies among North American Native groups report an increased mean birth weight or 

macrosomia prevalence among women with GDM. Arnong the Pima Indians of Arizona (1 6), 

the prevalence of infant macrosomia (birth weight >9Oth percentile for gestational age) was 

much higher among women with GDM compared with women with normal glucose 

tolerance (44.4% vs. 17.4%). Similarly, among the Yup'ik Eskimos of Alaska, infants bom 

to women with GDM weighed 149 g more, on average, than infants of negative screenees 

(14). In a study among the Natives of Sioux-Lookout Zone, Ontario, Canada, the nsk for 

infant macrosomia (birth weight >4000 g) was higher arnong women with GDM on1 y if they 

had fasting hyperglycemia (1 2). 

Ethnic differences in the magnitude of effect of materna1 diabetes on infant birth 

weight have been reported between Afiican-Americans and Whites in the United States (29- 

30). In a recent study (29), matemal diabetes increased mean birth weight by 212 g among 



Afncan-American infants vs. 116 g arnong White infants after adjusting for the effects of 

matemal place of birth, age, ducation, parity, prenatal care, hypertension and gestational 

age. The odds ratio for infant macrosomia (birth weight >4000 g) was 2.98 (2.89-3.12) for 

Anlcan-American infants vs. 1.83 (1.78-1 3 9 )  for White infants. However, this finding may 

be due to ethnic differences in pregravid weight, which were not controlled in this study. 

This is plausible because the prevalence of obesity arnong AErican-American women is 

higher cornpared with US-Caucasian women (3 1 ), and obesity is a strong determinant ofboth 

diabetes (32) and infant macrosomia (33). The type of diabetes or treatment was not specified 

in the latter study. 

Our study is the first to report a significant interaction between ethnicity and GDM 

as a determinant of macrosomia in well-controlled analyses. We do not know the reason(s) 

for this ethnic difference in the impact of GDM on risk for macrosomia. One potential 

explanation may be difference in treatment strategies for GDM between the two ethnic 

groups. The literature on the effectiveness of GDM treatment in decreasing the incidence of 

macrosomia is equivocal and very few randomized trials have addresseci this issue (34-39). 

However, there is some evidence from observational studies that intensive management of 

GDM can decrease the risk for infant macrosomia (40-41). An earlier study at the hospital 

(RVH) fiom which our non-Native controls were denved, demonstrated that an intensive 

treatment regimen for GDM (including weekly monitoring of blood glucose levels by a 

multi-disciplinary team, home blood glucose monitoring, dietary and weight gain 

restrictions, and judicious use of insulin) was effective in nomalking birth weight through 

a reduction in gestational weight gain, and fasting and post-prandial glycemic levels (42). 

The average birth weight of infants born to women with GDM in the latter study was 3542 

g similar to that seen arnong Our non-Native women with GDM (3522 g). Another 

explanation may be differences in the severity of hyperglycemia between Cree and non- 

Native women with GDM. However, there is no perception of this by health practitioners in 

the Cree communities and in fact less Cree women with GDM were treated with insulin 

compared with non-Native women. 

Unlike non-Native women, multiparity, gestational weight gain and cigarette 



s r n o h g  did not affect infant birth weight arnong the Cree. The smailer sample size for the 

Cree may partly account for these differences. The lack of importance of gestational weight 

gain as an independent predictor of birth weight among the Cree may be related to the high 

average body weight among Cree women. Overweight women generally gain less weight 

during pregnancy and gestational weight gain among these women does not have an impact 

on birth weight to the same extent as among normal weight women (43). Smoking during 

pregnancy is reporteci to decrease birth weight by 150-200 g, the impact depending on the 

number of cigarettes smoked (44-45). Although a higher percentage of Cree women smoked 

cigarettes during pregnancy compared with non-Native women, the average number of 

cigarettes smoked per day was lower (5 vs. 13 cigarettes) and may explain why maternal 

smoking status did not influence birth weight among the Cree. 

The high mean birth weight of Cree infants compared to non-Native infants after 

controlling for differences in maternal and fetal indicators may reflect genetic differences in 

fetai growth. Despite their low socio-economic stahis, the Cree have a low birth weight 

( ~ 2 5 0 0  g) rate of only 2.6% (1 1) compared with 5.9% for the general Canadian population 

(46). The large size of Cree infants may reflect selective swival  of large healthy infants 

through a process of natural selection. 

A limitation of this study was the large reduction in sample size for Cree and non- 

Native women due to missing information on pregravid weight. However, most indicators 

were similar between nomNative women with missing information for pregravid weight 

(n=5833) and non-Native women with complete data (n=5644) with the exception that GDM 

prevalence was lower by 3.3% (p<0.001) in the former group. This difference is likely due 

to better follow-up and more complete medical records for women with GDM. Al1 

characteristics of Cree women with missing pregravid weight (n=79) were very similar to 

Cree women with complete data (n=385), with the exception of a minor difference in mean 

birth weight (3743 * 454 vs. 3859 * 5 19 g, p=O.OS). 

