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Abstract 

Nutritional Predictors of Infant Birthweight 
in Gestational Diabetes Mellitus (GDM) 

The predil'tore; 0:- birthweight (HW 1) ln normal pregnancy are weil established. The 

objectivee; of Ihls study wcrc to eharactenze and detennine prediclors of BWf among \\ omen 

diagno..ed wlth (mM. A cohort of 436 GOM full-term pregnancies (followed 1978 1989) were 

examined using dat.1 abstracted from the Royal Victoria Hospital Antenatal Diabetlc Cl mie 

l'harts and McGiIl Obstetric and Neonatal i}atabase. Women were treated with msulin and/or 

diet. Dielary trealment (mean 2047 kcaVd) significantly decreased the rate of weight grun and 

mean fasting plasma glucose (FR]). Regression analysis identified several predictors of BWT 

(",ean 3520 g): prepregnancy body mass, height, smoking, pre-diagnostic rate of weight gam. 

(.po. geslallonal age, infant gender, and length of trcalment. Stratification hy body mass 

indicaled that among non-obese women with GOM. FPG and length of treatment were not 

significant predictors of SWf. In conclusion, since women with nonnal pregravid mass and 

prediagnostic weight gain are al lower risk of high 8WT, these require consideration, in addition 

to plasma glucose criteria, when treating GDM. 



1 Résumé 

Les Prédicteurs Nutritionnels du Poids 
des Nouveaux-nés dans le Diabète Gestationnel (DG) 

Les facteurs permettant de prédire le poids de l'enfant à la naissance sont clairement 

définis pour la grossesse. L'objectif de cette étude était d'identifier les prédicteurs du poids des 

nouveaux-nés chez les femmes souffrant de diabète gestationnel. Les dossiers de 436 femmes 

diabétiques ayant eu une grossesse à teme (suivies de 1978-1989) sélectionnés panni ceux de 

la clinique de diabète prénatale de l'hopital Ro}al-Victoria et ceux de la banque de données en 

obstétrique et néonatalité de "Université McGilI ont été analysés dans cette étude. L'insuline 

et/ou la diète ont été les traitements utilisés pour assurer une grossesse normale chez ces femmes 

diabétiques. Le régime alimentaire (2047 KcaVjour en moyenne) a été associé à des baisses 

significatives du gain de poids et de la glycémie des femmes suivies. L'analyse de régression 

a permis d'identifier les prédicteurs du poids des nouveaux-nés (3520 g) suivants: l'indice de 

masse corporelle de la m~re avant la conception, la taille, l'usage du tabac, le gain de poids avant 

diagnostique de diabète, la glycémie, la durée de gestation. le sexe de l'enfant et la durée du 

traitement. Par contre, l'analyse des données en fonction de la masse corporelle des femmes 

indique que la glycémie et la durée du traitement ne sont plus de bons prédicteurs du poids du 

nouveau-né chez les femmes diabétiques de poids nonnal. En conclusion, cette étude démontre 

qu'il faut considmr le poids pré-gravide des femmes et le gain de poids précédant le diabète en 

plus du contrôle de la glycémie lors du diabète gestationnel, puisque ces variables sont associées 

à un moindre risque de surpoids des nouveaux-nés. 
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A. Introduction 

ln normal pregnancy many variahle" have been identified as predictors of i ntra uterine 

growth and <,uhsequent hirthweight. induding pregravid weight. weight gain and energy 

intake (Kramer 1987). Research related to factors influencing infant birthweight in 

gestational diabetlc pregnancy IS hmited primarily to the use of msulin and plasma glucose 

control. and more recently to maternai ObeSlty. Maternai obeslty rnay reflect an obese 

pregrnvld weight or excessive gestational welght gain or both. To date no comprehensive 

"tatlstical analysis has examined these factors in association with the Important confounding 

vanables in gestational diabetes mellitus (GDM). The need to identIfy independent 

prcdictors of birthweight in thls high-risk population and increase understanding of weight 

gain and glycemlc control in obese and non-obese ge~tational diabetes is important for the 

optimal management of GDM. 

B. Overview of Gestational Diabetes Mellitus 

B.I Definition of Gestationsl Diabetes Mellitus (GDM) 

Gestational diabetes mellitus (GDM) is defined as "glucose intolerance of variable severity 

with onset or recognition ln present pregnancy" (National Oiabetes Data Group INDDG) 

1 <n9). This definition applies regardless of whether or not insulin thernpy is required or 

the diabetes persists after pregnancy: it does not removf' the posslbility that carbohydrate 

intolemnce may have existed prior to pregnancy (American Diabetes Association 1985). 

B.2 ":pidemioloA)' of GDM 

Reports of pregnancies affected by GDM vary from < t to 12% (Sepe et al 1985, Hadden 

J985), aJthough many believe that the true prevalence lies between 1 and 5% (O'Sullivan 

and Mahan 1964. Hotlander 1988, Vaughan and Oakley 1986). Reasons for these 
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discrepancies have oeen postulatt'd in two main arca ... ~Ir .. tly. Ihere .ln: knO\\l1 prcdictor ... 

of GDM, including age. height. welght, race and panty. that IIltluenl.'c prevalence and vary 

from one population 10 another. l'he associations \\, hlch Illay l'xi '\t bl't\\'l'l'Il thl'';t' 

determmants. for example helween race and "tature ((lreen et al 1990) have not hecn 

explored and may lead 10 pockets of high 1I1cldence. Secondly. much controversy cxist<; III 

th.'! approaches to screelllng and definitions for diagnosls vary conslderably (Hadden 

1985). 

Women who develop GDM are slgmtieantly older, heavier. shorter and more 

parous than non-diabetJc controls (AI-Shawaf et al 1988, Sepe et al 19H5, Jacob"on ct al 

1989, Mares\1 et al 1989). Green et al ( 1990) examllled the ethme variation of (JDM ln 

3336 womp..1 111 a ullIversal screening program and found a slglllfieantly higher prevalence 

among Chinese (7.3%) and Hispanie (4.2%) women than in black ( 1.7%) and non

Hispanie whIte (1 6%), after controlling for age. height and welght Diagnosls of nDM 

was also high in the Filipma, PacIfie Islander and MIddle r...astem women, but the sample 

slze of these groups wa~ not large enough to draw conclusions. O'Sulllvan and Mahan 

(1964) estabhshed an 1I1cidence of 2% and reported no difference in mcidenee hl'Iwccn the 

60% non-Hispanie whIte and 40% black urban population whlch they studled Pcttlt and 

coworkers (1980) studied the Pima Indians, who have an incIdence of GDM ncarly 40 

times that of the population described by O'Sullivan and Mahan (1964). Ma<;sJOn ct al 

( 1987) found 6.1 % of the Navajo Indlans (Arizona) to have GDM. 

Another factor which influences the appearance of GDM is a past history of GDM. 

Reports of GDM recurring in subsequent pregnancies range from 6()O/o <Philipson and 

Super 1989) to 90% (Hollander 1988) of women. 

The problems of ascertaining the true prevalence of GDM have been dlsclIs<;cd at 

tength in the literature (Sepe et al 1985, Green et al 1990, Hadden et al 1985, HunIer ami 

Keirse 1989, Ales et al 1989). Since umversal screening for GDM, as recommended (AnA 

t985), is not practiced ubiquitously many studie'i introduce a selection blas through the 

inclusion of only high-risk patients, not repreSt~ntative of the population (Green et al 19(0). 

The most predominant concem however is the international disagreement on the most 

appropriate diagnostic criteria for diabetes in pregnancy. The criteria for GDM "creemng 
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and diagnostic tests will be expanded upon in the next section. 

8.3 Screening and Diagnosis 

ln the past, women have been identified as candidates for the glucose screening test for 

GDM on the basis of the physicians' identification of ri sk factors and markers which 

include: family history of diabetes in a first degree relative, previous stillbirth or 

spontaneous miscarriage, maternai obesity, advanced maternai age, a parity of 5 or more, a 

pa st history of GDM, or & large-for-gestational-age felus, glueosuria, polyuria, polydipsia, 

(Hollander 1988, Hollingsworth 1985, 81umenthal et al 1987). However, Many studies 

have shown that only one-lhird lo one-half of gestational diabeties will he detected if 

screening is done on the basis of risk factors alone (Massion et al. 1987, Lavin 1985). 

Consequently the American Diabetes Association (ADA 1985) recommends uni versai 

screening of all pregnant women hetween the 24th and 28th week of gestation for the 

deteetion of abnonnal carbohydrate tolerance. Implementation of the recommendation for 

universal screeniog of pregnant women varies among physicians. Indeed sorne 

praetitioners are against sending ail thcir patients for a glucose screening test and argue that 

evidence supporting this practice IS weak (Ales et al. 1989, Hunter and Kelfse 1989). 

The glucose screening test (GST) involves ingesting a 5O-gram carbohydrate load at 

any time during the day and measuring the plasma glucose level one hour later. A value 

greater than or equal to 7.8 mmollL (140 mg/dL) indicates the need for the mil diagnostic 

test, known as the oral glucose tolerance test (OGTf) (ADA 1985). After studying the 

OST n'sults of gestational diabetics and non-diahetics, which were taken on two 

consecutive days, Sacks et al. (1989) suggested that women with values grtater than 

.5.3mmoI/L (95mgldL) should he tested again. particularly if risk factors are present. 

The OGlT requires tbree days of unrestricted diet (with a minimum of 150 g of 

carbohydrate per day) followed by an ovemight fast, and is then performed by the 

administration of a 1000gram glucose load. Plasma glucose is measured at fasting. one, 

two. and three hours post-glucose administration. and should he less than the OGTI values 

shown below (ADA 1985), aecording to the National Diabetes Diagnostic Group (NDDG), 

whoadapted them from the criteria ofO'Sullivan and Mahan (1964). 
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Time Plasma Glucose Value 
Fasting 5.8 mmollL ( 105 mg/dU 

One hour 10.6 mmol/L (190 mg/dU 
Two hour 9.2 mmollL ( 165 mg/dU 

Three ho ur 8.1 mmollL ( 145 mg/dL) 

If two or more of these levels are reached or exceeded detinitive diagnosis is made and the 

patient is usually referred to an antenatal diabetic clioic for intensive treatment and follow

up. There are pmctitioners who advocate that women with one abnormal OGT)' value 

(Langer, Anayaegbunam. et al 1989) or a normal OGTf after an abnormal glucose ')creen 

(Tallarigo et al 1(86) are at an elevated risk of adverse perinatal outcome, and therefore 

would benefit from a diabetic regimen as weil. 

Criteria for diagnosis have also been developed by the NIH-NDDG, the WHO. the 

European Association for the Study of Diabetes, ail of which have been described 

elsewhere (Evans et al 1987, Harris 1988). Many European countries. however continue 

to use the World Health Organization (WHO) criteria which involves a 75-grdm glucose 

loading test for both pregnant and non-pregnant individuals. while most North American 

centres use the 1000gram glucose load values developed by O'Sullivan and Mahan (1964). 

At the Second International Workshop-Conference on GOM held in 1985, consensus was 

reached to adapt the criteria of O'Sullivan and Mahan (ADA 1985). Although the 

O'Sullivan and Mahan study (1964) is used in North America, it has been criticized for 

many weaknesses and these will be discussed below. 

Q'Sullivan and Mahan aimed to define abnonnal gestational glucose tolentnce when 

they tested women, with the 3 hour glucose tolerance test described earlier, in their second 

and third trimester of pregnancy during the mid 1950's; they followed them by testing them 

annually (or eight years to determine who developed Type Il diabetes. Of the cohort who 

developed diabetes mellitus, 40% had 2 00". values 3 standard deviations above the 

mean, and 16% had 2 values 2 SD above the mean. These authors subsequently de(.'ided 

that 2 values 2 sn above the mean would catch the majority with abnormal glucose 

tolerance. 

Thus the origin of the abnonnal OG". is based on the appearance of subsequent 

diabetes. that is after pregnancy, not on the presence of GDM; therefore the diagnosis of 
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GDM was not based on a glucose tolerance level at which adverse pregnancy outcomes 

were observed (Hunter and Keirse 1989). Secondly the glucose levels were originally 

rneasured in whole blood using the outdated Somogyi-Nelson method. Sincf' plasma is 

now the preferred medium for measuring glucose, the NDDG (1979) attempted to convert 

the whole blood values to plasma values by applying a conversion factor of 15% (Schwartz 

and Brenner 1982). Naylor ( 1989) pointed out that due to rounding off of the converted 

numbers, the new criteria ranged from 13.8% to 16.7% above the original whole blood 

values. As weil the conversion factor is likely invalid for pregnancy given the 

physiological fall in hematocrit during gestation as blood volume increases 50%. Another 

drawback with the test is ifs reproducibility which Harlass et al. (1991) dernonstrated was 

78% of the time and recommended that the test be repeated when the I-hour value is 

abnormal or when the first three values are near the upper end of the nonnal range. 

Although the screening and diagnostic criteria are not perfect, adequate consensus 

has been reached in North America to continue to employ them until a better option is 

determined. There has been sorne discussion (ADA 1985) about a 75 g glucose load test to 

replace both the screening and the diagnostic test. However since much controversy still 

exists as to the actual criteria of glycemic levels that demarcate GDM, further research in 

this area is needed. 

8.4 PhysioloRY of GDM 

Pregnancy has often been referred to as a diabetogenic state due to altered metabolism 

which may manifest as varying degrees of carbobydrate intolerance in the latter half of 

gestation (Vaughan et al 1986). Early in normal pregnancy the rising estrogen and 

progesterone levels stimulate beta-cell hyperplasia and consequently increase insulin 

release. Fasting plasma glucose (FPG) drops approximately 10% by mid to late tirst 

trimester, as peripheraJ glucose utilization is enhanced (Hollingsworth 1985). The fetal 

drain on maternai glucose at tbis stage in pregnancy cao account for only part of this 

reduced FPG: much of the glucose is being used for maternai glycogen storage. Upid 

st orage is also predominant during the first half of pregnancy, since the hormonal changes 

al50 stimulate fat synthesis and fat cell hypertrophy, and inhibit lipolysis (Hollingsworth 
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1985). These anabolic changes in metabolism result in signiticant maternai rnergy storage 

over the tirst twenty weeks of gestation. 

ln the second half of normal pregnancy. the increasing plal'elllai production of 

human chorionic somatomammotropm (hCS), as well as other homlOnes (prolactin. 

cortisol and glucagon) cause the catabolism of glycogen and hpld stores. These honnonal 

changes al50 create a moderate, but normal amount of insulin resistance, such that more 

insulin is required to maintain euglycemia. Insulin production increases ID tandem \Vith the 

growth of the concept us. The metabolic responses before and after meals are exaggernted 

compared to the non-gravid state, and are referred to as accelerated star\'ation and facllitated 

anabolism respectively (Freinkel 198), Buchanan et al 1985). If hCS cannot stimulate 

adequate insulin release, or when the maternai system has insufficient insulin reserves, 

impaired glucose tolerance will result (Hollingsworth 1(85). The degree of carbohydrnte 

intolerance depends on the extent to which the beta-cells satisfy the need for msulin. 

If glucose intolerance is diagnosed during pregnancy, the oscillating insulin and 

nutrient responses pre- and post-prandially require consideration for management 

strategies. In the fasted state, the fetus continues to draw on the maternai circlliating 

glucose and glllconeogenic substrates; as blood glucose drops the maternaI system is 

stîmulated to mobilize lipid stores for energy, and this results in increased plasma 

nonesterified fatty acids and ketone bodies (Evans et al 1987, Vaughan et al 1986). In the 

fed state maternai plasma glucose, amino acids and fatty acids rise ahove nonnal 

postprandiallevels. providing a surplus of fuels 10 the fetus. 

B.5 Ma_ement of GDM 

The alteration in pathophysiology of the woman who develops GDM provide the basis for 

therapeutic approaches. The goals of GDM management are: to normalize met aboli sm as 

much as possible; and to provide adequate, but not excessive nutrition to the mother and 

fetus. and hence to optimize neonatal outcome. These goals are achieved al many centres 

by intensive antepartum monitoring of mother and fetus. in cornbination with diet and 

possibly insulin therapy. 
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B.~.I Monitoring 

Inlcn.,lvc JI1ollltormg mvolve,> lhree fundamental components: strict metabolic control (daily 

mea-.urcc;; 01 lInnary glul'oc;;c and ketones. weekly mensures of fasting and post-prandial 

pla.,mil glllco~e): frcquent nntepartllm maternai and fetal surveillance (weekly fetal 

mOnitoring wilh non-stre~s lc~t, llltrac;ound intermittently to assess fetal growth, amniotic 

flUld .,tatus and any developmental abnomlalities): and a team approach toward patient care 

(evaluation and follow-up by a nurse, d.etitian, perinatologist and endocnnologlst) 

( Buchanan et al 1985, Hollander 1(88). Indeed the intensity of such protocols varies 

hctwcell hcalth centres. 

B.5.2 Diet Therapy 

The undcrlying premise of diet therapy has been aimed at glycemic control through 

regulalion of quantity and qllality of carbohydrate intake. Sorne authors suggest that not 

less than 200 g of carbohydrate is distributed over 3 meals and 2 to 3 snacks, while 

avoldancc of simple carbohydrates is encollraged (Hollander 1988, Vaughan and OakJey 

1986, Buchanan el al 1985). Breakfast should be small in volume and low in carbohydrate 

since carly morning glucose intolerance is severe (Hollander 1988). The guidelines for 

cnergy intake during normal pregnancy are weil established (Health and Welfare 1987), 

however there is liUle consensus on requirements for the gestational diabetlc pregnancy. 

The Jovanovic Approach (Jovanovic and Peterson 1980) was developed for insulin

dependent diabetics who become pregnant and it has been adapted for the GDM population 

by sOllle centers, including the clinic which this study represents; it suggests the 

distribution of carbohydrate and energy by a pattern of fractions of 18, as shown below. 

Time 

8:00am 
10:30 am 
12:00 pm 
3:00pm 
5:00pm 
8:00pm 

Il:00 pm 

Meal 

Breakfast 
Snack 
Lunch 
Snack 
Supper 
Snack 
Snack 

Fraction of 
daily requirement 

2/18 
1118 
5118 
2/18 
5118 
2/18 
1/18 
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Prescibed energy levels based on ideal body weight have been reported fmm a minmmm of 

25 kcal/kg (Jacobson el al l(89) 10 a max.imum of 38 kcallkg (Buchanan et al 19H5. 

Vaughan et al 1986). Energy levels have nlso been pres('nbed hased on al'tual hody \\l'Ighl 

of women wilh GDM. such as 25 kcal/kg for obese (Algert el al 1(85) and 36 kcal/kg for 

lean (L1nger et al 1(89). Adashi and co-workers (1979) IIlslruct IROO calories IIlllially 

with an increment only if ketonuria is present. Maresh and colleagues (1989) reported dll'ts 

of only 1500 caiories for their obese patients and I~ for their non-ohese gcstalional 

diabetics. Many authors have suggested that energy restricted diets may be apppmpnate for 

obese GDM (Hollander 1988, Buchanan et al. 1990), but concem abolit the ketogenic 

effeets of such restrictions has hampered commitment to this recommendation by most 

(Edwards et al. 1978, ADA 1985, Vaughn and Oakley 1986). 

Sorne studies mention that a diet was instructed by the c1inic diehtian, however only 

a few describe the composition and timing of the actual diet consumed, and how dietary 

compliance was measured, if at ail. Lack of ri gour in this area of diabelic management may 

account for the absence of well-designed research which evaluates 'he impact Ihal diet 

therapy during GDM Olay have on pregnancy outcome, particularly blrthweighl. 

R.S.l Maternai weight gaiD 

Restrictions on maternaI weight gain during nonnal pregnancy has been associated with an 

increased risk of low birthweight and neurologieal impainnent (Singer, 19(8) prompting 

the Cornrnittee on Maternai Nutrition of the National Academy of Sciences to inerease the 

weight gain recommendation for normal pregnancies to 10 to 13 kg. Since 1971, 

physicians have been wamed that limiting a mother's gestational w~ight gain may he 

dangerous to the fetus. The c1inical application of these recommendations to the gestational 

diabetic is confusing. 

Numerous antenatal diabetic centres daim to encourage the continuance of normal 

weight gain, but rarely report on the post-diagnostic weight changes which are likel}' 10 

result from diets for diabetes of restricted energy levels. Hollander (1988) reported thal the 

extreme energy restrictions impleme.!ted at her clinic for GDM resulted in many patienls 

failing to achieve adequate weight gain for 1 to 2 weeks after commencing trnalment. Sorne 
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recommended absolutely no weight gain (Maresh et al. 1989,) while others demonstrated 

(hat energy restriction for glycemic control and/or the prevention of large-for-gestational

age habies, lan lead to small-for-gestational-age babies (Langer et al 1989) in the 

ge<itational diabetic.The rate of weight gain post-diagnosis has recelved liule attention as a 

management strategy for the control of fetal growth, although man y studies have 

recognized that an excessive rate of maternai weight gain likely contributes significantly to 

the development of large babies of women with GDM. 