In conclusion, Cree infants are at a higher risk for infant macrosomia than non-Native 

infants even after adjusting for the effects of potential confounders. The risk is exacerbated 

by the hi& prevalence ofGDM and its impact on macrosomia among Cree women. The high 



average birth weight and risk for macrosomia among Cree women with GDM calls for a 

carehil evaluation of treatment strategies currently being used arnong the Cree and their 

effect on glycemic control. It remains to be determined whether the high prevalence of infant 

macrosomia among the Cree has any deleterious consequences in the short or long term. 
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Table 1 .  Matemal and Infant Charactenstics by Ethnicity and Percentage of Macrosomic* Infants in Each Category 

Cree non-Natives 

Variable N % % Macrosomic P value t N % % Macrosomic P value t 
Matemal age (y): 

<20 

20-25 

26-30 

30-35 

>35 

Parity : 

5 1 

2-4 

>4 

Pregravid weight (kg): 

4 9  

69- 7 7 

>77 





Glycemic Status: 

Normal 

IGT 

GDM 

Smoking: 

Y es 

No 

Gestational age (wk): 

37 

38 

39 

40 

41 

r 42 

Infant Sex: 

Male 

Female 



Type of Delivery: 

Vaginal 323 84.3 34.1 0.70 4473 79.3 10.0 0.001 

Cesarean section 60 15.7 36.7 1171 20.7 15.5 

* Macrosomia was deftned as birth weight >90th percentilc for gestational age and sex 

t P value from chi-square analyses within ethnic group 







CHAPTER 6 

SUMhlARY AND CONCLUSION 

The main motivation for this research was the high prionty for diabetes 

prevention assigned by the Canadian First Nations peoples, given the recent escalation in 

diabetes rates and associated complications arnong many Native populations in North 

America and world-wide (Harris et al 1997a, Daniel and Gamble 1995). This research 

addressed the paucity of information on perinatal health of indigenous peoples in Canada. 

Gestational diabetes mellitus (GDM) and infant macrosomia in a Canadian Native 

population (the James Bay Cree) were the focus of this investigation for two reasons: 

a) Studies in the general population indicate a high rate of progression to Type 2 

diabetes among women with GDM (Damm et al 1992, Kauhann et a1 1995, Kjos et al 

1995, Peters et al 1996, Sirnrnons 1 W6), and also an increased risk for adverse immediate 

(Hod et al 1991, Rey et al 1996, Adams et al 1998) and subsequent perhatal outcomes 

(Silvennan et al 1991, Pettitt et ai 1993, Rizzo et al 1991). Also, little infonnation is 

available on the epidemiology of GDM among Canadian Native women. 

b) Infant macrosomia is one of the undesirable outcomes of materna1 diabetes but 

may also be a consequence of other matemal factors such as obesity. The Cree of James 

Bay have the highest reported mean birth weight world-wide but the reasons for this have 

not been explored. 

The first study of this thesis was undertaken to estimate the prevalence of GDM 

among the James Bay Cree over a 2 y period (January 1995-December 1996) using 

standardized criteria. Results of this study indicated that Cree women had one of the 

highest prevalence rates of GDM reported for an Aboriginal group worldwide at 12.8%. 

The following reasons strengthen the accuracy of our prevalence estimate: the use of 

standardized cnteria for GDM diagnosis, the availability of screen or diagnostic test 

values for 88.5% of eligible Cree women in eastem James Bay, and the use of the 

positive predictive value of the screen to estimate likely cases of GDM among women 

with a positive screen who had no or incomplete information for laboratory values on the 

diagnostic test. Previous studies reporting GDM prevalence in di fferent North American 

Native groups may have underestimated the tme prevalence due to incomplete screening 



or failure to estimate cases of GDM among positive screenees who did not undergo the 

diagnostic test (Sugarman et al 1989, Livingston et al 1993, Benjamin et ai 1993, Murphy 

et al 1993, Harris et al 1997b, Pettitt et al 1994, Rith-Najarian et al 1996). It is possible 

that the prevalence of GDM among the Cree in our study may be overestimated due to 

two reasons: a) inclusion of some cases of Type 1 or 2 diabetes not detected prior to 

pregnancy; b) exclusion of pregnancies without any screen or OGTT values fkom the 

GDM estimate (n=75). In the first instance even if cases of GDM diagnosed in the first 

trimester (n=6) had been regarded as cases with pregestational diabetes and excluded, the 

prevalence estimate of GDM would have decreased by only 1 %. In the second instance if 

the 75 pregnancies with no screen or OGTT values were not excluded and were regarded 

as low nsk for GDM (O cases in 75 subjects), the prevalence estimate of GDM would 

decrease only by 1.5%. However, fiom Our data it appears that age, parity and pregravid 

body weight were not different between women screened and those not screened, 

decreasing the likelihood that non-screenees were more or l e s  susceptible to GDM than 

screenees. 