B.~.4 Insulin Therapy 

Many centres employ the recommendations of the Second International Workshop

Conference on Gestational Diabetes Mellitus which indicates the initiation of insulin therapy 

for the GDM when fasting plasma glucose (FPG) levels are consistently ~ 5.8 mmollL 

( 105mg/dL) or when the 2 hour postprandial plasma glucose (PG) is ~ 6.7 mmol/L (120 

mg/dl) (ADA 1985). Sorne studies reported stricter criteria for insulin therapy, with FPG 

> 5.3 (95 mg/dL) (Langer, Anyaegbunam et al 1(89), while others have more lax values of 

FPG> 6.0 (108 'llgldL) (Maresh et al. 1989). Roversi et al. (1979) employed a protocol 

of giving ail GDM patients the maximum tolerated dose of insulin until signs of 

hypoglycemia appeared. 

Controversy persists over the use of prophylactic insulin tberapy for ail GDM to 

reduce neonatal rnorbidity, particularly the morbidity believed to be associated with 

macrosomic (~g) infants (Coustan and Lewis 1978, Coustan and Imrab 1984, Leikan 

et al 1987, Thompson et al 1990). However as Kalkhoff (1985) discussed, before 

practices such as propb)'lactic insulin are implemented, the role of diet, maternai obesity, 

and weight gain during pregnancy need to be evaluated in research which simultaneously 

examines the efJects of insulin and diet therapy on pregnanc)' outcome. 

c. Consequences of Gestational Diabetes Mellitus 

The purpose of screening. diagnosing and treating patients for GDM is ultimately to reduce 

the incidence of perinatal morbidity and mortality. The most frequent adverse outcome of 
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GDM is believed to he macrosomia. or exce<;sive growth resulting in a hirth\\'eighl of ~lOO 

grams or more (Orexel el al. 1988. Philipson el al. 1989). Howevcr other outcornes nI' 

concern include congenital anomalies: birth tmuma for the mnther and inf:ml (l 'ollstan and 

Imrah 1984); neonatal hypoglycemia. hyperbilimhinemia. hypocalcemla: and rc<;piralory 

distress syndrome (Jacobson et al. 1989, Maresh et al. 1(89). The consequencl's 01 (lDM 

for the fetus. neonate and mother will be discussed. 

C.l Fetal Consequences 

Intrauterine growth in GDM is thought to he affected by abnonnallevels of nutnenls The 

Pedersen hypothesis (Pedersen 1954) of macrosomic growth late in pregnancy propo~ .. 

that maternaI hyperglycemia. due tu poorty controlled GDM. leads to felal hyperglycemia 

whkh trigger fetal heta-cell hyperpllJ-iia, smce maternai insulin cannot cross the placenta 10 

the fetus. Subsequent retal hyperinsulinism causes increased glucose uhlization, whlch 

results in excessive fetal growth (Evans et al (987). Freinkel (1980) moditied Pcdersen'r, 

hypotbesis to include the contribution of excess ami no acids and lipids, as weil as glul'Ose. 

to the fetal growtb in GDM, which aceelerates beyond the normal rate. Hollingsworth 

(1985) suggested that ev en the mildest form of GDM gives rise to above normal circlllaling 

leve)s of glucose, proteins and lipids, which are transported to the fetus and may conlrih1l1e 

to accelerated growth. 

Among poorty-controlled pregestational insulin-dependenl diabetics, congenital 

malformations can occur during ernbryogenesis, whicb is complete by week 7 of gestation; 

possibly due to the teratogenic effeet of glucose and/or ketones, but not insulin, 

(Blurnenthal et al 1987). There is linle agreement on the prevalence of congenital defects 

among infants born to GDM mothers; many researchers argue that GDM does not manifec;t 

until the late second or early tbird trimester and hence congenital aIl' 'maties are not a 

significant phenomena; while others daim that early metabolic disturbances of GDM cause 

an elevated incidence. Sorne have reported the rates of congenital anomaJies to be elevated 

(fallarigo et al. 1986, Moisted-Pedersen et al. 19tJ>, Lavin et al. 1983) and in sorne studies 
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mteOi wt"re not dissimilar to rates of congenital malfonnations among insulin dependent 

diahetic'i (Plehwe et al 1(84) Chung and Myrianthopoulous ( 1975) showed in a well

de'iigned study that there is not an elevated risk of congenital anomaly in GDM: a finding 

Ihal wa'i 'iupported bya recent prospective '5tudy (Jacobsen et al. 1(89) and others (AI

Shawaf et al. 1988, Sepe et al. 1985). In faet, Sepe (1985) found GOM to be a proteetive 

factor for anomalies. 

ln the fasting state a gestational diabetic is more prone to ketosis than a nonnal 

pregnant or non-pregnant woman. Ketone bodies arise from lipid eatabolism and readily 

cross tht> placenta to be used by the fetus as an oxidative fuel (Leturque et al. 1989, Adam 

et al. 1975), Many still hold the belief that fetal exposure to ketone bodies during gestation 

l'an impair intelleetual development of the infant (Freinkel 198), Rizzo et al. 19(1). The 

original eVldence of this effeet from the renowned snldy of Churchill and Berendes (1969) 

is unsubstantiated and disputed by others (Naeye and Chez 1981). Evidence suggests that 

kelosis may be harmful during organogenesis (Freinkel et al. 1986), but not 

counterproductive to fetal growth and d" ... elopment in the third trimester (Robinson et al. 

1980. Shambaugh 1985). There is a lack of well-designed long-term studies to assess the 

impact of gestational ketosis on the child of the (gestational) diahetic. 

Severe GDM may appear in the first ha If of pregnancy and require insulin therapy 

immediately; it IS believed that this form may represent the manifestation of pre-existing 

diabetes Oiince Il heightens the risk~ of consequences for the fetus. These consequences 

include intrauterine fetal death, which may he caused by ketoacidosis unless treated 

promptly; fetal hypoglycemia, related to fetal hyperinsulinism or maternai hypoglycemia; 

and placental insufficiency (Buchanan et al. 1985, Blumenthal and Abdul-Karim 1987). 

C.2 Neo..... Conseque.ces 

Neonatal consequences are less evident than once thought, possibly due to better treatment 

or the inclusion and follow-up of less severe GDM. Many studies have reported that GDM 

pregnancies have a significant inrrea:re 10 incidence of macrosomia, defined as birth weight 

~ 4O(X) g and of large-for-gestational-age. defined as LGA ie ~ 90th percentile infants 

(Maresh et al. 1989, Langer et al. 1986, Jacobson et al. 1989). j\ study by Philipson and 
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coworkers ( 1(89) indicated that women wlth GDM have hl"a\'ler lOfant.,. bllt \\ Ithuut 

significant morbidlty: 10 addition they reported that macroo;onuil \\ ao; <;Igmtïcantly a ..... (x·mll·d 

with older, obese women whose GOM \\as treatl'd wlth 1J\<;1I111l 

The concem over hlgher birthweight 1<; the gre,lkr no;k of hlrth trauma and rl'latl'd 

complications. However the associatIOn ~tween exce., .. morbldlt~ and blrth"'l'Ight dl)l'<; 

not appear until birthweights reach 4500 g (Ale .. and Santim 19R9) Spl'Ilacy et al (1~5) 

reported only 5% of infants with birthwelght over 4~ g wer" bom to (,DM, Whill' the 

background incidence (among women without GDM) of infant .. o\'er ~."i()O g 1 .. 1 7~, 

Although macrosomia is believed to he the hall mark of GDM, GDM OCCLU'" le .. ., frequently 

than other factors found to be predictors of macrosomia (Royd et al. 1 <)Rl). Thl'Sl' f ",-'or .. 
include high prepregnancy weight, excessive welght gain and posttenn date .. (Royd et al. 

1983, Spellacy et al. 1(85). 

Shoulder dystocia may result from macrosomta and cause fractured hones or 

peripheraJ nerve damage such as Erb's Paisy. Reports of incidence in the general 

population range hetween 0.3% (AI-Najashi et al. 1<.189. Acker et al. 19R5) and 13% (Cyr 

et al. 1984), while in the GDM population estimates of shoulder dY'itocia have neen 

reported from 0% (Jacobsen et al. 1989) to 15.7% (AI Najashl et al. 19R9). Keller amI 

colleagues (1991) recently reported that class A2 GDM (insulin-treated) did not have an 

increased the risk of dystocia and that aJmost one-half of the occurences were in infants 

<4000 g. 

Maternai hyperglycemia at term triggers fetal hyperinulinism whlch persists 

postnatally; subsequently glucose utilization exceeds hepatic gluconeogenesis. In the 

imrnediate postnatal period, high plasma insulin will 'iuppress hepatic production of glucose 

and the neonate rnay develop hypoglycemia. A!!t,ough hypoglycemia IS commonly named 

as a condition frequently occurring among infants born to GDM mothers many studies have 

failed to find that it occurs at significant levels (Philipson et al. 1989, Drexel et al. 1(88), 

but sorne studies found significantly more hypoglycernia among GDM compared to non

diabetic controls (Jacobson and Cousins 1989). 

Hypocalcemia and hyperbilirubinemia are manifestations of immature organ 

function. There is a lower occurence when the infant is delivered after 37 weeks 
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Œ1umentha1 1987). Hunter and Keirse (1989) provided a critique of 4- studit"s comparing 

incidence of neonatal jaundlce in GDM and non-GDM and concluded that there is no 

eVldence thal infants of molhers wllh GOM are at increased risk 

Re~piralory dic;tress syndrome does not occur more often in mfants of GDM 

mOlher; (Philip ... on et al 1(89), nor has neonatal mortality been reported more frequently III 

GDM (For'ibach et al 1988, Drexel et al. 1988). 

ln 'iummary, the consequences of GDM for the neonate seem equivocal and may be 

sigmficant only when birthweight 154500 g or more. 

C.l Maternai Consequences 

ln a prr,3pective population-based study Jacobson and Cousins (1989) compared maternai 

(and infant) outcomes in GOM with non-diabetic controls; they found an increase in 

polyhydramnios and infectious complications related to repeat cesaerean section, but no 

other differences in frequency of pregnancy-induced hypertension, dystocia, preterm labor 

or pyelonephritis. In a comprehensive critique of the GDM literature Ales and Santini 

( 1989) reported that the research to date has not shown that a woman with GDM is at 

increased risk of morbidity. 

D. Predidors of Infant Dirth Weight 

0.1 latrodaetioD 

Intrauterine growth is affected by a multitude of factors, many of which have been weil 

researched in nonnal pregnancy. When assessing the effeet of an independent variable on 

a dependenl variable, such as maternai weight gain on infant bil1h weight. it is important to 

consider ail other variables which could affect this relationship. A hypothetical causal path, 

as shown in Figure 1 (adapted from IOM 1990), could be used to ilIustrate the 

epidemiological concepts involved. 

Determinants or predictors are defined as the etiologic factors in the causal path 
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Figure 1. Causal path of health outcomes 
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nOM 1990) and may either indirectly or dllectly cause the outcome or consequence. 

Health outcomes are often multlfactorial ln nature, such as infant birth weight which IS 

affected by many nUlntlonal (maternai weighl, die!) and non-nutritionaJ (race. infant se'\., 

<,moktng) vanablec;. Confounders may positively or negalively influence the effect of the 

determlOanl on the consequence (Last 1988), and Ihese vanables must he a detenninant of 

Ihe outcome, he assoclated (wllhout implytng causality or directionahty) wlth the 

determinanl, and nol he on the causal path (lOM 1990). Confounders need to he controlled 

for in the 'ilatJstlcal analyses in order to obtain an undistorted estimate of the effect. Effect 

modifier .. are simlliar to confounders in that the y modify the effect of an exposure or 

determmant on an outcome by mcreasing or decreasing it: however they do not need to he 

associaled with the exposure. When applied to the issues surrounding weight gain and 

birth weight 10 gestationa! d:abett~s, the causal path may be illuslrated as shown in Figure 2. 

ln a recent paper, Kramer ( 1987) discussed the findings of a methodological 

assessment and meta-analysis of almosl 9(X) articles which studied birth weighl. Fort y

three potential delenninanlc; were identified and assessed for the existence and magnitude of 

effect on birth weight, in either a positive or a negative direction. The predictors of infant 

blrth weight which Kramer (1987) established as having a causal effeet on infant birth 

weight in normal pregnancy are listed below. 

Predictors which have a tausal effed on birthweight 
pregravid weight cigarette smoking 

maternai height socioeconomic status 

maternai birthweight racial/ethnie origin 

maternai weight gain 

maternai age 

parity 

episodie illness 

prior low birthweight infant 

infant sex 

For example, women of greater stature have heavier infants. Women who had a low birth 

weight themselves have lighter infants. Also male infants have higher birth weight and a 

lower risk of intrauterine growth retardation. A number of these maternai variables are 50 

weil understood lbat their effeet on birth weigbt can he calculated in increments per unit. 
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Figure 2. Hypothetical causal patb for birtbweight in GDM 
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Maternai variable 
Weight gain (kg) 
Pregravid weight (kg) 
Maternai Height (cm) 

Multiparity (multi vs primi) 
Smoking (cig/day) 

Increment of birthweight per unit 
+ 21 grams 
+ 9.5 grams 
+ 7.8 grams 

+ 82.7 grams 
- 12 grams 
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As listed above, a well-nourished woman with an uncomplicated pregnancy will increase 

hirthweight by about 21 grams for each kilogram of weight she gains (Kramer 1987, 

Anderson 1984, Rush 1970). As weil, cigarettes have a negative effect: for every cigarette 

smoked per day throughout pregnancy there is a decrement in birth weight of about 12 

grams. Thus a woman who smokes a pack of cigarettes per day will deliver an infant (25 

cig x 12 g) 300 grams lighter than if she hadn 't smoked, everything being equal (Kramer 

1987). These predictors apply to singleton pregnancies free of complicating conditions 

such as diabetes mellitus. 

D.l Nutritional Predidors 01 Infant Birthweillht 

D .1. 1 WeiRht Iain 

Infant birthweight is the major indicator of perinatal morbidity and mortality, and gestational 

weight gain is the primary predictor of infant birthweigbt (Williams et al. 1(82). It was the 

high rate of low birthweight and associated perinatalloss prior to 1970, which prompted 

the Committee on Maternai Nutrition of the National Academy of Sciences to increase the 

weight gain recommendations for normal pregnancies (Committee on Maternai Nutrition 

1970). Alter 1971, physicians were advised to counsel their patients to "eat to appetite" 

and gain at lcast 24 pounds (Il kg). These recommendations applied regardless of 

prepregnancy weight status; so the question remained: was a gestational weigbt gain of 24 

pounds appropriate for overweight and underweight women? 

It was not until ten years later that studies started to answer this question. Naeye 

( 1979) studied approximately 44,500 cases which were followed prospectively from 1959 
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to 1966, to detennine the relationship of pregravld \\eight "tatus and \H'lght gain tn 

pregancy outcome. MaternaI weight gams which mmimi7ed fctal and neonatal death!. Wl're 

detined as 30 lbs for undemelght. 20 lbs for nomlal \\cight. and Ih lho; for 0\ cm cight 

women. Perinatal mortality rates were clevated for the three weight ,,:att'gone .. when 

women gained more or less than these optimum values. Howcvcr, pregnalll'y outCOI11Co; nI' 

the overweight women were less affected by variations ln weight gain than the women of 

olher weight groups. This study did not use lOfant blrth\\-eight as an outcome mea<;Ufl', hut 

it c\early demonstrated the Importance of maternaI prepregnancy wClght statns, an I!.Sllt' 

which attracted much more attention in the years to follow. 

Lookmg specifically at birthweight as the dependent variahle, sorne studies found a 

tinear relationship with weight gain for women of ail weight categories, whlle others found 

this relationship did not hold for obese women. In a comparison of]()() pregnancies 

hefore 1970 with 300 pregnancies after 1972, Gormlcan et al. ( 1(80) found that the latter 

group gained more weight (69% galOed >20 lbs) and were delivered of infants wlth 

significantly higher mean birthweights. When the two groups were combined and stratitied 

fOT pTepregnancy weight status into underweight «900/(1 of the standard according to Ihe 

Metropolitan Life Insurance Company standards (MU 19.59) of weight for helght status ), 

normal weight (90 to 120%), and overwelght (> 120%), the authors found a linear 

relationship between weight gain and birthweight among ail three groups. llnfortunately 

the analyses did not control for gestationallength. maternai age, !>moking, mec, 

socioeconomic status or infant sex. 

Olher studies demonstrated thatthe association between weight gain and 

birthweight diminished as pregravid weight increased (Rosso 198.5. Abrams and Laros 

1986, Brown et al. 1986. Mitchell and Lerner 1989). Abrams and L.1roS (1<)86) examtned 

2946 pregnant women and stratified the sample into four categories according to MU 

standards of prepregnancy weight-for-height. 

The Institiute of Medicine (iOM 1990) developed and recommended stratification of 

maternai weight according to prepregnancy body mass index: lhesc st rata correspond to the 

MU standards of prepregnancy weight-for-height as listed below. 
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Classification of maternai prepregnancy weight-for-height status 
Weight for height DMI 19S9 MIJ, % 

lJnderwclght < 19.8 <91 

Normal wClght 19.8 to 26.0 91 to 120 

( )verwcight > 26 to 29.0 121 to 135 

Obcse > 29.0 > 135 

Thc result" of the multiple regression analysis. which adjusted for gestational length. 

maternai age. race, parity, weight gain, socioeconomic status, and smoking. indicated that 

hoth prcgravid body mass and weight gain significantly inlluenced birthweight for the 

undcrweight . Ideal \\oeight and moderately overweight women; but for obese women 

weight gain dld not influence infant birthweight. The women in the study of Abrams and 

L.uos (1986) were mainly middle c1ass, but similar results were later found in a lower c1ass 

sample ofwomen (Frentzen et al. 1988). 

The incidence of macrosornia increases as maternai weight increases. When 

macrosomia was defined as a birthweight greater than 4500 g, it was reported that women 

with pregravid weights greater than 90 kg (Spellacy et al. 1985) or greater than 115% of 

IBW (Mondanlou et al. 1980) had significantly more macrosomic infants. When defined as 

a birthwcight of more than 4000 g. macrosomia occurred 1.5 102 limes more in women 

with pregravid weights above 70 kg. or weight gains above 20 kg, and heights above 169 

cm (p<.OOI) (Boyd et al. 1983). In very obese women (> 1.50%) the incidence of infants 

weighing more than 4000 g was 4times higher than in the non-obese controls (p<.OOI) 

(Edwards et al. 1978). 

Il is weil known that obese women have heavier babies, but it is nol weil 

understood how weight gain in obese women does not have a significant impact on 

hirthweight. As nutritional predictors of infant birthweight, prepregnancy weight and 

pregnancy weight gain aet independently, and it seems that the effect of obesity overrides 

that ofweight gain (Kliegman and Gross 1985). The physiological interactions ofthese 

nutritional predietors require investigation to provide insight into these relationships. ln 

the meantime, it appears that efforts to minimize weight gain in very overweight women 

during normal pregnancy may not reduce the risk of having a high birthweight baby, but it 

is likely helter for the mother given the associated risks of obesity in both the gravid and 
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non-grm id "tate. 

D .1.1 Pattern of weight gain 

The dassic patlem of gestational wright gain proposed hy Hyttl'n and I.l'Ilt'h ( 1(70) dOL'" 

not consider variation JO pregravld weight. In an attempt to JOl'orporate thl" variahle mlll 

recommendations of weight gain throughollt pregnanl'y. Ro"sn ( 1(85) dcvcloped a l'hart 

for patterns of weight gain after 12 \\-t'eks ge"tation. for womcn over ~o ~ l',U' ot ,lgl' and 

between 70 and 130% of their ideal hody welght (lBW). It indll:ate .. that \\-omen ,hould 

gain 20% of thelr IHW. unless they are grealer Ihan 100% and le"" Ihan 1301'1, nt mw: 
women JO this weight l'alegory are recommended to gain 7 kg at tenn. These patlems were 

based on the findings that welght gain during pregnancy sigmfÏcantly IIltlucnl'C" 

birthweight of infants whose mothers weigh 1 \0% or less of their IBW (Rosso 1(85). 

More recently. Lawton et al ( 1988) studied the effect of weight gam pattern on low 

birthweight and found the rate of welght gain between 28 to 32 week .. of gc<;tatlon to have 

particular significance in predicting low birthwelght in normal pregnaney. Welght gain 

patterns for twin pregnancy. whil'h fall off after 30 weeks to a total gain of le"" th,1Il 401h. 

were found to predlct less-than-optimum oulcomes. after controlling for must known 

confounders except pregravid weight (Pederson et al. 1989). The influence of the pattern 

of weight gain on birthweight remains 10 be fully understood. particularly In ohc"e women 

who may be advised to limit their mte of weight gain. 

0.2.3 Energy intake 

Research assessing the impact of energy intake on weight gain and/or birth weight has 

focused on Iwo areas: supplementation trials and dietary restriction, bccausc of the 

difficulties in assessing dietary intakes in free-lIving populations. fetal growth and 

development require additional energy and as such energy intake is c10sely assocmted wlth 

gestational weight gain; it would seem logical that as the energy intake increasc" during 

pregnancy. so would substrales available to the felus. which would result in a largcr 

neonate. However these relationships are not so straight forward, as the effeetc; of diet on 

birthweight are not independent of the effects of weight gain and are similarly subject to the 
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nllmerou'> confollnder<;. 

hom the meta-analysis of many studies. inc\uding ~upplemental trials in Sogata 

and (juatemala. additJonal energy intakes caused a signiticant positiH efrect on 

hlrthweight. provlded the mother was not well-nourished pnor to pregnancy: the 

'iupplementatlOn trial'i in New York Cily and Taiwan did not show an effect of 

,>upplerncnlation in adeqllately-nollrished mothers (Kramer 1(87). The importance of 

luning 01 <;lIpplementation was not conclusive. The sample-size-weighted effect of a 

'>lIpplement of 100 calones per day throughout pregnancy was an increase ln blrthweight of 

100 grams for infants hom to mothers who were at least moderately malnourished (Kramer 

1(87). This effeel was reduced by two-thirds in women who were not malnourished. 

NlitritJOnal 'itatll'i was usually based on pregravid weight. but was not consistently 

rcported. 

l:nergy deprivation as reported in the Dutch Famine study (Stein and Susser 

1975a,b) had the most impact on birthweight when restriction occured in the third trimester 

of pregnaney. In terms of the physiology of pregnancy, maternai stores of fat have already 

heen accnaed. but thls is the pt'riod of maximal fetal growth. Such a restriction would put 

the mother and fetus in competition for her nutrient stores, which would likely he a problem 

if the mother was lean prior to pregnancy. However if the mother was obese, an ample 

suppl y of energy stores should protect the fetus from sub-optimal growth in the event of 

dletary restriction. Unfortunately few studies address the issue of energy restriction during 

pregnancy. but those studies (Abrams and Laros 1986, Frentzen et al. 1988) which 

demonstrated that limited weight gain among obese women did not have a significant 

impact on birthweight give reason to speculate further about the relationship hetween body 

mass and energy restriction during pregnancy. 

D. J Predidors of BirthweiKht in Gestational Diabetes 

It is not clear that the predictors of birthweight in gestational diabetes are the same as in 

normal pregnancy, although it is a widely held belief. To date, the primary variables 

investigated for their impact on neonataJ outcome in gestational diabetes have been glycemic 

control and maternai obesity (Jacobson and Cousins 1989, Maresh et al. 1989, Langer et 
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al. 1(89), but the indepcndence of these and other prcdictor" on IIlfant hirth\\l'ight, ha" nnl 

becn comprehensively measured 111 thi~ high-risk population. Of the Illniled nUlllher nt 

sludles in Ihis area. onl) a l'e\\' ha\e emplo~ed nlllltl\ariale anal)"is te~hniq\ll's ISl'lll' el .11 

1985. forshach et al. 1988), and only one study ",ith a "mali sampll' has induded 

nutritlOnal parameters (Alger! et al. 1(85). 

0.3.1 Glycemie control: niet versus lnsulin Therapy 

Several studies have attempted to answer the question: does prophylactlc in'iulin redul'e Ihe 

incidence of macrosomia and the related morbldit} more signitïcantl) than dJl~taf) 

management alone? However it is not c1ear from the reports which advocate the U!.C nI' 

prophylactic insulin. that ail GDM would actually benefït from this therapy. ('oU'ilan and 

Imarah (1984) studied three groups of GDM women: one group received iflsulm and diel 

therapy. the second group received only dlet therapy and the third receivcd no treatmenl al 

ail. The authors reported that the insulin group had 7% macrosomlc infants ... ignitil'antly 

less than the similar rates of about 18% III the other two groups. Birth trauma was al'io 

lower in the insulin group, 4.8% compared to 13% and 20% in the dlct and no Ircatmcnl 

groups respectively. However there were problems with the studics deSign hecause Ihe 

groups were not randomly assigned. The method of assignmg the women 10 cach group 

involved offering insulin to the GDM women. and if they declined they were put lJl the diel 

group; it is not clear how the women in the third group were recntited. This mclhexJ could 

result in selection bias among women who were more rnotivated or more conccmed ahout 

their condition, and therefore decided to obtain a higher level of treatment. Il is curin,,') Ihal 

the women on insulin therapy had higher plasma glucose values. There were sigmfïcant 

inter-group differences which could affect birthweight: the insulin group was diagnoscd 

earlier and had more glucose intolerance; the diet group gained more weight: and the group 

which received neither treatment had a significantly higher proportIon of whites (white race 

increases birthweight {Kramer 1987}). It was not reported how dh.'tary compliancc wa'i 

monitored. Although they conclude lhat prophlactic insulin prevents macrosomia and 

related birth trauma, this study is clearly tlawed and biased. 

More recently Thompson and coworkers (1990) conducted a randomized trial of 68 
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(jDM to dclenl1l ne if In'iulin and diet reduce maternai and nconatal morbidit) \\ hen 

l'Ompared \\-,th dl('t th('rap> alonc. They used the same dl et and insulin regimens as 

('ou~tan and Irnarah (19t~··H and treated the women with GOM for Il \\eeks prior to 

deli"ery. Mean fa"ting blood glucose was not dtfferent between the diet (4.3 mmol/U and 

the insulin group (~.~ mmol/L). The mean birth",eight of the diet group (358-l g) was 

",grllticantly hlgher than thl:: Insultn treated group 13170 g). The incidence of macrosomia. 

ddïned a" a birthwetght greater than 4000 g. was also e1evated ln the dlet group (26.5Cfc 

ven,ll .. 5.9(1k ). ho\\-ever there was no slgniticant difference in the incidence of perinatal 

morhldity. The authors concluded that msulin was not detrimental and that the decreased 

birthweight henetits the neonate, however these results more c1early indicated Ihat diet 

trcatment alone resulted in simllar glycernic control as the msulin group and heavier bables 

withollt IIlcreased morbidity. 

Leikin ct al. (1987) conducted a case control study of 181 GDM and 1850 controls 

to dctermine factors assoclated with increased risk of macrosomic infants. The wornen 

with GDM were treated with diet if fasting plasma glucose (FPG) was <.5.0 mmol/L and 

\Vith inSllhn if fPG ~ 5.0 mmollL. They found the rates of macrosomia in the diet-treated 

group (5.6%) and the controls (6.4%) were sirnilar and significantly lower than those of 

wornen on inslllin (16.2%): and they found the non-obese GDM women treated with 

inslllin did not have more macrosomic infants than the non-diabetics and diet treated group. 

Logistic regression indicated that obese women on insulin were at greater risk of having 

macrosomic infants. Maternai and neonatal morbidity were not different from the controls. 

ThIS stlldy refuted the findings that insulin reduces the incidence of macrosomia and 

indieated that diet management alone is appropriate for GDM with fasting euglycemia, 

however the question that remains is if the non-obese women on insulin could also be 

managed with diet alone. 

D. J . 2 EnerKY Restrided Diets 

Many studies report they preseribed diets for GOM without any indication of what was 

actually consumed and how eompliance was measured. Algert et al. (1985) included this 

dietary information and attempted to link sorne of the potential nutritional predictors to 
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infant birthweight. This stud) compared the effects of l1lodernlt.' l'aloril' fl'''tnl'llnl1 in :!:! 

obese (BMI~27) GDM \\ Ilh less re"tnl'led dlet .. in 31 lean (,DM and JO non diatll'tic non 

obese control", b) evaluatmg actual energ) mta"-es. Intal gl,,,tatlOnal \'.l'Ight galll. gl~l'l'mH: 

control, and blrthweight. The diahetic dlels prescnhed \\Ne compn .. ed nt 1700-1 ~)O 

kcal/d for the obese and 2000-3000 "-cal/d for the Ican GDM: Ihl' nOlHhabl'lll' "Uhjl'l'h \'.l'rl' 

advised to consume thelr regular diet for pregnancy, and 10 l'al 10 appcille. "'nod rl'l'Ord" 

were <.'ollected and compliance \\as assessed such that the dletar) II1lakt'" \\ere l'!o"l'I) 

monitored for the 1010 15 weeks of trcatment prior to dehvcr)', and Wt're 17:'l(h 1 XX lcal/d 

for the obese GDM, 1 822±224 kcal/d for the lean GDM and 2282±S24 "-l'al for the 

l'ontrols. Kelonuria was not found at weekly measures. Total ge"tallonal wClght gmn w" .. 

significantly lower ln the obese GDM ",omen than in the othcr Iwo group'" I1lcan 

birthweight was higher among the ohese, and glycemic control as mcasurcd hy hcmoglohlll 

A le was not different among the groups. Unfortunately lincar rcgrc"slOn fmled to "h\lW 

any effects of prepregnancy body mass and weight gain on birthwelght. mo"t lill'ly duc to 

the small sample size. However this study suggested that a modest energy rc"tnl'llon for 

ohese women wlth GOM may not give rise to ketonuria, or cause a markl'd rcduction III 

birthweight. 

D.J.J Maternai Size 

Hollingsworth ( 1986) suggested that the most distinguishing featme of gestational diabctcs 

(GDM) is maternai size, as it acts as a modulator for insulin and glucose responsc" in the 

fasting and fed state. Both poorly controlled GOM and obesity can result in an abundant 

supply of fuel for the felus, which is bt'lieved to be a major factor in macrosomia 

(Kliegman and Gross 1985). However when GDM is well-controlled as i" often the case 

in antenatal centres with intensive management protocols. macrosomia is attnbuted to 

maternaI obesity. Recent studies have attempted to distinguish between the influence of 

body habitus and severity of diabetes on birthweight. 

Langer and coworkers (1989) compared 334 GOM mothers to controls matched on 

obesity, race and parity. Arnong the infants bom to the GOM mother, there was a strong 

association between low levels of plasma glucose and small-for-gestational-age (SCiA) 



c mfanl<; (01 rth\\Clghl < 2~X)g). COllver<;ely. hlgh l(.'v(.'ls of mcan plasma glucose \\crc 

a ...... o(·l<Ilc<.l \VIth 1 JiA IIlfant<; Slepwise regres<;lon analysls of the GDM women indlcatcd 

Ihat h~ pcrtcn.,ion and pre\ iou<;ly havlllg a I.GA mfant \\ ere not slgniticant predictors of 

olrthwcÎght: and Ihat olood glucose, welght gaIn and gestational age were predlclors and 

accollntcd for 44':f of the vanatlOn In birthwelght. ThIs analysis did nol control for 

'\l11okmg, maternai helght and infant gender. 

Recent e\'idenœ suggested maternai \\'eight at delivery \\as the onl} sigmticant 

prcdiclor of infant blrthweight in GDM (Jacobson and Cousins 1989. Maresh et al. 1(89). 

Jacooson and Cousins (1989> studied the maternai and perinatal outcome in a prospecti\e 

population-oased study of patients wllh GDM and used stepped multiple regression 10 

determine the predictors of birthweight. Numerou~ variables were entered into the model: 

race, socioeconomlc slatus, maternai age, gravidity, parity, height, prepregnancy BMI, 

prepregnancy weight, total weight gain, weight at delivery,length of treatment, smoking 

<;tatus, lX,Tr values. treatment. msulin dosage, and mean fasting and post-prandial blood 

glucose values. ThIs model contams several correla,ed variables which should not he in the 

<;ame regression because they influence each other and mask the true effect each may ha\e 

independently, for example prepregnancy SMI and prepregnancy weight are highly 

correlated slOce they are both measures of fatness and the lauer is the numerator of the 

former. In addition. total weight gain Îs represented in weight at delivery, which means 

these variables are correlated. On the other hand BMI and height can go in the same model 

becallse they are not correlated. one represenls fatness and the other stature. None-the-Iess 

this regression found that weight at delivery was the only predictor of birthweight and 

explained II % of the variance in binhweight. Although the major predictors of binhweight 

were controlled for, maternai weight at delivery may have masked any effects due to 

pregravid weight status and weight gain during pregnancy , since direct detenninants can 

wipe out the effect of indirect determinants. Jacobson and Cousins (1989) proposed that 

the accelerated growth in tllero common to infants of GOM may he due to the metabolic 

disturbances of obesity rather than those related to well-controlled GDM. 

These findings were supported by Maresh et al (1989) who reported that increased 

birthweights were strongly associated with maternai obesity (based on BM) just prior to 
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deli\ elJ). \\ hile onl) posslbl~ nssouatl'd \\ Ith diilhl'tlC control 1 hi" "tud) 11l.ltdll'd (i\)1\1 

mother'i to non-dmbcllC' mothers for age. punI) and l'Ihllll' group. and found Ihal nht,,,.I) 

wa" a predlC'lor of LGA mdepl'ndentl) of the "l'\ l'ril) of dl.lhell' .... hlll knn\\ n pH'dll'lor ... pt 

infant blrthw~lght such as maternai height. welghl galll durlllg pregnant') and <"l11n~lIlg 

\\ere not controlled. They also round that neonatill mortmht) WilS """nt'l.lIed \\ Ilh "l'\ l'nI) 

of d13betes. and not to age or obeslty. 

MaternaI slze c1early exerts an mtluence on blrthweighl in (,DM prcgnancy: Ihe 

problem with Ihis van able is that malental obeslty was ba'\ed on welght at ddlH'I)' and 

therefore may retleet an obese prepregnancy welghl and/or an excessl\'c ge"tallonal \H'I~hl 

gain. Bolh of these vanable~ independently mcrease bll1hweight 10 nonnal nrcgnanc) and 

should be analyzed more carefully in GDM pregnaney. The GDM hterature 10 liall' ,110;0 

lacks exammation of how predlctors change among non-obese and obcsc \\Olllen. 

D.3.4 Weight Gain as a Predidor of Birthwei~ht in GDM 

Although gestational weight gain has been aecepted as an important predlctor of blrthweight 

in normal pregnancy (Kramer 1987. Abrams and Laros 1986), it has lacked attention III 

studles of GDM. The limited number of studies Ihat have included weight gain a~ a 

predictor of birthweight contradict one another. One study round weight galll wa" a 

predictor of infant birthweight (Langer et al. 1989), while another 'itudy round Il was not a 

predictor (Jacobson and Cousins 1989), and another did not consider weight gain a'\ an 

inde pendent variable at a" (Maresh et al. 1(89). Most studies have not round a <;lgOilirant 

differenee between weight gained by women with GDM and that of controls (Buchanan ct 

al 1990, Maresh et al 1989, Jacobson et al 1989, Langer 1989), although one "tudy did 

report that obese women with GDM gained signifieantly less than lean GDM and controb 

(Algert et al. 1985). 

--------
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Matcnlal nutrillonal "tatu., of the ge .. tational dianetlc. as reflef.'led by prepregnancy weight 

and gc"latHmal \\clght gam and lIIt1uenced by dlelal)' intake, has a significant impact on 

Inlanl Olrth\\-Clght \\-hen the confounding el'fects of maternai age. helght. smoking, parity, 

gC'itatlOnal agc, IIlfant gcndcr and plasma glucose are controlled. 

"'he study ohjectives are to: 

1 ) ( 'haractenze dlelary intake and geslatlonal weight gain of women trealed for 
gc'\tallOnal diahete.,: 

2) Delcrnune how diclary trealment alone affecls weight gain and glycemia during 

trcatment of GDM, and how it affects infant birthweight: 

3) Deternunc the IIIdependent predictors of IIIfant birthweight III GDM: 

..J) l:valuale the modification of predictors of birthweight by prepregnancy body mass: 

5) l:xamlIIe lhe predictors of macrosomla in mfants born to mothers with GDM . 

• '. Significance of the Study 

The proposed study, with its large database and sample size of women with GDM and their 

infants. has the potential of answering several questions not yet invl'stigated. 

This study has the potential to estûhlish whether the predictors of birthweight in 

infants born to gestational diahetic mothers are similar to those for offspring of non-diabetic 

mothers. While Kramer (1987) has identified 14 predictors of birthweight in normal 

pregnancy. only glycemia and maternai obesity have been linked 10 GDM. 

Maternai obesÎty. which has been defined as weight at diagnosis or delivery, could 

rl'present an obese pre pregnant weight or excessive gestational weight gain or both; the 

influence of these independent components can he measured for the first time in the diabetic 

population. The modification of predictors of birthweight by prepregnancy body rnass 

index among GDM can he evaluated for the first time with proper control of confounding 

variahles, Abrams and Laros (1986) indicated that weight gain during normal pregnancy 

does not significantly influence hirth weighl in the obese non-diabetic women. If this 

, 
1! 
.\ 

" ., 

.~ 



27 

obsen atlOn holds for obf'se ge'itationnl diaht,tic \\l1men. thru attrmph .11 I1llldll\ 1Il~ tlll' r.lll' 

of ,,,clght gam dunng pregnancy 10 decrcase macfl),\omia mlhl" gn1up \\ oulcl bt, fut Ill' 

Thr proposcd 'ilud) can \cnf) \\ hethrr gl) l'l'mil' nmlfl'I h) ll1l'an'- \)1 dl\'! .lIId1pf 

m"ulin Iherapy modulatt's tmth\\'cight. Dlrtary rnanagl'l11cnt alonl' l".111 hl' dl,.,mht'd III 

temlS of rcducmg plasma gluco'ie. mimmi7mg wClght gam and Ihl'rcby IIltllll'nnng l't'lai 

growth. 

for the first lime. energy and macronutnent IIlta"-r during trealmrnt 01 (,DM l'an hl' 

evaluated as to their lIupact on gestatJOnal wcight galll. gl)crmie conlrol and blrth\H'lghl 

The current behef is that energy restrictIOns could lead 10 a rcduetlon in 1.( lA. hlll Il ha., nol 

been demonstrated in this population. 

• 
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A. O\cnÎcw 

Th,c;; still!) 111\ olH'd ri Inrge l'ohort of women with gestational diahcte" nll'I 11111" ( ,DM) and 

their IIlfants. ,md \\ n~ l'onducted 111 the Spring/Sllllll11cr of 1991 Matl'Illal .1I1d IIt'on.lul 

data \\crc collected l'rom a l'hart rcvlcw of the IO(H pallent" lolh)\\ l'li Olt 'Ill' ~n) al Vlctofla 

Hospital (RVH) Antenatal DmbeticChnic het\\cen 197Hand 19H9. lIldll.,i'l' 

Management of GDM at the RVH has been IIltenSI\'C. consl<;ll'llt and comprt.'hl'n"IH' 

smce Il's origin 111 1978. Close multi-disclp1inary antenatal llIol11lonng (lI' palil'Dh (l11 a 

weekly basis. as weil as self-momtonng on a dally basis. conlrihlllt' 10 the hll~h qllaltly III 

data available for abstraclion and analysis. 

Data were oblamed from two sources: the RVH Antenalal Diahcttl' ('Iinie (AI)( ') 

l'hart: the source of diabetic monitoring information l'rom dragnosl<; 10 deli, t'f): and the 

maternai and neonatal medical l'hart data already coded on the MdlIII Oh"tctrical and 

Neonatal Data S)stem (MOND) (1987). 

Descriplive analyses were lIsed to stlldy the rclatlOnshlp" nclwecn mdcpt'ndcnt 

vanables. and \\erc follo\\ed by a series of multiple regrc<;slOn analy<;c", ""mg IIldl'pl'IHlcllt 

variables which were chmcally relevant lo the de pende nt variable, infant hirthwclght 'I1ll' 

objective of the study was 10 thoroughly describe and evaluatc thc nutnhonal prcdlctor~ of 

infant hirthwelght in gestational diabetes. 

B. Subjeds 

B.I Royal Victoria Hospital Screening and Diagnosis of HDM 

Patients are referred to the AOC by their attending physicmn once gestational diabctcc.; Of 

impaired glucose tolerance is detected. Screening and diagnostIc procedures u<;cd at thl<; 

institution are in accordance with the critena of the National Diabetes Data Group (ND()(j), 

outlined in section 8.3 of the Literature Review. However. sorne obstetrician<; order a 

screening test only when a patient presents wlth nsk factors or symptoms of (JJ)M. ralhcr 

than apply the universal screening recommendations of the NDDG. 

A diagnosis of impaired glucose tolerance (lGT) IS made If one OG1'1' value is met 

or exceeded (OGIT values in mmol/L: fasting 5.8. 1 hr 10.6.2 hr 9.2, 3 hr 8.1). 

1 
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Gestational diabetes is diagnosed if 2 or more of the OGTr criteria are met or exceeded. 

White'') classification (1965) of diabetes in pregnancy (see Appendix 1) is used for 

diagno'itic purposes to indicate the severity of the diabetes. The subclassificatlon of 

diagnosis IS hased on the mode of treatment required: clas') A 1 diabetics receive diet 

therapy alone; class A2 diabt>tics receive diet and insulin therapy. Patients with IGT are 

treatcd Identu:ally to those with class Al diabetes. During the treatment period the severity 

of dmbetes may progress such that the diagnosls is changed from impaired glucose 

tolerance (lGT) or c1ass A 1 diabetes to c1ass A2 diabetes. 