The second study of this thesis had dual objectives. The first was to identifL 

independent determinants of GDM among the Cree. Specifically, the nsk for GDM 

imparted by age, parity, body weight, height, previous GDM, prediagnostic rate of weight 

gain, smoking status, total energy intake, dietary macronutrients and physical activity 

prior to GDM diagnosis were determined in multivariate analyses. The second objective 

was to determine whether Cree women were at an elevated risk for GDM compared with 

non-Native women after accounting for differences in the distributions of major risk 

factors. Two approaches were used to control for these differences. The first approach 

involved statistical adjustment for the differences and the second method included 

fi-equency matching of Cree women with non-Native women for age and body weight. 

Independent nsk factors of GDM among the Cree were advanced age, pregavid 

ovenveight and previous GDM and were similar to those reported among women in the 

general North Amencan population (Dooley et al 1991, Berkowitz et al 1992, Domhorst 

et al 1992, Solomon et al 1997). In addition, low energy intake was also an independent 

risk factor and rnay be a marker for low physical activity among Cree women. A 

cornparison of risk for GDM between Cree and non-Native women revealed an 



interaction between ethnicity and pregravid weight. Only overweight Cree womm were 

at an increased r i t  for GDM compared with overweight non-Native women. This is the 

first shidy to report an interaction between ethnicity and body weight as a determinant of 

GDM. 

in the final study, a similar analytical frarnework was used to identify independent 

risk factors for infant macrosomia among the Cree and compare these with non-Native 

Canadian women. Our study confirmed that Cree infants indeed have one of the highest 

mean birth weight (3859 5 19 g) and macrosomia prevalence (34.3%) reported in the 

world. An analysis of the effects of age, parity, pregravid weight, height, gestational 

weight gain, GDM, smoking status, dietary intake of total energy and macronutrients and 

physical activity during pregnancy on risk for infant macrosomia revealed pregravid 

weight, height and GDM as the only important risk factors among the Cree. When these 

were compared to risk factors among the non-Nat ives, an important di fference was noted 

between Cree and non-Native women with regard to the impact of GDM on infant 

macrosomia. While GDM increased the risk for macrosomia 4.5-fold arnong the Cree, it 

had no effect arnong the non-Natives. Reports £iom several well-controlled studies on the 

effects of GDM on macrosomia are equivocal; some report no differences in rates of 

macrosornia between women with vs. without GDM (Okun et al 1997, Maresh et al 1989) 

while others report higher rates of macrosomia arnong women with GDM (Jang et al 

1997, Di Cianni et al 1996, Casey et al 1997). A likely explanation for differences across 

studies may be due to differences in stringency of glycemic control among women with 

GDM. The differential effect of GDM on macrosomia between Cree and non-Native 

women in our study may similarly reflect differences in the severity of hyperglycemia 

between Cree and non-Native women and/or di fferences in treatment modalities. This 

finding underscores the need to carefully evaluate existing treatment strategies for GDM 

among Cree women and optimize their glycemic levels in order to minimize the risk for 

infant macrosomia. 

Cree infants were heavier than non-Native infants by 235 g even after statistically 

adjusting for differences in the distribution of nsk factors for macrosomia between the 

Wo populations including GDM prevalence. This may reflect genetic differences in fetal 

growth. It is unceriain whether the high rate of macrosomia arnong the Cree is hamifil. 



Cesarean section rates were not elevated among Cree women compared with non-Native 

women and were not associated with macrosomia arnong Cree women. Other potential 

adverse outcomes associated with macrosomia were not evaluated in this study. 

In conclusion, this research has made a significant contribution to the existing 

Aboriginal literature by documenting the epidemiology of diabetes and infant 

macrosomia among the Cree of James Bay and providing insight into ethnic differences 

in GDM and macrosomia risk. Our documentation of a high prevalence of GDM arnong 

the Cree, the increased risk for GDM only among ovenveight Cree women and the 

exaggerated risk for macrosornia arnong Cree women with GDM, have important 

implications. They underscore the need to target pregravid ovenveight for GDM 

prevention among the Cree through culturally acceptable interventions including dietary 

modification and ways of  increasing physical activity . Also, existing treatrnent strategies 

for GDM arnong Cree women need to be reexarnined in light of the evidence that risk for 

infant macrosomia is greatly elevated among Cree women with GDM. Finally, this 

research has raised important questions, which can serve as a basis for future studies 

among the Cree. Specifically, the reasons why ovenveight Cree women are at an 

increased nsk for GDM compared with ovenveight non-Native women remain to be 

detennined. Potential reasons could be differences in diet, physical activity, percent body 

fat, or fat distribution and need to be examined in future well-controlled studies. Also, 

whether the increased prevalence of macrosomia arnong the Cree has any deleterious 

consequences in the short- or long-term remains to be detemined. 
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