B.2 RVH Antenata. Diabetit cn"ic l"reatment Protocol 

The therapeutic approach is comprised of multi-disciplinary assessment and regular follow

up by the team of clinic nurse, dietitian. endocrinologist and perinatalogist. At the initial 

visit the team members gather information on the patients' medical, obstetrical, nutritional 

and sociodemographic history, which permits them to formulate an assessment and plan. 

Genernlly the plan involves a weekly ViSlt to the c1inic for evaluation of diabetic control and 

daaly self-monitoring of fetal health and certain compooents of diabetic care. The patient's 

weekly visit is comprised of the following routine: 

Arri've at the clinic at 7h30; 

Have fasting blood taken for glucose measurement and aoy other tests which 

may have been ordered, (glycosylated hernoglobin is measured at initial visit 

and approximately once a mooth therafter); 

Provide fresh urine sample for glucose. ketone, protein and leukocyte testing; 

Take weiRht on cHoie scale; 

Eat breakfast provided by the Dietetics department based on each patient's 

diabetic diet pattern; 

1 hour post-prandlal have another blood sample taken; 

Nurse takes blood pressure, assesses for peripheral edema, conducts non-stress 

test for fetal activity and reactivity: 

Dietjtian reviews food intake records, urine (and blood when applicable) tests 

from past week. and weight: adjustments to and reinforcements of diet are made as 
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needed: 

Eat lunth: 

Endocrinologist reviews urine tests, blood tests, dietary complianœ and insulin 

if applicable. assesses the need for initiation of insulin and mat..es changes 10 IIlsulin 

dosage and sliding scale If necessary: 

Pel'inatologist assesses maternai and l'etai health with physical exam: review.; 

results of non-stress test results, blood pressure. fetalmovemenl l'harts. and 

ultrasound if applicable; makes orders when necessary for bed rest,admlssion. 

delivery. and medication: 

Finish by 15h30 to 17h30, depending on the number of patients bemg seen. 

Patients retain a sense of involvement and responsibility in their prenatal care by 

monitoring their own diabetic management and control each day in between dime Vlsils. 

This is accompli shed by the following activities: 

Record of daily food intake, food is welghed and measured according ln the 

diabetic diet prescription: 

Retord of fetal movements on a chart to ensure a minimum of 10 movemenls 

each day. as a measure of fetal weil being; 

Measure of urinary atetone and glutose, taken 4 limes per day (before each 

meal and before the bedtime snack) and recorded: 

Blood glucose monitoring if taking insulin, 4 to 7 times per day (before émd 

after meal); 

tnsnUn administration and adjustment as per a prescribed dose and c;liding 

seale, when dietary management fails to render euglycemia. 

Ali of the variables related to diabetic management prior to dehvery originate from 

the AOC chart (refer to Appendix V for variable definitions). A more detailed description 

of the origin of the dietary data will be given below. 
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Dietury Ohjedives 

The objectives of diet therapy at the RVH diabetic c1inic are to provide adequate nutrition in 

nrder to: (1) permit normal fetal growth; (2) maintain maternai nutrition: (3) optimize blood 

gluco"e levels: and (4) avoid ketonuria. 

Dietury Prescription 

Energy content of the prescribed diets is based on approximately 35 kcal/kg of ideal body 

weight and generally range from )8(X) to 2200 kilocalories cnro to 9440 kilo joules) 

initially, with increments or decrements when necessary, as described below. 

Carbohydrate is limited to 40% of energy or less and is divided throughout the day. 

Patients are taught a very specifie and individualized diabetic diet using a booklet adapted 

from the Canadian Diabetes Association Good Health Eating Guide, formerly the Diabetic 

Exchange System. The meal plan consists of 3 meals and 3 to 5 snacks spread over the day 

according to each patient's routine. Il is not uncommon for the GOM patients to be 

overweight prior to pregnancy or to have gained weight excessively prior to diagnosis, 

hence dietary restriction used to ohtain the four objectives outlined above. often results in a 

marked reduclion in weight gain pattern atleast initially. However. post-diagnostic changes 

in weight gain pattern are not the focus of treatment. 

The dietary prescription may he changed during treatment. with increments and 

decrements of specific foods or "choices" according to the diahetic diet; for example the 

addition of a "protein choice" will increase the diet by 73 kilocalories. 7 grams of protei" 

and 5 grams of fat. A diet will be increased if ketonuria is present on a regular basis in 

significant amounts, for example 2+ to 3+ ketonuria on three consecutive momings. 

Ketones may he present if a woman has not consumed part or ail of :'1 meal or snack; in 

these situations the importance of dietary compliance is stressed. Ketonuria can also occur 

when the prescribed energy level ordietary composition is inadequate. in which case the 

diet is increased in total fat and proteine Carbohydrate is not increased as often as other 

macronutrients due to ifs g1ycemic effect. If g1ucosuria or hyperglycemia occurred when 

the diet was followed. carbohydrate may he reduced at the related meal or snack. 

However. more often these are indications of poor compliance or the need for insulin. 
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Energy intake may also be increased If a patIent is consistently hungry. however an illltinl 

attempt may be made to rearrange dietary pattern. A du~t wi Il he decrl'ased If l''l.cl'ssivc 

weight gain (>0.35 kglweek) cannot be attnbuted to l'demn or dietary intail.l' alxwl' the 

prescribed regirnen, or if a patient cannot consume the entire di el. 

Diet methodology 

The prescribed diet is instructed to l'ach patient by the dietitian, dunng thelr imtial VI'iil. A 

vel)' specific pattern, which indicates the number of choices from each food group tn he 

consurned at each meal and snack. is provided along with a booklet which descrihes the 

type and quantity of foods inc1uded in each food group. The role of thl' diel in contrnlling 

glycemia and the implications of control of GDM for the fetus are explamed to each 

wornan. Patients are given the opportunity to ask questions during the mstnlction of the 

diet. Patients are told to measure or weigh ail the food and beverages they consume 

according to the prescribed diet, as weil as any additional food they may have taken. A 

record of their daily food intake is requested by the dietitian for each week that the patient 

attends the c1inic, and the women are advised to include a description of the food and 

method of preparation. Meats eaten away from home should he recordpd 3<J accurately as 

possible. The food record is reviewed throughout the period from diagnosis to parturition 

by the dietitian and the endocrinologist. This method of daily weighed food records has 

been described by Gibson (1990), as being the most precise method for estimating dielary 

intake and essential to derive good quality data for statistical analysis. lIIiteracy and 

language barriers can pose problems with the use of this method. Dietary Instruction is 

simplified for illiterate patients and inc1udes the use of food models: If a patient cannol 

speak english or french a translator is often used (a family member is preferable) to explam 

the diet and to interpret food records. 

Patient compliance to the prescribed dietary regimen is difficult to establish with 

complete confidence, however there are indicators during treatment that a patient probably 

complied with the diet. as weil there are factors which contribute to dietary adherence 

among these women. Daily self-monitoring of urine for glucose and ketones can provide 

clues to compliance; if additional carbohydrate is taken it may manifest as glucosuria, 
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conver;ely if ail the diet is not eaten ketonuria could occur: granted both glucouria and 

ketonuria can OCCltr for other reasons as described earlier. Self-monitoring and recording of 

hlood glucose can also indicate dietaJ} excesses or inadequacies. Il was the personal 

cxperience of the author that patients often recorded their dietary indiscretions directly on 

the monitoring sheet for urine and blood glucose if not on their food record. to explain the 

appearance of ahnormal values. Factors which contribute to patient compliance mclude the 

implicit motivation of the pregnant woman to do what is best for her growing baby: the 

additional incentive to follow instructions for the management of the high-risk condition 

which could affect pregnancy outcome. and the presence of other women with GDM at the 

c1inic provides peer support to follow the di et and record dietary intake. 

Patient compliance. comprehension and adequacy are evaluated by the dietitian each 

week. The dietitian uses the patient's food intake record to verify the accuracy and 

suitability of the diet ingested with the patient's actual prescribed pattern. If the diet was 

misunderstood. poorly followed or ignored. the diet and it's importance would be re

cxplained. Discrepancies are recorded, such that actual intake of calories, carbohydrate, 

protein and fat can be compared with the diet prescription. The dietary approach enforced 

at 'his clinic has been consistent since the clinic's origin in 1978; dietary adherence is also 

emphasized by th~ other members of the team as a crucial element of GDM management. 

Insulin therapy is currently initiated if di et therapy does not maintain fasting 

plasma glucose values less than 5.0 mmollL (90 mg/dl) or the 1 hour post-prandial values 

Jess than 6.7 mmollL (1 20m gld 1). Prior to 1985, insulin therapy was initiated only when 

FPG exceeded 5.3 mmollL or the 1 hour PC exceeded 7.2 mmollL. Human insulin is 

prescribed, and usually begins wit~ sm ail amounts (2-4 units) before breakfast, although it 

is not uncommon for a class A2 diabetic to have an insulin regimen with 2 to 4 injections 

per day. Patients are taught how to inject insulin and test capillary blood samples using a 

glucometer provided by tbe clinic. The endocrinologist prescribes a sliding scale for insulin 

dosage. such that patients can adjust their own insulin dosage according to their daily 

home-blood-glucose-monitoring (HBGM) results. Each week the endocrinologist 

reassesses the insulin therapy regimen. 



1 Other self-monitoring procedures involve urine testing 4 times dmly, hefme l'adl 

meal and before bed, Chemical dipsticks are used for detemlination of gluco.,uria and 

ketonuria. A record of unne testing IS kept by each patient and reviewed hy the dinil' team 

each week. 

The regimen at the GOM dime is demandmg and requires that patients attend the 

dinie once each week from 7h30 to about 15h30, from the time they are dH'gno.,ed IInlll 

parturition. Compliance with the prescribed protocol among the gestatlOnal dlaOetil'" 1., 

exceptional: these women have al ways been found to be highly molivated to attend Ihe 

c1inie eaeh week and bring Iheir records of self-monitoring. They are willing 10 take heed 

of the numerous recommendations in order to optimize their diabetic control and therefore 

optimize their prt'gnancy outcome. 

B.l Subjed Seledion 

Ali Diabetic CHnic charts were reviewed to determine each patients' eligibility .,tatus for the 

study. Subjects were included if they had been diagnosed with IGT or Class A 1 or A2 

GDM; they presenlt.d to the diabetic c1inic prior 10 36 weeks gestation or had more Ihan IWO 

visits to the AOC; and their baby was delivered at the RVH. The cUI-off point of more Ihan 

two visils 10 the clinic was arbitrary and was established in attempt 10 eliminale patient., 

with a minimal amount oC treatment prior to delivery, since the eCfeet of cenain trealmenl 

variables was being evaluated. Exclusion criteria include patients who had pre-gestatlonal 

diabetes. conditions which affects fetal growth (hsted in sectio!'! C.I ), twin pregnanclc.,. or 

incomplete records from either of the data sources. Figure 3 iIIustrates the entire cohon nt 

diabetics as the exclusion criteria were applied. 

c. Data Collection and Management 

Data collection was divided into three stages which will be described below. The 

procedure facilitated cxclusior. ,f ineligible patients at the earliest possible point in the 

process, and thus minimized unnecessary data collection. A triplicate Diabetic Coding 

Form (see Appendix Il) was developed for the recording of ail diabetic infonnation. and 
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Figure 3. Eligibility Dow chart 

AU diabetic pregoandes followed at ADe from 1978 to 1989 
1003 Patients 

102 Babies not delivered al RVH , 30 ADC charts incol11'lete 

5 MOND files not found 

28 Premature infants 

1 Intrauterine fetal death 

4 Two-vesseJ umbilicus 

Diabetics with complete database available 
866 Patients 

147 Diabetics c1assed B 10 T 

8 Twin pregnancies 

63 Medical conditions 

Gestational diabetics with singletoD; live and full .. term deliveries at RVH 

61SiieDts • 

Eligible gestational diabetics 
436 Patients 

179 Less than 3 cUnic visits 

r-. 
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was used for the first two stages of data collection. 

C.l Diabetic Data for Eligibility 

Antenatal OiabetJc Clinic (AOC) charts \\ ere e'lamined starting \\ ith 1975 and prol'cl'ding 

alphabetically through each }ear to 1989, inclusive. Part 1 of the Diabctk Coding fonn 

",as completed by eXlractmg a number of variables from the l'hart to detenninl' the ehgihihty 

status, as outlined in section B.3 Subject Selection. The procedure by whH.'h each variahll' 

was obtained will he described below. 

General Information 

The following variables were abstracted l'rom the AOC chart for part 1 of the data collel'Iion: 

mOlher's name (maiden, if available: married and tirsl name): RVH case numher: name of 

referring doclor: date and results of the glucose screen; date and results of lhe oral glucose 

tolerance test (OGIT): diabetic diagnosis: and complications or risk factor.,. blCh of Ihest' 

variables could he found on a weeldy summary at the front of the chart,as weil as on 

consultations and lab results within the chart: this duplication provided a means of venfylllg 

the accuracy of the data. 

The delivery date, sex and birth weight of the infant was also recorded on Part 1 of 

the coding sheet. These variables. along with the names and RVH case numbers pennittcd 

the linking of each person in the cohort with their respective data III the McGiIl OhstetrÎl'al 

and Neonatal Database (MONO). 

Diagnostic Information 

Diagnosis of gestational or pregestational diabetes was indicated on the flowchart, 

according to White's Classification of Diabetes in pregnancy (see Appendix 1). For palient" 

with impaired glucose tolerance (IGT) or gestational diabetes IGDM) the OG'n' re-mils 

were compared to the criteria of the National Oiabetes Data Group (NDIXi) lo ensurc an 

accurate diagnosis. lf any uncertainty arose as to appropriate diagnosis of White' s 

classification, the c1inic's endocrinologist was consulted. A change of diagnosis was 

nonnally used to indicate the initiation of insulin in a patient with IGT or c1ass A 1 (jDM. 

-
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after at least 3 vi.,its to the c1inic. If insulin was started before the fourth visit. a diagnosis 

of dass A2 would be as.,igned: that would not he considered a change in diagnosis for the 

purpo<;e<; of Ihis study. 

Eligibilty Status Information 

The criteria for exclusion from the study are listed in Table 1. The endocrinologist's consult 

provided the most thorough and reliable information on the patients' diabetic diagnosis and 

past medical history. Patients with Impaired glucose tolerance and gestational diabetes were 

included in the study. Ali those with other classes of diabetes, that is who developed the 

diseasl" prior 10 pregnancy. were excluded. Women who were diagnosed postpartum with 

diabetes and retumed to the AOC for a subsequent pregnancy were not included in the 

study. 

Some women were referred to the AOC for management of GDM from other 

centres. and as long as they met the other criteria and they were delivered of their infants at 

the RVH, they were IOcluded in the study. If a patient was referred from the Lakeshore 

General Hospital for example, then followed at the AOC until close to the estimated date of 

confinement, but was assumed to have not delivered at the RVH as the infant was not found 

in MOND, she was excluded from the study. 

The effeet of treatment is an important aspect in this study, thus a minimum length 

of treatment period had to he established. The cut-off point of no less than 3 visits over a 

minimum of 3 weeks was arbitrary. If a patient started treatment at the c1inic, then 

discontinued follow-up for more than two weeks prior to delivery they were excluded as 

weil. However if a women with GDM was admitted to the hospital for a short period 

during treatment th en retumed to the c1inie to he followed until delivery, she would he 

included sinee in hospital diabetic management would have continued, and her weight prior 

10 delivery would he available. If she remained in hospital until delivery she would have to 

he excluded due to the lack of data. The women excluded for less than 3 clinic visits 

genernlly represent women who were referred to the clinie or diagnosed late in their 

pregnaney. rather than women who did not comply with the clinie protocol by attending 

each week. although there were a few women who fell into the latter category. 
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Table 1. Exclusion Criteria 

1. Antenalal diabelic c1inic chart incomplete, for example no pregravid wClght 

2. MOND file on mother and Infant not found or missing information (eg. pregravid 

weighO 

3. Infant not delivered al the Royal Victoria Hospital 

4. White 's c1ass of diabetes B to T. that is pregestalional diabeles (see Appendix 1) 

5. Twi n pregnancy 

6. Presence of condition or medication whlch could affect felal growlh 

7. Premature infant «37 weeks gestation) 

8. Intrauterine fetal death (lUFD) 

9. Neonate with a 2-vessel urnbilical cord discovered al birth (normally 3 vessels) 

10. Less than 3 visits to the diabetic c1inic prior 10 delivery 
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('omplicntion'i or mk factor'i identified in the chart often provided important clues 

to the patient'i c1iglbility 'itatus. t-:or example, If it was indicated that the patient was having 

twins or wn<; tnkmg medicatlOn for chrome hypertension. the patient \\-ould be excluded. 

Helow i., a hst of the conditions which were discovered among the cohort and were 

ground<; for exclusion for their potential influence on fetal growth and consequently infant 

hirthweight, the dependent variahle under investigatIOn. 

Chronic hypertension 

Pyelonephfltls 

Pre-edampsia 

Nephrotic syndrome 

Active asthma 

Rh isoimmunization 

Lupus 

Gluten enteropathy 

11lcerative colitis Cystic fibrosis 

Thrombocytopenia (treated with high dosage of prednisone) 

The following list indicates conditions which were not considered for exclusion. 

and therefore patients with them remained in the study. 

Ant; kell antigen Hepatitis B 

IgA nephropathy \\ln Willebrand Il 

Depression 

MildAsthma 

Treated hypothyroidism 

Bell's paisy 

Raynaud phenomena 

Treated hyperthyroidism 

Hyperlipidemia 

Prolactinoma 

Infant birthweight after treatment for gestational diabetes was the primary outcome 

variable studied, and therefore only term (~7 weeks) deliveries of healthy, live infants 

were included. Matemal-neonatal cases were excluded if they involved an intra-uterine fetal 

dcath ( 1), an infant with a 2 vessel umbilical cord (3) or premature infants (27). 

nais MaD_Kement 

At the end of every day of data abstraction. ail patients reviewed, whether included or 

excillded. were conseclitively assigned a study number. The top sheet of the triplicate form 

was removed and delivered to the MONO Research Assistant Frances McLean. A master 

list was generated by entering the following data into a database program: study number, 

mother's name and case nllmber, baby's case number if known, diagnosis, change in 
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diagnosis. eliglbility status and comment if needed. rhis program penlllttcd a co\ll11 \)1 

cases in each category of eligiblity and the generation of hsls of mdudl'd and c,dudl'd 

patients for cas) ventïcation of IIlformation collected. Bad,-up tîle" \\l'n' madl' .\1141 

maintained in a dlfferent location for seeunty purposes. 

C.2 Diabetic Data for Included Subjects 

Part Il of the antenatal diabetic coding form (see Appendix \1) was l'ompleted for the 

included subjeets. ThIs involved collecting data from each chOIe VISlt for current weight. 

blood glucose (fasting and 1 hour post-prandial), the average dmly IIlla~l' of cn('rg~. 

carbohydrate and protein over the previolls week based on diet ca\culatJon of 7 day food 

record, and a summatlOn of urinary ketones recorded over the pfl'VIOUS "ccl. 111"111111 

dosage recorded represenled units of insulin taken the day before the l'Ii nie vislt. 

G1ycosylated hemoglobin was recorded as often as it was avmlable, which was gl'ncrally 

every 4 weeks. 

Accuracy of the dietary mfonnation at each visit was also recorded as bcmg l'ilher 

good. faiT OT pOOT. This variable indicates if the l'hart provided enough detail on lhl' dll'lary 

evaluation at a particular visit to estimate the daily intake of the prcvlous wcek. "or 

example, if the dietitian had prescribed a 2000 kilocalone diet (wlth 194 g earbohydralc, 

III g protem) the previous week. and fol1ow-up notes indicated: "dietarr e Omplllll/e (' Wcl\ 

excellent" then accuracy for the above di et would be coded as 'good·. If "he wrotc. "air 

lIndentanding of:-.tarchy cho;ce\; rook J /2 extra hrelJl.J at hreakjlL\( and lunch l'ven' da\" 

oTherwi.\e good compliance", then intake would be ca\culated to include 1/2 extra "tarch 

twice each day (2068 calories. 209g carbohydrate. Il3g protem); and accuracy wOllld he 

. good'. However, if the dietitian 's notes indicated that the patient took less than the dlahcllc 

diet. but did not quantify the discrepancy, an estimate of the reduced intake would be made, 

and the accuracy would be rated as 'fair'. The accuracy would be 'pOOf'. if the progrc<.,<., 

notes implied that dietary compliance was poor without any indicator of how the patient '" 

actllal intake deviated from the prescribed plan. 

Urinary analysis was done using chemical dipsticks which indicate the presence of 

ketones with a change in color as none, small amount ( 1 +), moderate amount (2 + ), or large 
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amount (3+): thcsc valuc" werc rccorded by the patients ~ times each day. for every day 

hctwcen VI"lls to the c1inic. The freqllency and seventy of kelonuria was monitored dail} 

hy cach pallcnt. The endocnnologlst evaluated the patlent"s log of ketonuria according to 

frcqucncy and "l'verity and charted her asse~sment, for example her chart entry may 

i ndicate "no "done\", or "2 + "t!lone\ Ihree timn. olherwi \t! nOlle". This data was coded 

during data collection as a variable hl ch "ummarized the patient's findings per visit using 

live categories: these categorie~ were estabhshed arbltranly ln consultation with the dimc 

endocrinologl'it. The categories for the ketonuria variable are: none present (may include 

1 + Io..etonllria one tlmc): present in small amount ( 1 + two to four times, 2+ one to four 

times. or 3+ once): present in moderate amount ( 1 + >four times, 2+ five to eight limes, or 

J+ two to seven lImes): and present In large amounts (2+ >eight times, or 3+ >seven 

limes). Combinatlons of "everity of ketonuria were coded according to the discretion of the 

author. 

See the coding sheet and definitions in Appendices Il and III, for precise 

explanations of the variables collected in Part Il and Appendix V for variable 

summarization. Once coded on the data sheets. data were entered into a computer data file 

by professlonal keypunch operators: verification by enlering data a second lime was done. 

C.l McGiII Obstetrical and Neonatal Data (MOND) System 

The McGill Obst~trical and Neonatal Data system (1987) is a database established in 1978. 

The MOND C'oding Manual provides definillOns of each variable selected for this study. 

Access to the system was facilitated by Dr. R. Usher. head of Neonatology, and Ms. 

'-:rances McLean RN BScN, who linked each patient included in the study to their MONO 

file. Data from MONO included maternai demographic infonnation, as weil as details on 

the delivery and status of mother and neonate. See list of maternai and neonatal variables in 

Appendix IV. 
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D. Analysis 

D. 1 Statistieal methods 

Data analysis was done with the Stahstical Analysis System (SAS), version hO. l'he data 

l'rom the dlabetic c1inic l'harts and from MONO \Vere rnerged on aS <\S tilt' for analysis 

Variahle Summarization 

A brier description of how variables used m analysis were defined and l'Odcd l'an be 100tnd 

in Appendix V. The origin of each vanable was either MOND or the AIX' l'harts hee 

Appendix IV). 

Descriptive Analysis 

Maternai and infant characteristics were summarized for the whole sam pic initlally. 

Continuous or interval variables were then selected for a one-way anal ys!', of vanancc 

which stratified the sample in 3 separate ways: by body mass mdex (HMI ) l'ategones. by 

treatment categones and by birthweight ratio categones. hequencles of dlscrcte varlahle" 

were deterrnined and compared using the X?, lest. Correlation analysis wa~ lIscd 10 a~sc~s 

relationships between ketonuria and weekly weight changes. The paircd T tc~t wa" lI'icd 10 

compare the mean change in rate of weight gain and the mean change m plasma glul'O~c 

when treatment was started. Results were considered significant Ir the p value of the 

analyses was less than 0.05. 

Regression Analysis 

Multiple linear regression analysis was used to identify predictors of mfant birthweight. 

Because of the expected interrelationships of a number of the predictor variables. several 

strategies for controlling confounding variables were el(plored. For cxample. a ~tati.,tlcal 

interaction was expected between weight ~ain pattern and pregravid weight. Rather than 

attempt to model Ibis interaction, il was considered preferable to analyze pregravld weight 

stmla sepamtely. The reason for this was that man y variables would interaet with weight 
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gHin, for example length of treatment and severity of GOM. In an attempt to reduce the 

problem of multlcollinearily between predictor variables, correlation analySJS was done to 

delemline which van ables were highly correlated variables, such that they were not entered 

in the 'iame regression model. For example, a correlation coefficient greater than an 

ab'iolute value of 03 indicates a very high degree of multicollinearity. The conventional 

definition of level of significance (p<O.05) was used to define predictors of birthweight. 

however for regression modelling, p values of less Ihan 0.2 was considered statistically 

important and the independent variable was carefully examined in other models. 

I.ogistic regression i nvolved dlchotomizing birthweight ratio at 1.2.-; to determine 

the incidence of macmsomia among infants delivered of gestational diabetics. Calculations 

of the odds ratio and Miettinen 'c; test-based confidence interval employed the following 

equations: 

Odds ratio, 'JI= e Ljl, where c is the number of units of the parameter being 

estimated and B is the estimate; 

Confidence interval. CI = (O)exp (±Zl_ xl').' Jx21. where 0 is the parameter 

estimate. 

D.2 Sample Size Calrulation 

The sample size calculations were done prior to commencing the study. Although there is 

no dear way of estimating sample size for this study since no data are available on post

diagnostic weight gain differences of gestational diabetics, one approach is to base the 

sample size calculation on differences in infant birth weight previously observed among 

obese and non-obese gestation al diabetics. Using such data to obtain approximate values 

that might be appropriate for weight gain groups and assuming a 10 % difference in 

birthweight percentile hetween groups, with a type 1 error of .05 and type Il of .10, 192 

subjects would be required. In order to have this degree of power in 2 substrata of the data 

that would he best analyzed separately. approximately 400 complete charts would he 

required. 

To analyze macrosomia a'i a dichotomous outcome, one can estimate the sample size 



1 

..... 

required for logistic regression analysis as follo",s. If 10% of infants an' affel'tt"d and il i .. 

desirable to detect an odds ratio of 1..5 with Type 1 error of .0.5 and type Il of .20, the 

sample size for a uni\'ariate logistic regression analysis would he 457 suhjcl'ts. (Hsil'h 

1989). 

E. Facilities Available 

Given ifs retruspective nature, this study mvolved data collection and analysi<;, hut not data 

generation. Limited resources were required to execute the "tudy Facilities for chart 

review and c;torage during data collection were provided by Dr. B. Nuwayhid, Royal 

Victoria Hospital. Head of Obstetries. Aeeess to MOND has been pnwlded Ily Dr. R. 

Usher, Head of Neonatology, and Ms. E MeLean RN RScN, Researeh Assi"tant for 

MOND. Statistieal analyses were eonducted on an IBM personal computer. No additional 

faeilities were required. 

Ethical approval for this project was granted by the Obstetrics and Gynecology 

Ethics Committe of the Royal Victoria Hospital. Chart aecess approval wa!. granted Ily the 

hospital's Director of Professional Services . 
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Part III 

Results 

A Maternai C haraderistics 

A.I Overview of the study population 
A.2 Comparison of body mass index groups 
A.3 Comparison of treatment groups 
A.4 Ketonuria 
A.5 Effccl of treatment on plasma glucose 

ft Infant Characteristics 

B.I Overview of infants anlhropomelric measurements, 
morbidity and mortality 

B.2 Comparison of body mass index groups 
B.3 Cornparison of treatment groups 
B.4 Corn pari son of maternaI and infant characteristics 

by birthweighl ratio 
B.5 Secular trends of maternaI and infant characteristics 

C Predictors of Infant BirthweiRht in GDM 

C.I Multiple linear regression 
C.2 Regression analysis ofwhole sample 
CJ StratificalÏon by HMI categories 
C.4 Subset of women of treated with diet alone 
CS Predictors of plasma glucose 
C 6 Logistic regression to evaluate factors influencing macrosomia 

NOTE: Ali tables and figures pertaining to the results are at the end of this section 
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1 Both maternai and infant characteristlcs pre<;ented in section A and B \\t'rc nhtalllL'd tlsillg 

univariate and bivariate analyses. These statlstical methods providcd Important mfonnallon 

regarding trends and potential confounding variahle<;. ho\\cwr -;IflCC onl~ \lIll' or h\o 

variables were being controlled at a time. these methods did not provlde il dl'ar pil'llIfl' 01 

the factors affecting birthweight. Smce birthweighl IS inlluenl'cd h) many \ anahle-;. 

multivariate analysis was necessary to establish the existence. magnitude and direclion of 

the effecls of numerous independent variables onlhe dependent variable, a-; prcsclIlL'd III 

section C. 

A Maternai Charaderisti~s 

A.t Overview of the population 

The sample was comprised of 436 women with gestational diabetes (GDM). afler the 

exclusion critena were applied (see Figure 3 in Methods section). Table 2 show .. nUIllt.'rou .. 

maternai charactenstics. At the time of diagnosis 61 % were 30 years of age or nider. (-orly 

percent of the women were nulliparous (never pregnant before index pregnancy): 35(1;'· wert' 

primiparous (one previous delivery), and 25% were mulhparous (2 or more pregnanclc.,1. 

Cigarette smoking during the index pregnancy was reported among 96 ( 22%) of the 

subjects. Information on race was available for 79% of the sample and indicaled Ihal the 

majority of women studied were white, although srnaller groups of hlack. orient~,1 and ha!>1 

Indian women were represented. Years of schooling varied; 29% of women had a high 

school education, 23% attended CEGEP or equivalent outside of Quehec. and 43% had 

sorne amount of post-secondary education. Most women (95%) reported httle or no 

alcohol consumption during pregnancy: however \% indicated they drank one or more 

drinks per day and 4% did not speclfy any amount of alcoho\ consumed. The <;ource of 

this data was a self-administered questionmure during admission to hospital and the 

information could not he corroborated by the diabetic c1inic dietary data. One percent nI' 

wornen reported the use of cannabis during pregnancy, although frequency of use wa<; not 

indicated. 



Dividing the population into prepregnancy body mass index (BMI) categories as 

rel'Ommended hy the In .. tllUte of Medicine (1990). 12% of the gestatlOnal diabetlcs were 

IIndcrwelght (HMk 19.8).56% were normal wClght (BMI 19.8-26.0). 1017(' were 

oVl'rweight (HMI 26.1-29.0) and 22% were obese (BMI>29.0). 
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Tilble 3 provides a sumrnary of maternai gestational charactcristics. Women were 

diagnosed with GDM at an average of 32 weeks gestation. Women were mitially c1assified 

at their tiNt visit to the clinic as having impalfed glucose tolerance, class A 1 (dicO or c1ass 

A2 (di"t and insul,") gestational diabetes: however the classifications of 13% of the women 

changed during trcatment. for the purposes of representing these diagnostic changes in the 

analyses the classification at delivery, as opposed to at the tirst c1inic visit, was used. 

Nincteen percent of women had impaired glucose tolerance. while 44% had c1ass AI 

ODM: both were treated with diet alone. The remaining 37% had class A2 GDM and were 

trcated with a regimen of diet and insulin: 56 of the 164 wornen within this group initiated 

treatment on dlet alone and changed to diet and insulin at least three weeks after diagnosis. 

The sample population consumed an average daily dietary intake of 2047 

kilocalories (8600 kJ), 171 g carbohydrate, 99 g protein and 106 g fat: this represents a 

distrihution of energy from the macronutrients of 34%, 19% and 47% respectively. The 

variahle which defined the accuracy of the diet information (see Methods section (2) as 

'good', 'fair' or 'poor' was used to create a subset of women with only a 'good' rating of 

at'curacy for ail clinic visilS. This subset was comprised of 254 subjects, after ail records 

with one or more 'fair' or 'poOf ratings on diet accuracy were removed. Analyses of the 

mcan intakes of ail dietary components for this more accurate subset are shown in Table 4, 

and show that these women consumed 2062 kcalld. The analyses in Table 4 which 

stratified by BM) and treatment categories will be discussed in later sections. 

The mean weight gain at delivery \\-as 12.8 kg (Table 3). Prior to diagnosis, at a 

mean gestational age of 32 weeks, women had gained an average of Il.3 kg, and during 

the 8 week treatment period women gained 1.4 kg. The rate of weight gain during 

treatment was 0.17 kg/wk. one-half of the pre-diagnostic rate of 035 kglwk. 

There are certain conditions. su ch as amniotic fluid volume disorders and preterrn 

lahor. whkh may arise dunng pregnancy more frequently among women with GDM. 
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Polyhydramnios i" an exces"i, e amount of tlllid in the ammotic sac as dl'tl'rlllllll'd h~ 

Illtrasollnd or dilllcall'valuatlOn: ohgohydramlllos 1<; the oppo .. ite. that .... a In\wr than 

normal amount of amniotlc tl uid. The fr ... qllenc~ of each of the ..... condition" \\ a ... hl'; . 

Pretenn lahor occllrred in 11.7(~ of the population studicd. and was <.'ontrnllrd \\ Ilh a 

medication. Rltodnne and hed relit. As prcterm ddi\el) was one of the l'xdu<;lon mll'na. 

women delivl'nng hefore 37 wl'eks wcre l'xcluded from the study. l'hl' ml'an gl'stallOnal 

length was 39 weeks: 87°/(' were dei iverl'd of Iheir infants hetwecn .n and.N Wl'l'J... .. 

gestation (ear:ler than usual because of induclions) 

Table .5 provides mformation on the labour and delivcry. 1 A'lbour wa~ mclUt'l'd in 

56% of the population. Sixty-seven percent of women delivered their infant<; vagmally. 

20% of whom reqUired elther low or mid-forceps during delivery. Onl'-thirct of 1 hl' l'ohort 

were delivered of their infants hy caesarean section. although only 1904, had pnmary 

caesarean sections. MaternaI morbldity during labour and delivery lIlc\udl'd varylllg 

degrl'es of laceration and dystocJa as a result of the IIlfant'" delivery. Sl'H're lal'l'mtiOlI'" 

(uterine rupture. cervical and 4th degree perineal laceratlons) occurred 1 n 1 H womcn. 

Shoulder dystocia occurs when the fetus' shoulders are unablc to descend nnrmally Ihrollgh 

the mothers' pelvis: the incidence of shoulder dystocla in this cohort was 2.3°k,. 

A • 2 Comparison of Body Mass Index Kroups 

Table 6 shows the result of bivariate analysls of several variables according to preprcgnancy 

BMI category. The underweight women were 'iigmficantly younger than the nther wl'ight 

groups. There was no difference in height among the four groups. Total welght gain, net 

weight gain (total gain less birthweight and placental weight) and welght gain at diagno<;i~ 

were significantly and inversely related to the women's pregravid HM\. 

Prior to diagnosis the underweight. normal welght and overweight women wcrc 

gaining weight at rates of 0.38, 037 and 0.34 kg/wk respectively. The raIes of wClght 

gain among the underweight and normal weight women were significantly hlgher thelO the 

obese women who gamed at the rate of 0.28 kg/wk (p<.OOO5). The post -diagno"tic rate of 

weight gain was significantly higher in the underweigh. wornen than In the obe'ie women 

(p<.02). A comparison of the mean rates of weight gam before and after dlagno'il" of 

- ---------------
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GDM revealed a range of reductions of 26% to 680/" with the institution of the diabetic di et. 

Ac, illllc,trated in the I-igure 4, this change was most marked in the higher BMI group'i. The 

recommended rate of weight gain during the second and third trimester ln nomlal pregnancy 

1 ... 0.34100.45 kg/wk (Health and Welfare 1(87) and as there is no standard 

recommendation for rate of weight gain in GDM pregnancy the normal range IS shown here 

for compari .. on. After diagnosis, 65% of the gestational diabetics gained below the 

recommended rate, including 26% of subjects who lost weight during treatment (Table 7). 

Differences in dietary intake among the BMI groups (Table 6), were observed only 

with respect to energy according to the analy'ies of the whole sample: however Table 4 

indicates that the more accllrate sllbset consumed different levels of protein as well. Withm 

this more accumte subset the heavier women consumed significantly more calories and 

grams of protein per day than the lighter women, although the differences were very small: 

the mean carhohydrate and fat intakes did not differ. Based on the pregravid body mass the 

energy intakes were very dilTerent among the groups (Table 6); they ranged from 24 kcal/kg 

in the obese women to 42 kcallkg in the underweight women (p<.OOO 1 ). 

A signilicantly greater proportion of under and nomlal weight women were treated 

hy diet alone compared with the overweight and obese women, who were more freqllently 

treated by diet and insulin. 80th fasting and post-prandial mean plasma glucose values 

during treatment were significantly higher in the heavier patients, although a11 met the 

,-'riteria for optimal diabetic control for this c1inic (fasting <5.0 mmol/L, 1 hr post-prandial 

<6.7 mmol/U. 

Lcngth of treatment refers to the period from diagnosis to delivery when the women 

were followed at the clinic. Treatment length was shorter for the underweight and normal 

weight women. Stratification by this variable indicated that treatment length was associated 

\Vith several of the weight variables (Table 8). Women treated for GDM for 9 weeks or 

more were heavier prior to pregnancy and at delivery; they gained less weight weight prior 

to diagnosis and more weight during treatment than those treated for a shorter period. 

Prepregnancy body mass index was not associated with the length of gestation. nor 

the proportion of women who had induced labour (Table 6). A greater percentage of 

overweight and ohese women were delivered of their infants by caesarean section. 
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A. J Comparison of treatment groups 

Treatrnent with dlet al one or dlet and insuhn was assOl'lated wllh many vanahlcs (l'ahle l)). 

Gestational diabetics treated with diet alone were ~igniticanlly younger. lighter and gainl'd 

weight at a higher rate pnor to diagnosis than thelr counterparts treated with diet and 

insulin. Total and net weight gain, and weight gain at diagnosis were signiticantly lo",er in 

the wornen treated with insulin. Rate of weight gain after diagllosls. fre'lllcncy nf 

smoking. and height were not different between the treatment groups. Withm the .. lIh~et of 

women with more accu rate dietary data (Table 4) the energy mtake~ were not signifll'antly 

diffcrent. The group treated with diet alone consurned more energy on the hasl" of 

pregravid body mass (kcal/kg). 

Those frealed with insulin had higher mean plasma glucose values and were 

diagnosed earlier in their pregnancy, as indicated by the longer treatment penod: their length 

of gestation was shorter and they had a greater proportIOn of deliveries hy caesarean 

section. The proportion of wornen who underwent mduction of lahor was not different 

between the treatment categories. 

A • 4 Ketonuria 

Correlation analysis was done in order to evaluate if the presence of urinary kelones W:l" 

associated with weight changes during treatment. Presence of ketonuna was recorded as 

none, mild. moderate or severe (for more detail see Methods section C 2). A vanable wa~ 

derived which calculated the change in weight between vigits and was tested hy correlation 

analysis with the presence of ketonuria reported during the sarne period. 

Table 10 shows lhat during the week after the first chnic ViSlt, ]4% of "lIhjects 

experienced ketonuria~ 15% of those were at moderate 10 severe level~. The proportion 

with ketonuria dropped to 20% the next week, then leveled off to 8 to 1 ()% of women 

having mild ketonuria between visits. 

The Speannan ranked correlation coefficients and level of significance for the firsl 

ten visits were calculated using the presence and severity of ketonuria <Table 10). 

Correlation analysis included only the tirst ten visits since the nllmber of observations al 
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each visil thereafler were too small for analysis. The ~'lble also provides the mean weight 

change and frequency of different levels of ketonuria at each visit upon which the 

correlation coefficients were based. There was signiticanl correlation between the weight 

Inc;c; and the amount of kelones spilled in the urine dunng the week prior to the second and 

fifth visits. Correlation was close to conventional significance (p<.05) for these variables 

prior tn the thlrd (p=.OtlI) and seventh (p=.077) vlsils as weil. 

A . S ElTed of tr'eatment on plasma glu~ose 

I-asling and post-prandial plasma glucose (Pei) values at the tirst dinic visit were compared 

to the average of the remalOlOg Pei values during follow-llp in order 10 assess how the 

initiation of treatment affected glycemia. Table Il presents the results of this analysis for 

both the entire sample and the subset of women treated by diet aJone. Treatment 

"igniticantly reduced fasting and post-prandial Pei for the entire cohort. When diel Was the 

only intervention, mean fasting PG decreased from 4.36 to 4.09 mmollL (p< 0.0001), and 

post -prandial PG did not change. Among the women treated by diet and inslllin me an 

fasting PG decreased significantly from 5.46 to 4.50 mmol/L. and the post-prandial values 

decreased from 6.98 to 6.19 mmol/L (p< 0.00(1). The goals for fasting and post-prandial 

glucose for this dînîc are 5.0 and 6.7 mmol/L respectively. 

B Infant Characteristics 

B.l Oveniew of the infant's anthropometri~ me_sares, morbidity and 
mort_lit y 

The anthropometric measurements of the neonates are shown 10 Table 12. The average 

birthweight was 3520 g. and ranged from 2170 g to ~5 g. The mean head circumference 

of the infants was 35.1 cm. and the mean body length was 51.2 cm. Placental weight. for 

which there were only 405 values, averaged 683 g. 

8îrthweight ratio is defined as the infant's birthweight divided by the mean 

hirthweight e:ltpected for the infant's gestational age, and is based on established growth 
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curws (Usher and MeLean 1(69). The menn hirth\,clght ratio was 1 (}(,. Hirthwclght tn 

placental welght ratio was derived hy dividmg the hirthwClghtlll gram" h)' the pl:u.'l'ntal 

weight in gram ... The nu'an B:P ratio for the "lIhset was 53 and ran~.!l'd t'wm.~ ~ tn ~ 1 

Maerosomia mean:; e'l{cessive growth. although dinically this tenn has hl'l'n u"ed to 

define a hlgh birthweight. Some researchers define macro .. ol1ua as i1 hn1hwl'ight of ~)()O g 

(Hoyd et al. 1983. Jacobson et al. 1989). others aS:1 birthwelght of ...J5()() g (Spcllaly l't al 

1985. Mondanlou et al 19&). while sorne use the definilion uf a hirthwelghl gn'ater than 

the 90th pereentile (Willrnan et al. 1(86). 

ln an attempt 10 define maerosomia among this cohort the mcuJenl'C of macrosomia 

al different intervals of birthweight and birthweight ralto was exammed (Table U). Thlrty 

five percent (151) of the babies had blrthweight ratios grealer than 1. H): 22% (97) of ail 

the infants had birthweight ratios of greaterthan 1.15. and IOllk+'-t) of the mfant .. had 

birthweight ratios at or above 1.25. Within the latter group IH(J!I' (~) of the mfants wClghed 

between 2501 and 3999 g. 52% (21) had birthweights between 4O(X) and #99 g .. ,()(~. (!J) 

had birthweight greater than or equal to 4500 g. Ali of the very heavy infant .. (>45()()g) l'l'II 

under the highest birthweight ratio category. and since that is the birthweight heheved tu he 

associated with negative consequences for the infant (Ales and Sant mi 1(89), a hlrthwclght 

ratio of greater than of equal to 1.25 was asslgned to define macrosomia for the pllrp()"C~ ot 

this study. 

The frequeney of infant morbldity and mortality 15 listed III Tahle 12. Plasma 

glucose (PG) was measured in 301 infants, and hypoglycemia defined as a PG<I (} 

mmollL (3OmgldU was reponed in 14 babies or 3.2% of the entire sample. U .. ing another 

commonly used definition of hypoglycernia «2.1 mmol/L or 40 mg/dL) 10 the newhorns 

gave rise to a frequency of 38 infants or 8.7% of the whole sample. Hyperbihruhinemia 

(serum bilirubin>205 JlmollL or 12 mg/dL) was found 12.2% of the hahies. Thlrty·nine 

neonates had elevated hernatocrit (>65%), known as polycytheml3. 

Birth trauma was 'reported for sorne of the infants. Three infants 'iustained frnctured 

clavicles al binh, while 2 developed facial paralysis and another 2 had hrnchial paralysi .. ; ail 

of these conditions normally resolve during the neonatal period. There were 26 

malformations identified among the neonates: they are listed in Table 14 and categori/ed a .. 
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cllhcr J1l1ll0r or major dcfomlltIC.,. One mfanl died shortly after hirth due 10 congenital 

malformalion ... , whil'h were described a<;: a -;ingle ventride, and a tracheo-esophageal 

li",tllia l'hl' mothcr of Ihl .. infant had a pregrmid HMI of 24 7 (Ilonnal \\eight group); she 

wa ... 22 Yt.'ar<; nid whcn "he was diagnosed with class A2 gestallOnal diabetes 34 days prior 

10 dcliwry. 

H.2 Comparison of infant charaderistics by DMI categories 

Slgmficanl differences were found in the bivariate analysis of mfant charactensitics by the 

maternai prepregnant.'}' HMI categones <Table 15). Infants bom to the ovemeight and 

ohcse mothers welghd more than the II1fants whose mothers were normal or lInderweight. 

The hlrth\\eight rallo (gestatlOnal-age adjusted birthweight) "as also significantly higher 

alllong Ihe heavier women. Placenta weight values were available for only 405 of the 

infants and were hlgher among the higher BMI categories. Stratification by SMI categories 

revealed thal as HMI increased. birthweight-to-placental welght ratio decreased: this 

ncgallve as!.oclalion was dose to conventional statistical significance (p=0.0578). 

B . J Comparison of infant charaderistics by treatment categories 

l:-lhle 16 show<; that bahies bom to mothers who received insulin during treatment weighed 

an average of 120 g more than those bom to mothers treated by dlet alone (p< 0.~7). 

The mean hirthweight ratio and placental weight were also higher among those treated with 

IIlslllin. Mean blrthweight-to-placental \\eight ratio of women treated by diet was higher 

(533) than Ihe ratio of those treated by diet and inslllin (5.17); a difference which was 

close to statisticaJ significance (p=0.065). 

H . .. Comparison 01 maternai and infant cbaracteristics by birtbweigbt 
ratio categories 

A hirthweight ratio of less than or equal to 0.85 represented smalt-for gestational-age 

(SGA) babies (6.7%): a ratio of 0.86 to 1.10 indicated that the baby's blrthweight was 

ilvcrage-for-gestational-age (AGA) (.58.7%): and a ratio of greater than 1. \0 indicated a 

large-for-gestational-age baby (LGA) (34.6%). In Table 17. the bivariate anaJysis of 



1 birthweight ratio categories and maternai factor .. associated with infant \\ eight an.' shown. 

The proportIOn of smoke-rs among the women who gave hlrth to S( lA hahll's wa .. 

higher than those with AGA hables and UiA babit''' (1'<.02). Thl'n' \\a" no dith'n.'IU.'I.' 

between the mother's age or height among the different hirthwelght ratIo I.·atl.'gnne~. 

Prcpregnancy body mass mde, was siglllfll'iUltly lower in thl.' WOllll'n ddlH'n'd or 
AGA babies than those \\'Ith LGA hahies. The Illothers of S(.A infanl, al"o gallll'd le,," 

weight pnor to diagnosis. Weight gain during treatment wa" Ilot dittl'rl'nt among thl'Ihrel' 

groups. 

The mothers who delivered 1 J'A infants had more Sl'vcre gt, .. talional diahelt'~ 11<; 

indicated by their higher mean plasma glucose value .... ('nmpared to tl1l' othl'r hlrtll\\ l'ighl 

ratio groups, the mothers of LGA hahie" were treated more frequently with lIl"ulin 

(p<.OOI). The mean daily intake of energy and macronutrient" (hd nol diftl'r élmong Ihe 

birthweight ratio groups. The I.GA babies were dehvered carhcr, al a ml'an gc~lational agI.' 

of 38.8 weeks compared to the SGA babies who were dehvcred al ail average 01 .N.t, 

weeks gestation. However there was not a difference in frt'quency ot mdul'llon of labm 

among SGA. AGA and LGA, and although the trend wa" in Ihl.' l'xperll'd dm'clion, Ihe 

molhers of the heavier babies did not have sigmlicanlly more cae ... arcan ... el'llon ... 'l'hl' 

average birthweight to placental ratio \Vas not difft'rent hctween th .. hirthwl'Ight ratio 

categories. 

Ove ra Il the mothers of the I.GA infants were heavler preprcgnancy: <;mokt'd le~~ 

during pregnancy: ate fewer kilocalories/kg during treatment: gained more weight 

throughout prcgnancy, including prior to diagnc"" .. hut not dllring treatment: they wcrl' 

more likely to take insulin, had higher mean fa~ting and post-prandial pla"ma glucŒc 

values, and had a short cr length of gc<;tation. 

B. S Seeular trends of maternai and infant eharactl'ristil's 

Bivariate analysis was donc ofllHlmerous variable" to cvaluate thc pre ... encc of ... et'ular 

trends which ma)' have occurred over the II-year <;tudy penod. Vanablc ... were analYl.cd for 

each year of the study, except for the fir .. t four ycars which were collap'iCd tn provide 

enough subjects for comparison (n=51 ). 
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Women who <;tarted treatment in 1983 or earlier consumed significantly less 

kllocalorielJday than tho'iC who started at the clinic between 1<)86 and 1988 (p<O.OOOJ ): 

thesc women :.1"0 conslImed le.;;" keal/kg than the women diagnosed in 1<}88 (p<O.OO12), 

other year .. wcrc not different in terms of energy intake. Mean fasting plasma glucose was 

higher dllring 1979-19tB than during 1987 and 1988 (p<O.OOOI); no other years were 

.. ignificantly dlfferent. The one-hour post-prandial value was signitïcantly higher between 

1979 and 1983 than III ail other years thereafter. Mean birthweight was higher prior to 

19fW comparcd wlth 1988 (p<.OOOI), otherwise there were no differenc·es. Birthweight 

ratio wa~ greatcr in thc early period than in 1989 only. Analyses by the above method did 

not indicate a ditfercncc 111 proportion of women on diet alone versus diet and insulin over 

the Il ycar .. tudy period. 

C Predidors of Infant Birthweight 

C.I Multiple lineur regression 

Regression analysis was conductcd on this sample to detennine the extent and direction of 

the effcl,t that several independent variables have on the dependent variahles, birthweight 

and birthweight ratio. Hirthweight ratio was used as an outcome variable 10 provide a more 

precise model, hecallsc it involves adjllstment for gestational age with each infant's 

hirthweight. The rcgresslon model with birthweight as the dependent variable controls for 

gestational age as it docs for the other independent variables. which makes il less precise 

since thi!'. method relies on a good fit to the statistical mode!. Although hirthweight ratio 

provides a more precise regresslOn mode!. the regression coefficients for the birthweight 

mode! have more practical application in terms of providing grams of hirthweight affected 

hy each l'ausal fal'tor; for these reasons regression data tables include results of analyses 

with hoth OlllcOIne variahles. 

Correlation analysis was condhcted to evaluate which covariates were highly 

associated and should therefore nol he in the same regression model (Table 18). Variables 

WCrt.' removed from thl' model if they were not statistically significant. A "core" set of 

signitïcant l'ontrol variables was determined and used to analyze the independent effects of 

1 



1 other variables entered into the model individually. 

C .1 Whole sample N=4l6 

Table 19 provides a sllmmary of the univariate regression coeffeclcnt" and si"\ .,t'lel'h.'d 

regresslon models. l'he more detailed regression analysls re"ults for these models and 

others are in Appendix VI (Tables 19a ta 191). l'olumn 1 ofTahle 19 .,hows the regrcs!-.ion 

coefficients for each of the independent variable for purpOSt'" of comparison wilh Ihl' fllil 

regression models in the next six eolumns. 

Initially twelve independent variables \Vere entered inlo a nmltlple regre.,.,ion model 

to determine their independent effects on blrthweight and hirthwelght ratio. Colllrnn 2 

(Table 19a) shows the results of this analysis. Gestational age, BM!' helght. <;mo\"lIlg. 

infant gender, mean fasting plasma glucose (PG), and rate ofwelght gain pnor 10 diagnosl'" 

were found to be predictors of infant birthweight. The regresslon coefficient (fi eslimale) 

provides the estimated amount and direction of change in birthweight per unit of cach 

predictor (independent variable) listed. For example. for every addltlOnal day of gec;tallOn. 

birthweight will increase by about Il g, and this value lies appro"\imalcly betwcen .s and 

17 grams of birthweight with 95% confidence (confidence interval=: f3±2{ 'ltandard error}). 

The following variables were removed beeause they were not <;ignificant· maternai age al 

diagnosis. treatment category. rate of weight gain during trealment, and mean dmly energ.y 

intake. The dietary data of the whole sample was used, sinee Ihe difference5. œlween Ihe 

subset with good diet accuracy and the whole sam pit' werre minimal. As welllhe numbl'r 

of observations used in the regression would have been redllced to 254 from 436, and the p 

value could not have changed to a signjficant level from 0.91Œ (as shown in Table 19a). 

Length of treatment was not significant by conventional measlIres (p=O.1334), however 

with a p value of less than 0.20 it was suggestive of an assocmtion with blrthweight ami '>0 

was used in later regressions. Level of education was not sigmficant (p>O.40) when 

entered into the above mode!. Since the number of observations was reduced from 4.3610 

345 due to missing data on years of schooling, this variable was excluded and the above 

model was repeated without education level. 

The next regression, shown in column 3 (l'able 19b), included 9 variables which 
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accounled for 23.5~ of the variation in birthweight. I.englh of treatment was not found to 

he il prediclor of hirthweight; however it was highly correlated with gestational age, BM!. 

and rate of weight gain prior 10 diagnosis. 

Rate of weighl gain before diagnosis was highly correlated with length of treatment 

Ir= 0.164. p«)JlOl ). and therefore the regression pl'esented in column 4 (Table 19c) 

exdudcd raIe of welght gain to distinguish the effect of length of treatment. After control 

for gestational age, BMI. heighl, smoking, lOfant gender, parity and mean fasling PG, 

length of treatment was mversely related 10 birthweight. 

B,.'- .Il1se of the correlation of .lUmerous variables a model was developed with five 

clements whil'h were found to be consistent predictors of birthweight: gestational age (for 

birthweight model only), maternai height, prepregnancy BMI. smoking status, and infant 

gender. as "hown in column 5 (Table 19d). This model accounted for) 1.6% of the 

varialion in birthweighl and 8.9% of the variation in birthweight ratio. After controlling for 

Ihese five prediclors several variables were entered individually into the regression mode!. 

Column 6 and 7 presenllhe results of multiple regression witb the core model plus rate of 

weighl gain prior to diagnosis and fasting plasma glucose respectively. Other results are 

shown in Tables 199 to 191 (Appendix VI). The covariates found to be significant 

delerminants of birthweight and birthweight ratio were: days of treatment. lotal weight 

gain. pre-diagnostic welght gain and rate of weight gain, insulin dosage. and mean fasting 

and post-prandial plasma glucose. Whether treatmenl included insulin or nol was a 

significant predictorfor birthweight ratio only (Table 190. Using the same model. rate of 

weighl gain during treatment. and mean energy, carbohydrate, protein and fat intakes 

during treatment were not found to he predictors of birthweight. These regressions were 

fedone in the subset ofwomen with good accuracy for the di etaI')' information (n=254) and 

the results were no differellt. The regression analyses described above were also repealed 

after excluding the second pregnancy of 23 women who appeared in the study twice; as the 

results were no different, these second pregnancies were included in subsequent analyses. 

C . 3 ReWftssion analysis by body .... ss indell c:atewories 

Body mass index was consistently a strong predictor in the analyses of the entire sample of 
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.B6 women, as weil as in smaller detined suhsets of \\ nmt'n. In ordl'r tll l'\ aillait' tlll' 

strength and direction of predictors of infant hirthwcight arnong the lightt'r ycr ... u'\ thl' 

heavier women. regre<;sion analysls \\ as done for three dlffert'nt HMIl'ategont'" 

underweight IBMI < 19 8). normal wl'Ight (HMI 198-26), and the ovco\.Clght ami Ohl .... C 

together IBMI>26). 

Wilhm the underweight group of 52 \\-ornen regres"lOn analy'\e ... yielded only 1"'0 

significant predictors of infant birthweight: maternai helghl and gestalionallength. rahll' 

20 summanzes the results of seven multiple regressllln analy ... es of prcùlt.·turs of 

birthweight according 10 prepregnancy SMI: co'umn 1 and 2 pre'\ent the regres'\llln 

coefficients of the 245 normal weight women and colurnns] 107 present the regre"'iHlIl 

coefficients of analyses of Ihe overwelght and obese women. The more delailed regrt''\sion 

tables (20a to 2Oc) are in Appendix VII and show the, .. igniticance levc\. and ... tandard error 

for each variable. These resuJts mdicate that among the normal weight \\'oml'n the "l'(m'" 

variables: gestationallength, body malis index, maternai height, <;l11okmg and III fa nt '\ex are 

significanl predictors of birthweight, which logether accounted for IW~· of the \anatlolllll 

birthweighl (column 2), length of trealmenl was not predit'Ilve of IOfanl hlrthwelghl atlt'r 

adjusting for the core variables. After ('ont roi for these core vanahlcs, rate ot welght galfl 

prior to diagnosis is positively associated wllh blrthweight, whlle maternai age and fa ... tmg 

plasma glucose were not associaled with birthwelght (column 1) 

The results of the regressions of the heavier wornen are presented HI culumn J 

(Table 2Ob). and indicate that significanl predictors of mfant birthwclght among the 

overweight and obese women are smoking, rate of weight gain pnor to dlagno'\I'-, ami 

mean fasting plasma glucose: this rnodel accounted for 25.9% of the variatIOn III 

birthweight. Column 4 presents the core variables, whlch account for only 4 2(~, of the 

variation in birthweight aomng the heavy women. Length of lrealment was found 10 he 

negatively associated with birt.hweighl in the heavier women, after conlrol for the l'Ore 

variables (column 5). When rate of weighl gam before diagnosls was rcgrc,sed .. galn'!t 

birthweight with no other independent vanables except the intercept (column 6). 12.qnj" of 

the variation in birthweight was eltplamed. Similarly fasting plasma glucoc;e alonc 

explained 11.8% of the varitation in blrthweight in the heavier women (colllmn 7) When 
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the ohcsc women were "tudied alone u"ing "imilar regression models (l'ahle 2Oc. 

Appcndix VII) the .... gniticant predlctors of hlrthweight were rate of weight gain and fasting 

pei. 

C .4 Subset of women treated with diet alone (n=272) 

A linear regres<;ion model was applied to a subset of women treated by diet alone, and is 

..,hown in Tahle 21. By removing those treated with insulin, the treatment period can then 

represent the length of the restricted dietary reglmen alone. After control for pregravld 

BMI. maternai helght <;moklOg, infant sex. and mean fasting plasma glucose. length of 

treatment remained negatively associated with infant birthweight. Mean fastlOg PO was no 

longer a significant prediclor of infant birthweight among women treated by diel alone and 

maternai height was less significant in the diet alone group (p=O.0822) than for the whole 

sample (p=O.0069). 

The limited vanability between subjects rendered the dietary componenls (energy. 

protein and carbohydrale) non-signifieant as predictors. however length of lreatmenl for 

Ihis subsel may serve as a proxy for the effect of the length of dietary treatment on 

hirthweight. Thus each day of treatment by diel alone reduced birthweight by 2.3 g. as 

.. hown in làble 21. 

c . S Predidors or mean rastiDI plasma Ilu~ose (n=436) 

Multiple regression analysis was carried oui on models with fasting plasma glucose (PG) as 

the outcome variable and various potential predictor vari~bles. The results are shown in 

Tahle 22. Body mass index, maternai age, rate of weight gain prior to diagnosis and 

diagnosis at delivery were ail prediclors of fasting PG duriug trealment, and after conlrol 

for these variables mean daily energy, carbohydrate. and protein intake were ail negatively 

associated with PG. Fat intake was not significant in these regressions. 

c . 6 LOlisti~ relftssion to evalDate fadors iDftaenrÎDI ma~rosomia 

Macrosomia was defined as a birthweight ratio ~ 1.25, as described earlier in section B.I. 

The incidence of macrosomia by this definition was 10.1 %. Table 23 presents the 
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1 incidence of macroc;omia according 10 the inter\'al \'anahll'" li.,led: .,lgmIÎc:lm'l' \\:1" 

detennined by the Chi-square test to detenmne If Ihe frequcnl'Y of mal'W<;OIllHl IIIlhe 

categones was hy chance alone. Macrosolllia (xTurrt'd more nflcn \\ Ilh 11Ighl'r HMI and 

fasling plasma glucose. but not with increasing le\'clc; 01 \\l'ighl gallll p- IO:!) Multlpll' 

loglsnic regresslon was perfonned to idenlif~ predlctors of macro.,ol11Ja IIllhl., poplllallOl1 

(l'able 24). The odds ratio and confidence IIlten'al werc eakulaled for cal'h paranll'Il'r 

entered into the logistic mode!. The results mdicated thal the odd .. of ha\'lng a m:lao.,nmll' 

infant signilicantly increase wlth IIlcreaslOg HM!. weighl gain prim lu diagno ... I .... la.,llIlg 

PO, maternai age but not helght. 



t Table 2. Maternai ~haraderisti~s fn=436) 

Characteristic n % 

Maternai age ()' ro;) 
<20 5 \.1 
20-24 46 10.6 
25-29 121 27.8 
30-34 146 3.:t5 
~.\5 118 27.1 

Parity 
Nlilliparous 173 39.7 
Primiparous 152 34.9 
Multiparolls III 25.4 

Smokcr dunng prcgnancy (dg/day) 
Total 96 22.0 
<10 34 7.8 
10-20 45 10.3 
>20 17 3.9 

Race 
White 244 70.7 
Black 21 6.1 
Oriental 29 8.4 
t-=..ast Indian 25 7.2 
Other 26 7.5 
missing 91 

y cars of schooling 
0-8 18 5.3 
9-11 100 29.2 
12-13 77 22.5 
14-17 106 31.0 
>17 41 12.0 
unknown 91 

Alcohol consumed during pregnancy 
none 311 71.3 
occasional 105 24.1 
1 or more drinks/day 4 0.9 
unspecitied 16 3.7 

Social drugs 
none 415 95.2 
cannabis 5 1.1 
ullspecified 16 3.7 

Prepregnancy BMI category 
Underweight « 19.8) 52 11.9 
Normal ( 19.8 - 26.0) 244 56.0 
Overweight (26.1 - 29.0) 44 10.1 
Obese (>29.0) 96 22.0 
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1 Table J. Maternai charaderistics during treatment (n=-lJ6) 1 

CharaCICrlsllC 

DHignosls al dclivcr} (trealment) 
Impatred glul'ose toleram.'c (dieO 
Class Ail dlct) 
Cla<;s A2 (d":'1 and Insultn) 

Mean gestatlonal age 
at diagnosis (wks) 

Mean dietary II1take during treatment 
Energy (II.calld) 
Carbohydrate 1 g/d) 
Protem (g/d) 
Fat (g/d) 

Distribution of energy (%) 

Carbohydrale 
Protem 
Fat 

Mean weighl gain (kg) 
Total 
Prediagnosis 
PostdiagnoSis 

Raleofweight gain (kg/wk) 
Pre-diagnosis 
Posl-dlagnosis 

Amniotic tluid volume disorders 
Polyhydramnios 
Oligohydramnios 

Prelerm labor (wlthout preterm delivery) 

Gestationallength (weeks) 
37 
38 
39 
~ 
.... 1 
>41 

Il 1',( 

19,3 
-B.6 
:n.2 

31.9 ± 5.0 

2047±I21 
17 1 ±2 .... 
99±15 

106±17 

]4 
\9 
47 

12.76± 5.61 
Il.32 ± 5.74 

1.44 ± 2.42 

0.35 ± 0.17 
0.17 ± 0.34 

26 
27 

6.0 
6.2 

51 11.7 

61 14.0 
154 .l5.3 
165 37.8 
41 9.4 
Il 2.5 
4 0.9 

1 mean ± standard deviation. unless otherwise specitied 
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Table 4 "fary variahlH for th08e wilh good dieta«ur.y 81100% orthe l'Mils (n=lS4) 

Susbet and variable 

WhoIe sub8e1 
Energy (k':al) 
Célrbohydf"dte (g) 

Prolein (g) 

Ky RMI cateworïes 

F..nergy (kcal) 
Carbohydrale (g) 
Prolcin (g) 

Ky treatmmt eaa.,..ïes 

Energy (kcal) 
Carbohydrate (g) 
Protein (g) 

Daily 1 ntake (mean ± std dev) 

20621:124 
171±25 
99±15 

lInderweight 
«19.8) 
n =37 

2049±97 
170±25 
97±14 

Nonnal 
( 19.8-26) 
n = 141 

2046±118 
168±24 
Cf7±15 

Diet only 
(n =172) 

2055±120 
1 66±25 
96±15 

Overweight 
(26.1-29) 

n = 25 

2Œ5.t176 
174±24 
103±17 

Diet and (nsulin 
(n =82) 

2078±129 
181±21 
106±14 

Obese 
(>29) p value 
n = 51 

2106±116 0.017 
178±26 n.s. 
105±15 0.012 

p value 

n.s. 
0.0001 
0.0001 
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Table S. Charaderistics ol1abor and œlivery (N=4J6. 

Characteristic 

Mean gestational length ( \\ ,,~) 

Laror mduced 
Deliver} 

Vaginal. !-.pontancous 
Vaginal: low-forccps 

mid-forceps 
Caesarean section 

primary 
repeat 

MaternaI morb.dil\ 
Laceration • 

uterine rupture 
cervical laccmtion 
vaginal laceration 
penneal: 1 st degree 

2nd dcgrcc 
3rd degree 
4th degree 

multiple laceration 
DystocIa 

• mean ± standard de\'iation 

Il f~'( 

39.0± 1.0' 

246 

2,3 
34 
24 

82 
63 

1 
7 

14 
36 
29 
19 
10 
() 

10 

::6.4 

53.4 
78 
S5 

18.8 
14.4 

0.2 
1.6 
.t2 
8..1 
6.7 
4.4 
2.3 
lA 
23 



1 Table 6. Variables accordinl to ~reprelnancy body mass index catelory 1 

lJnderweight Normal Overwel§ht Obese 
«19.8) ( 19.8-26) (26.1-2 ) (>29) p value 

Variahle n = 52 n =: 244 n -= 44 n =96 

Smnkcr (%) 19.2 21.2 22.7 253 >0.0.5. 

Age at diagno<;i<; 29.9±5.1 .11 .6±5.0 .U.5±5.2 .11.6±5.3 0.009 

Hl'ight (cm) 1.60±.O7 1.6I±O.06 1..59±0.07 1.61±0.09 0.451 

Weight gain (kg) 
Total 14.46±5.07 1.15h4.70 1 2. 28±6.06 1 O.05± 7.03 0.0001 
Nt,t l 10.20±4.67 8.75±5.23 6.P!7±6.58 4.91±7.25 0.0001 
At diagno.,i" 12.72±459 12.10±4.82 10.97±6.24 8.72±731 0.000 1 
During trcatmeM 1.74± 1.69 1.44±2.25 130±2.55 1.34±3.03 0.771 

Rate of gain (kg/week) 
Pre-diagnosis 0.38±O.15 0 .. ~7±0.15 0.34±0.19 0.28±O.24 .0005 
Po"t -diagnosis O.28±O.28 0.17±O.35 0.II±O.29 0.11±0.37 .02 

Mean (helary inlake 
~nergy (keal/d) 2047±117 2034±115 2061±149 2074±119 0.0365 
('arhohydrate ( g/d) 171±25 171±28 1 75±2 1 1 78±24 0.125 
Protein (g/d) 98±14 98±J5 102±15 102±15 0.100 
h" (g/d) 108±19 106±17 106±19 1 06± 17 0.110 

Diet pcr pregravid 
mass (keal/kg) 42.3±4.5 34.8±3.6 29.9±2.8 21.9±3.8 0.0001 

Trcatment (%) 
Diel 84.6 71.4 45.5 34.7 0.0001 

Mean bloOO glucose (mmol/L) 
fasting 4.0±0.4 43±O.5 4.6±O.8 4.7±0.7 0.0001 
1 hr post-prandial 5.7±1.1 5.9±O.9 6.I±O.8 6.4±1.0 0.0001 

Treatmenllength (wks) 5.8±2.5 6.5±3.7 8.0±5.9 8.7±6.7 0.0001 

Gcslationallen,th (wks) 38.9±O.9 39.0±0.9 39.1 ± LI 38.8±1.0 0.150 
Induced labor %) 51.9 59.6 52.3 52.6 >0.05 

C'aesarean section (%) 28.9 30.2 38.6 41.1 .039 

1 l11ean ± slândard devlahon 
l total weight gain less birthweight and placental weight 

1 
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Figure 4. Comparison of Pre- and Post-diagnostic 
rate of weight gain by SMI categories 
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'fable 7. Kate orwl'ÏRht ,,_ after dÎ!llnosw 

('Iass of raIe of weight gain 

Very low 
Low 
Nonnal 
High 
Very hlgh 

-1.4100 kglwk 
0100.2 kglwk 

o_~ 100.4 kglwk 
05100.7 kglwk 
0.810 2.0 kglwk 

frequency 

112 
171 
105 
J9 

9 

Percent 

25.7 
39.2 
24.1 
8.9 
2.1 

Tlllbie 8. WeÏlht variables arcordinaI to weeks of treabnent 

Weeks of treatment 
Variable (kg) <4 4t05 6t08 90rmore 

Pregravid weight 6.~.8) 64.88 62.14 69.90 
Wcighl al diagnosis n:n n.15 73.20 78.44 
Weighl prior 10 delivery n.48 n.'if1 74.82 81.61 

Wcighl gain prior 10 diagnosis 13.47 12.27 ll.œ 8.54 
Wcighl gain during treatmenl 0.22 0.72 1.62 3.17 

p value 

.0025 

.œ n.s. 

.01 

.0001 

.0001 



1 Table 9. Seleded matemall'ariables acoorcling to trœtment group 1 

Diet only Dlct and Insulm 
Variable (n =272\ (n::: ItH) Il value 

Smoker (%) 2104 19 ~ Al.OS 

Age (years) .~ 1.1±'s.1 n .. h's.1 O.OI7h 

Height (cm) 1.61±.08 1 hl±O'<lh 0.977 

Body mass index (kglm~) 23.8±'s.2 27.7±604 o,()(X) 1 

Weight gain (kg) 
Total 1 333±'s.19 Il.79±6.16 O.()(),54 

Net l 8.44±'s.82 6.97±6 .• U O.OI.~H 

At diagnosis 12.2O±'s.17 9.8l±634 O.OOl\ 
During treatment LI 3± 1.98 1.96t2.94 O,(XllS 

Rate of gain (kglweek) 
Pre·diagnosis 036±O.15 O.32±O.26 OOŒ7 
Post-diagnosis O.16±O36 O.18±<UI O.54H 

Mean dietary intake 
Energy (kcal/d) 2033±117 2069±12~ n.non 
Carbohydrate (gld) 168±24 182±21 o.oml 
Protein (gld) 96±15 I04±13 O,(Xlll 
Fat (gld) 109±18 I03±IS o (Xl)2 

Diet per pregravid 
mass (kcallkg) 343±6.2 30.3±6.8 o.oml 

Mean blood glucose (mmollU 
Fasting 4.I±O.4 4.7±O.7 O,()(X) 1 

1 hr post-prandial 5.7±<l8 6.5±I.O o.oml 

Treatment length (wks) 5.SB.3 9.1±6.0 O,()(X)I 

Gestationallength (wks) 39.I±O.9 38.8±I.O O.om5 

Induced labor (%) 58.8 52.5 :>(l.O5 

C'aesarean section (%) 29.4 39.6 0.028 

1 mean ± standard deviation. unless otherwise specified 
llotal weight gain less birthweight and placental weight 

1 



Table 10. Spearman ~orrelation analysis ofweekly weight ~hanKeS and ketonuria 

Correlation Mean weight Presence of ketonuria (% ) NI 
Visit coefficient pvalue change none mild mod severe observ. 

2 -0.141 0.004 -0.14 66.4 17.5 9.2 6.9 423 
3 -0.001 0.061 0.29 79.8 1.6 6.7 1.9 421 
4 -0.Œ9 0.457 0.28 86.3 7.8 5.7 0.3 371 
5 -0.140 0.014 0.35 88.1 9.0 2.9 0.0 310 
(, -0.014 0.830 031 89.6 8.8 1.6 0.0 251 
7 -0.132 0.0/7 039 89.6 9.3 1.1 0.0 182 
8 -0.Œ2 0.342 034 92.8 6.5 0.7 0.0 139 
9 O.<m 0.999 034 90.5 8.4 1.1 0.0 95 
10 -0.059 0.613 038 92.2 6.5 1.3 0.0 il 
Il -0.Œ4 0537 039 91.2 8.8 0.0 0.0 57 

1 number of observations used in caluculations for each visit 

l 
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Table Il. Comparison of plasma glucose at initial visit with remainin~ visits 

Mean Median Std dey p value 

Ail women, n=4J6 

Fasting PG (mmol/U 
Initiai visit 4.80 
Remaining vIsits 4.22 

Post-prandial PG (mmollL) 
Initial visit 6.29 
Remaming VISitS 5.93 

Diet alone, n=272 

Fasting PG (mmoI/L) 
Initial visit 4.36 
Remaining visits 4.09 

Post-prandial PG (mmol/L) 
Initial visit 5.76 
Remaining visits 5.72 

Insulin and diet treatment, n=l64 

Fasting PG (mmol/L) 
Initial visit 5.46 
Remaining visits 4.50 

Post-prandial PG (mmoIlL) 
Initial visit 6.98 
Remaining visits 6.19 

4.59 
4.19 

6.16 
5.83 

4.37 
4.12 

5.80 
5.70 

5. JO 
4.46 

6.53 
6.01 

1.24 
0.53 

1.65 
1.09 

0.60 
0.42 

\.21 
1.04 

\.54 
0.59 

1.81 
0.93 

o.OOO! 

0.0001 

0.0001 

0.3927 

0.0001 

0.0001 
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'l'able 12. Inlormation on th,> infant .. (N=436) 

( ·haraclcn<.,tlc 

Ml';m IIconalal .If)thrupomctm:~ 1 

Hlrth\\-elghl (g) 
Head cm:llll1ferenn' (l.·m) 

l..cngth ({:Ill) 

Plaœntal \\-cight (g) 

Mcan IIl'llllalal ratio" 1 

Hlrth\\ CI ght ~ 
Birth\\'cight 10 placental wClght 

Inlant "l'X 

Fcmalc 
Male 

Infant J110rhidlty 
Hypoglycenua\ 
Hyperhilirubmemia 1 

P()lyl'ythemia~ 

hactureu cJavicie at birth 
Paralysi~: facial 

brachial 
Malfonnations" 

Infant mortality 

1 Mean ± standard dcnalion 

Il 

3520±~ 
.'\5.\ ± 1.5 
51.2 ± 2.5 
683 ± 136 

198 
238 

I~ 
53 
39 

3 
2 
2 

26 
1 

1.()6 ± 0.1'+ 
5.27 ±0.84 

45.4-
54.6 

3.2 
12.2 
8.9 
0.7 
0.5 
0.5 
5.6 
0.2 

~ Infant hlrthwelght di\.'lded by the standard blrthwelght for 
thl' infant's gestational age (lJsher and McLean. 19(9) 

\ Plasma ghl<.'ose < 1.6 mmolll (30 mg/dl) 
1 Serum hllimbll1 > 205 Jlmol/l ( 12 mg/dU 
.; HCl11éltoCrit > 65% 
" Sel' Table 14 for occurrence and classification 

Table Il. FrequeMy of macrosomia by birthweight and bia tbweight 
ratio (0=151) 

-,-----
Birthwcight ratio catcgory 

Birthwclght (g) >1.I0to 1.15 > 1.15 to < 1.25 ~1.25 Total 

<4000 50 33 8 91 
~+l99 4 20 23 47 
~5(l) 0 0 13 13 

Total 54 53 44 151 



1 l'ahle .". ()(>l'Urrl'nCl" and dassirll'ation of malformations (n=26) 

Maltomlatioll 

Prc~H1nl'lIlar <;!...in tag 
Malfnrllll'd l'arlonl'<' 
Supemul11crary rCt.'th 
Mal'rnccphal ~ 
l'Inar ('\Ira digit 
lllllialcrai duh foot 
Bilateral c1uh fOOI 

F-oot deforllllly 
Hcmanglr.ma. nat 
HfSl dcgrl'c h) po"padiao;; 
lln<;pecllied degree of hypo'\apdills 
Telrolog) of rallot 
Nat.'\1 
Syndal'I) Iy 
rri<;omy 21, harehp. deft palale. partial cryplofl'hic!Jsm 
Single ventricle. tracheo-esophageal tislula 1 

Cleft palalc. unspecitied degrcc of hypospachu<; 
Bllaterall'hoanal alresia 

1 Neonalc died 

( '1 a..,.., IIi l'.' 1 Il 1fI 

1\111 wr l\ 1.1I11r 

4 
1 ., 
"-

., 
1 
1 
1 
2 
1 
1 
1 .., 
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'fable IS. Infant ~h.raderistks ac~ording to prepregnan~y BMI category 1 

Underweight Normal Overwei~ht Obese 
« 19.8) ( 19.8-26) (26.1-2 ) (>29) 

Variable ri = 52 n=244 n =-W n =96 

Alrthweight (g) 3411±513 3478±407 3629±452 3635±554 

Birthwcight ratiol 1.03±O.15 1.05±0.13 1.09±0.41 I.II±O. J7 

Plarcnt,l wClght (g) 
(n=405) fl70±157 664±117 722±135 732±154 

Airthwclght to placental 
weight rallo 5.25±0.88 5.36±O.83 5.15±0.72 5.09±0.87 

1 mean ± standard deviation 
2 infant bll1hwelghl dlvided by the standard birthweight for the infant's gestational age 
(llsherand McLean. 1969) 

Table 16. Infant ~haracteristics accordiDg tu tratment .00P 1 

Dietonly Diet and losulin 
Variable (0 =272) (n = 164) P value 

Birthweight (g) 3475:t440 3596±498 0.0Œ7 

AirthwcIght mtio 1.04±0.13 1.I0:t0.16 0.0001 

Placenta weight (g) fLJ9±127 711±144. 0.0020 

Ai rth.weight. to placental 
welght rntlo 5.33±O.84 5.17±().83 0.0672 

1 mean ± standard deviation 

p value 

0.0045 

0.0008 

0.0002 

0.0578 



1 Table 17. Selected variables amwding to birthweiRftt ratio ('8t~Ws 1 

SGA AGA IJ.A 
(..;0.85) (O.Sh-1 10) (> I.\()) 
n = 29 n =: :!:;t) n -= 151 P \ .. ltll' 

Smoker (IYd .n.9 2 .. l6 1 .... 6 0.002 

Age al diagnosl<; 3181:4.6 315:+·5.1 ~I 7+ 5.3 O~I 

Helght (l'ID) 1 59±.()6 1.61±O.O6 1 61+().t~ on7h 

Body mass mdcx (kglm:) 2 .... 2±6.8 24.7+5.6 26.5±6.3 o (lO-"h 

Welght gain (kg) 
Total 9.94 .... 3.34 1 2. 22 .... 5.SH 14.21 :t..';.6K n.mo 1 
Net l 534i:4.69 7.58±6. \3 8.75±6.02 0.0155 
At diagnosis 8037+3.78 IO.74±.5.6J 12.HR.t..S M o.()()() 1 
During treatment 1 57± 1.66 1.48±2.35 1 .. H±2.64 0.7876 

RaIe of gain (kglweek) 
Pre-diagnosls O.25±O.II O .. lhO.18 () 40·!:O. 18 (l.()O() 1 
Posl-dlagnosis O.21±O33 O.17±ü.J4 o 14±O.~6 () "lH5 

Mean dictary intake 
Energy (kcalld) 2039±104 2046±\ \8 2050-tl29 ().~21 

Carbohydrale (gld) I7ltl7 1 74±24 172±25 OtlOl9 
Protein (gld) 97±IO 100±15 99-t 16 () 765(, 
Fat (g/d) I08±I'" 106±17 107±18 () 7324 

Dil'I per pregravid 
mass (kcallkg) 35.4:±8.3 33.5±6.5 31.2±6.4 O.l)(X)4 

T realmenl (%) 
Diet 69.0 68.4 51.0 n.no 1 

Mean blood glucose (mmollL) 
Fasting 4. 2±O. 5 4.3:tO.5 .... S±Q. 8 O.()OOI 
1 hr post-prandial 5.7±I.O 5.8:tO.8 6.4±1.1 O,(X)O 1 

Trealmenl length (wks) 7.2±4.1 7.1±6.5 6.9:t5.J () (J041 

Gestationallength (wks) 39.6±1.4 39.0±O.9 3R8±Q.9 O.O()O2 

Induced labor (%) 44.8 59.0 54.3 A) OS 

Caesarean section (%) 27.6 313 37.8 A>.05 

Mean birthweight (g) 2753±44 3329± 16 3<})1± 27 o.nool 
Placenta weight (g) (n=405) 538±117 654±113 76.1±\30 :>{).O5 

Birthweight 10 placcntal 
weight ratio 523±I.OO 5.2I±O.79 5.36±0.88 0.0672 

Imean ± standard deviation 

1 2 total weight gain less birthweight and placentaJ weight 
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Table 18. Correlation analysis matris of the predktor (independentt "ariables' 

Variable (abbreviation) GA BMI HT "GE KCAL RATE R"T~ PG l'SI L I.:\GT\ P.\KI 

GestationaJ age (GA) -0.054 -0.001 -0.041 0.005 0.048 -0.056 -0.003 -0.13~ -0 101 -0.0"'9 
0.263 0.991 0.393 0.918 0.321 0.245 0.958 0.004 OJH6 0.101 

Body mass index (BMI) -0.112 0.025 0.149 -0.243 -0.142 0.335 0315 0.167 0.134 
0.020 0.603 0.002 <0.001 0.003 <0.001 <0.001 <0.001 0.005 

Height (HT) 0.062 0.234 0.113 -0.105 -0.017 -0.002 0.019 -O.I~ 
0.197 <0.008 0.018 0.029 0.722 0.963 0.550 0.030 

MaternaI age (AGE) 0.078 -0.071 -0.078 0.00] -0137 0.098 0.26] 
0.104 0.143 0.103 0.958 0.004 0042 <0001 

Mean energy intake (KCAL> -0.012 -0.078 0.009 0.141 0.098 -0.031 
0.811 0.101 0.852 0.003 0.041 0521 

Rate of wei~hl ~n ror -0.032 0.087 -0.110 -0.164 -0.188 
to diagnosis ( T) 0.504 0.069 0022 <0.001 <0.001 

Rate of weight gain during -0.043 0.025 0.164 0.027 
treatment (RATX) 0.369 0.608 <0.001 0.580 

Mean fasting ~Iasma 0.467 0.053 0.119 
glucose (PG <0.001 0.265 0.013 

Treatment with 0357 0.115 
insulin (lNSUL) <0.001 0.016 

Len~h of lreatment 0.135 
(L GTX) 0.005 

Parity (pARI) 

IMatrix provides Pearson correlation coefficient / p value for each \ ariablc pair 

a. ... ·11 
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Table 19. Multiple regression analysis summary for predidors of infant birthweight Cgrams) 

1 2 3 4 S 6 7 
Univariate 
repession Re8ression Regression Re8ression Regression Regression Regression 

.ndepen.nt Variable coemcients coefficient 

Intercept -1681.05 

Gestational age (days) 10.97 .,.. .. Il.33 "'** 
Body mass index (kglm2) 12.99 *-"" 16.73 ..... 

Height(cm) 6.45* 6.41 * 
Parity 13.98 31.99 

Smoker (n')/yes) -188.79 **" -206.58 ... ,. 

Infant gender (f/m) 97.85 * 88.64 '" 

Received insulin (no/yes) 115.-13 * 51.34 

Days of treatment -0.99 -1.25 

Mean fasting PG (mmol/U 194.53 ** .. 96.02 '" 

Rate of weight gain prior 

to diagnosis lkg/wk) 706.99 no 784.80 *" .. 

Rate of \\eight gain dunng 

li _ :!tment (kg!w k) -84.98 14.80 

Mean dail) energy 

lfilake (kcal/d) 0.18 0.017 

R square 0.237 

"p value < 0.05. -.p \ alue<O.O 1. • .... P\ alue<O.OO 1 
-- indicates \ ariable not IOcluded in model 

coelf'acient coefficient coefficient coefficient coefficient 

-1564.15 -1595.-10 -1193.13 -1118.14 -1660.8-t 

10.93 u* 10.98 u" 11.59" ... 10.85 ~~- Il.38 , .... 

17.09 *"'''' 11.51 ' .. 16.03 ....... 21.-B ~h 1055· 

6.45* 7.98 x," 7.76 .... 6.03" 7.47-

31.75 13.85 

-210.62 *oU -200.07 <h -211.49 .... -219.02 ~ .. ~ -200.40 ...... 

92.24 " 102.71 • 10276 " 93.01 < 10437· 

-0.99 -1.28· 

113.42 ** 156.78 ~ .... 15940 H. 

773.56 *** 833.1<) u'" 

0.235 0.162 0.116 0.205 0.153 
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Table 20. Multiple rexression summary for predidors of infant birthweight (grams» according to prepregnanc~' DMI 

1 ~ 3 4 S 6 7 -NOD-obese l Non-obese Obese: Obese Obese Obese Obese 
rearession Rell'ession Regression Relression Regression Regression Regression 

IndepeDdent Variable coellieient coellkient coelrlCient coellicient coellident coeftident coefrKient 

Intercept -1943.15 -2430.62 1260.16 1514.32 2096.95 248738 .U85.85 

Gestational age (days) 8.80* 9.71 "* 6.99 9.16 6.70 

Body mass index (kg/m:!) 40.70 ** 39.28 ** 5.47 3.07 2.76 

Height (cm) 10.88 ** 14.84 *** -2.04 -1.16 0.19 

Maternai age -1.96 -6.33 

Smoker (no/yes) -196.69 *** -198.10 *** -219.91 * -188.75 -171.58 

Infant gender (f/m) 138.28 ** 148.16 ** -44.17 -32.00 -40.76 

Days of treatment -0.31 -2.15 .. 

Mean fasting PG (mmoI/L) 39.07 204.35 *** 245.95 m . 

Rate of weight gain prior 

lo diagnosis (kg/wk) 705.91 "'** 710.24 *.* ~U.77"''''' 

Rsquare 0.238 0.180 0.lS9 0.042 0.074 0.118 0.129 

1 Non-obese = women with normal prepregnancy SMI 
zObese = women with overweighl and obese prepregnancy BMI 
*p value<O.05. **p value<O.Ol. ***pvalue<O.OOI 
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Table li. Multiple regression anaIysis ofwomen treated by diet alune Cn=174. 

Dependent variable: 
R square: 

Rir1hwelght 
0.171 

Hirthweifiht ratio 
0.15 

Regression StarKtard RebJJ'c"",on 
Parameter coeffICient p value error coefficient r value 

Inten:epl -2576.749 00351 1216.44 0.67Hh n.(HXl5 
Gestational age 16.934 0.0001 .l76 
Body mass index. 13.417 0.0075 4.98 n.OOJS 00219 
Height (cm) 5.972 0.002 .l42 n.oOls 0.1'-)2 
Smoker -205368 0.0006 59.47 -.0551 0.0022 
Infant gender 129.614 0.0114 50.R7 0.043 J ()J)O~) 

Parity 15.=n; 0.4685 21.36 O.cXWl O.47~) 

Mean fasting BG 67.416 0.2875 63.24 n.OIS7 O.4fR2 
Days of treatment -2.302 O.O9}6 05% -.Om7 O.04R~ 



Tobie 11. Multiple re~ressioD aDalysis of predictors of fasting Rlyremia 

RegressIOn Standard 
Independent variahle coefficient p value error R square 

modela 
Intercept 3.091 0.0001 0.439 0.292 
1. Body mass index 0.030 0.0001 0.004 
2. Age at diagno'ii~ 0.014 0.0030 0.005 
]. Rate of weight gam 

prior to diagnosis 0.707 0.0001 0.145 
4. Diagno.,i~ at delivery 0.301 0.0001 0.035 
5. Energy i ntake (kcal/d) -.0004 0.0422 0.0002 

modell 
1.2 .. 1.4. plus 

Carhohydrate intake (g/d) -.0023 0.0296 0.0010 0.293 

modell 
1.2.3.4. plus 

Protei n i ntake (g/d) -.0034 0.0452 0.0017 0.292 

model4 
1. 2. 3.4. plus 

Fat intake (g/d) 0.0007 0.6172 0.0014 0.286 

1 
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Ta" 23. Inci*nce of macrosomia accordin,t to Sl'lectl'" matl'rnal chHra.ftt'ri. .. tic~ 

Charnl'tensllt' Il 
('f 

I( ('hl '(lll,trl' r \.Ihll' 

Prcpregnarll') BMI 
<19.X -' 6.X 1 X.lWl 1 0.001 
19.~ - 2tl.O 14 -'I.X 
>2tl- 29.0 7 15.9 
>290 20 455 

1 otal welght gain (kg) 
<9 6 6.6 5.-lS2 0.102 
>9 -12 9 704 
>12-<15 9 9.6 
:<!15 20 1504 

Fastmg plasma glucose 
<4.0mmoIlL g 7.h ) 1. lOS 0(0) 

4.0 -.tA 7 .t.0 
45 - .t.9 17 14.9 
>':;.0 12 29.3 

Tal*24. Multipk·logbtic regression of maternai factors inOuencinR the incidence ot' 
macrœomia 

95% ('ontidencc Ch. 
Variable B Estimate Odd's Ratio Interval "quan.' p valul' 

Inten:ept 9.4~ 0.2935 
Gestational length -0.œo2 0.914 {0.862.0.969} 9.14 0.0025 
Body mass index 0.0964 1.101 {1.042. 1.163} 11.76 0.(0)6 

Height 0.0389 1.04 {l.cœ, l.ü')l} 257 0.1 (~)() 
Weight gain prior 

to diagnosis 0.1047 1.110 {1.049, 1.l75} J3.05 o,(nn 
Fasting plasma glucose 0.6064 1.834 { 1.1 12. 3.02~} 5.64 1 0,0175 

t 



1 
60 

Part IV 

Discussion 

Prc(lIl'fnr!> of IIlfanr hirthwelghr in nonnal pregnancy have been extensively studied. and 

tho"e c"tahli"hed as having a causal effect on hirthweight include: gt'stational age. 

pregravld body mass inde:'(. maternai height. smoking, infant gender. gestational \\cight 

gain. maternai age, parity and soclo-economic status (Kramer 1(87). Of these variables. 

rhis study 'ihowed that the fir'it six were predictors of birthwelght ln gestational diabetes: in 

addition ro glycemia. length of treatment and severity of gestational diabetes. However the 

Ilrediclor'i of hlrthweight in GDM change among BMI groups. such that amP>flg the normal 

wClght women glycemia and length of treatment are not associated with birthweight. and in 

the ht'avier women wllh GDM only weight gain. smoking. glycemla and length of treatment 

are predictors of birthweight. These changes in predictors of infant birthweight are 

'iummari7ed below. 

Normal 
Pregnancy 

Prepregnancy BMI 
Maternai height 
Maternai age 
Parity 
Socioeconomic status 
Weight gain 
Smoking 
Infant gender 
Gestational length 

Gestationsl Diabetic Prexnancy 
Whole Ssmple Non-obese Obese 

Prepregnancy SMI 
Maternai height 

Weight gam 
Smoking 
Infant gender 
Gestational length 
Fasting PG 
Length of treatment 

Prepregnancy BMI 
Maternai height 
Maternai age 

Weight gain Weight gain 
Smoking 
Infant gender 
Gestational length 

Fasting PG 
Length of treatment 

Energy intake and rate of weight gain during treatmenl were not significant predictors of 

birthweight. The predictors of birthweight in GDM pregnancy will be discussed, foltowed 

hy the implications for future research. 

PrepreRnancy body msss index 

Regression analysis detennined that prepregnancy body mass index (BMI) was a strong 
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predl~·tor of 1I1fant blrth\\l'Ight. aftl'r control for I!l",I.lthlllal .Igl·. 1lI.lll·IlI.11 ht·lght. ... mo\"lII!! 

infant gender fastlllg pla!'ll1la gluCO~t' (Illd rate 01 \\l'Ight gaJIII"ll'torl' dl.I~I\I''''I''' 1 hl ... IJlltlJIIg 

1" consistent \\ Ith otlll'r "'Iudles 111\ oh IIIg (jDM prl'!!nal1l'~ Ll.lcnhnn l·t .11 Il)~q !\1.lIl, ... h l'I 

al. 1(89) and normal pregnaJK~ (Ahram .... md Lml ... Il~. Mltdll'II .\IIl! Ll'llIl'r Il)~)) HMI 

\\a~ also pO"'ltl\l'I) a~!'Iol'lated \\llh fa,llIlg pla!'llll.l gltll.:n ... e. "hlch ,>upp\lrh 11ll' Illl1101l1h,11 

the hea\'h~f\\()men ha\c more ... c\crc dlaht.'h:'" 

I-urther rcgressJOl1s \\ cre perfornll'd to dell'rmll1l' Il tlll' pfl·dll'lt,r ... (il "Irt h\\ l'Ighi 

\\cre the ~ame among dlltcrcnl BMl categories 1 hl' anal)!'Ie!'l ... ho\\l·d Ihalilir \\lIl1ll'lI \\llh 

GDM. predll'tor" \ aned accordmg 10 SM) Amollg lhl' 0\ cr" l'Ighl and t ,hl·"'l· \\ Ol1ll'l\ 11ll' 

prcdlctors of olrthwclght ,".cre rate of welghl galll pnor 10 dlagno"'l~ la ... tmg pla ... ma 

glucost.'. and length of trcatment. after adjusllIlg for ge!'ltallnllalll'nglh. HMI. /wlght. 

"mokmg. IOfanl gender and maternai age. Rate 01 welght gam alonl' :tl"l"Ollllll'd lor 12 ')"'t. 

of Ihe \ ariatJOIl 10 bll1hwelghl for the o\'el"\\ el ght and nbe ... e "ampll'. and thl' B l· ... llJllall· 

indlcaled Ihallor every addlltonal 0.1 kg gamed pcl wcd. pnor to dlagno"'l!'I hlrthwelght 

Im,'rea3ed hy SI g. Among Ihe obcse women alone wllh GOM rate 01 welght I!:IJII pnor 10 

diagnosis remallled a strong predlctor of blrthwclght. rhi~ n~~1J11 1<, cOlltrar) 10 tlll' 

compelling evidence of Abrams and Laros ( 1(86) which ~howed tha! ln Ilonnal prcgnalll'y 

the , .. elght gamed by obese women dunng pregnancy does not contrioutc to JIIcrea ... ed 

birthwel ghl. Our study also showed thal among the OVel'\\ll'l ght and obe<.,c \\ omcn. l'ach 

additional day of treatment decreased birthwelght by 2.2 g: over a one month penot.! Ihal 

reflects a reduction in birthwelght of 66 g due to length of treatmenl alolll'. 1 he ... e \\ 0111 l'II 

delivered 61.4% of the macrOSOffilC infants (blrthwclghl ratio è! 1 25) l'he chl1lcal 

message from these tindings IS to diagnose and initiate treatmcnt of Ihe hcavler \\ olllen a~ 

saon as possible to reduce the nsk of excessive fetal growth. 

Among the nonnal welght women regression analyses rcvealcd that aller adju,>\mg. 

for the sarne covariates listed above. rate of welght gatn prior to dlagno~i~ wa" :tlso a "tronl! 

predictor of birthweight. These findangs. on weight gain 111 normal welght womcn wlth 

GDM. support the study of AbrtlffiS and Laros (1986) in relation geslational wClght gmn III 

this weight group influencing blrthweight. 

Only gestational age and height were predictors of birthweight in the rcgres~lol1'" 
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m\'oh ing the undcrwclght \\ ornen hO\\ l'ver. it IS \ cr) Jakely duc to the small number of 

oo"ervatlon~ wlthin thi~ group (n-52). Abrams and Laros (1986) ~howed a signifieant 

impact of HMI and wei ght gaIll among undcm t'Ig.ht women III normal pregnanl'}. l'rom 

rq.!rc"<'lon anaIY<'I<' Involvlllg 268 undcf"\\lcight \\Iomen. 

Logl"tll' n:grc~3Ion determlllcd tha! lIlerl'asing BMI IIlneases the likclihood of 

havllIg a macro .. omic anfant. For cxample an incrcasc III BMI from 23 to 30 kg/m2• 

double~ thc odds that a woman \\-ould havc a macrosomlc IIlfant. after eontrolling for 

gestatlOnal length. hClght. rate of welght gain prior to dlagnosls and glyccmia. 

(;Iycemic control 

62 

RegreSSion analy~es which were done on the whole sample and stratlfied by BMI 

l'atcgories indlcatcd that plasma glucose (PG) is a strong predictor of infant birthweight but 

only lor thc heavier women. for cxample among the overwelght and obesc women. each 

mcrca~e of fastmg PG by 0.1 mmol/L will result in an increase in birthweight of about 20 

g. mdcpendcnt of the effeets of gcstationallength. BMI, height. smoking, and infant 

gcnder. If an ovcrwelght woman's mean fasting PG was 5.4 mmol/L rather than the mean 

of 4.6 mmol/l (1 standard deviatton greater). her infant's birthweight would be 160 g 

higher. If ail other factors remaIlled the same. Among the normal weight women fasting 

plasma glucose was not a predictor of infant birthweight. after controlling for gestation al 

Icngth BMI. helght. smokan~. IIlfant gender. maternaJ age. and gestional rate of weight gain 

prinr to diagnosis. Fastlllg PG also siglllfcantly increases the odds of having a macrosomic 

infant (birthweight ratio ~ 1.25): If PG increases by 1.0 rnmollL a wornen's odds of having 

a macrosomic infant are almost 2 tlmes greater (odd's ratio= 1.8). Evidently accelerated 

l'etaI growth is stllnulated by highcr plasma glucose levels. although this relationship 

appears to be dependent on maternaI size: or there may he a threshold for the fetus' 

slIs<.'cptrtbility 10 PG, smce the lighter women had lower mean plasma glucose levels. 

RegreSSIon analysls to deterrnine predictors of fasting PG indicated that BMI. 

maternai age. rate of weight gain before diagnosis and severity of GDM were positively 

aSSlX.'lated wlth IIlfant birthweight and after contol for these variables me an energy intake 

dunng Ircatment \Vas negaltvely assoclated with PG. This Inverse association could he 
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related to the strong cffccts of the othcr cO' anatl'S. or to the \ anab\e .... Ilot litlmg \\ l'lI Il) t Ill' 

rcgression mode!. As \\ cil. the aS~O<.'lalioll bctWl'l'11 thl' prCÙIl'fllf (kcal/d) and tlll' OlitCOllll' 

(PG) \\as rc\'crscd during trcatment. \\'hcrcb~ the pla~llla gll1l'(I~l' koH'I" \\l're Ihl·d tl) 

dctcrminc modllications in dlctary intakc. \\ hich ~llh~cqllclltl~ IIltllll'IKcd Il( i Illl'rl'lurl' 

the ml'an dlctar}' intake wa~ hkcl) a markcr for seH'nt) of (iDM. "1 Il Cl' the \\ onll'Il \\ Ilh 

more rcstncted dlcts had higher PG Ic"cls. 

IllsullI1 dosage \\a~ Ilot a slgllllicant parametcr 111 the rl'grl'~""1l)11 anal) .... 1 .... ul 

birthweight wlthm thc cnlire cohort. hut dld rcaeh 'ilgnilicanec IIllhl' ,lIlaly ... c .... IIldudlllg 

only thc heavier \\ omen. This vanable likely al·ts as a marJ..cr 01 'iC\'cnl) of lh,ll1l'll· ... and 

probably shollld not be IIlterprcted as a c1inical predictor of inlanl hlrthwclght 1 he 

regression coefficient indieated that an incrcase in insulin dosagl' II1depl'lIlleJ1ll) Inl'fl'a .... l'd 

birthwelght. However. desplte the fact thal matcmal ,"sultn doc,> not cm.,., the placcnla 10 

the fetus (Freinkel 1980). it 15 metabolized by the placenta and the roll' 01 IINllt n 1\\ 

placental processlllg of maternaI nutncnts IS lIndear (Hollingsworth Il)XSI Henee Ihl'rc 

may be some physiologieal signilieanee to 111 Sll 1 in levels mllllcnclIlg hlrlhwclght. 

Diet 

For the purposes of the diSCUSSIOn the dietary values for the ~lIbgroup wllh onl)' gOlld dld 

rjccurac~ \\ ilI be used. Howcver the regresslon analyses whlch lIlc\udcd Incan da"~ CIH.'r).l~ 

mtake used the di et values of the whole sample, sincc the mean value., 01 thc dlel vanahlt'" 

were quite similar it is unhkely that the more ace urate group eould ha\ c affecled Ihl' Il \ allll' 

of O.9Iœ: as weil the number of observations used for the rcgrc~~lon would have bl'l'n 

reduced from 436 to 2.54. 

The daily energy intake was very similar among the women followed al the (J!)M 

c\inic. with a me an and standard deviation of 2062 ± 12-1- keal/d. The heavicf \\ nn1l'1l 

consumed significantly more energy (by 50 kcalld) th an the hghtcr women, and Ihe IIllakc,> 

of those treated wlth dlet alone did not differ from those treated wlth msulln and dlct 1 he 

mean energy intake was bclow the National GlIIdeline<; for Nutntlon ln Prcgnancy, whlch 

recommends 2300 kcal/d dunng the second and thtrd trimcster for womcn agcd 1924. allli 

2200 keaJ/d for \Vomen greater than 24 years of age (Hcalth and Wclfarc Canada 19H7) 
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The American Diabetes Association (ADA) ( 1(85) recomnll'nds IllI.' .,allle l'l1l'rg} Il'\ l'I., for 

GDM as for the non-diahetic pregnant women of normal wl'Ight. Ihalls 35-.~~ "l'al/kg nt 

prepregnanc} Ideal bod} weight in order to promole a nonllal \\ l'Ighl galll llt 10 () 1 ~ 7 "g 

(24 to 28Ih). Il is surpnsing that the GDM womcn of healthy wl'ighl Ihat \H' "'ludn.'lI 

consllmed 35 kcal/kg during the treatment period, vef} clo<;e ln thl' rN'Omllll'lllhl .Hllounl. 

and yet they gatned only 0.17 kglwk fol' the last 8 weeks of gc'\tallOn, l'ompan'd to the go.ll 

of 0.3 to 0.4 kgJwk in normal pregnancy. From this asc;ec;<;mcnl 01 actual du,'lary Ifllakl' hy 

means of weighed food records, it would appear lhat the recol11l11ended energy IIltake tlla~ 

he inadeqllate to support the t'xpected rate of fetal growth. The additionall'nergy 

requirements for pregnancy (300 tcalld) are based on thcoretlcall'akulation5 (Hytten 

1980). Sorne research involving :te tuaI dietary intakes which \\ cre doc;c1y ll1oOltorl'd ha, l' 

eontradicted these reqllirements. Part of a multmational study IIldicated thal an 1Il1'reaSl' of 

only .50-150 kcal/d is adequate to support nonnal weight gam (Dumm ct al 1(85). The 

Montreal Diet Dispensary on the other hand supplements dicte; of di<;ad\'antaged \\ omcn 

with at least 500 kcal/d to improve gestational weight gain and hlrthwclght (RII .. h 1<>81 \. 

Restricting energy intakes in order to limit weight gain IS not an cxpliclt goal ni thl' dialwtll.' 

clinie we studied. however if such restrictions contributed to better glyccl11ll' l'Ontrol then 

perhaps they are appropriale for the GDM population; although the presence of ketonllria 

may indicate that the restrictions are too severe. In the nomlal population the 

recommended energy levels have been disputed and should be re-evaluated. 

The American Diabetes Association (ADA 1(85) also recogni7ed that <;ome research 

indicates that calorie restrictions of 2..'i keal/kg for obese pregnant women with GDM has 

improved maternai glycemic control without an unacceptable level of ketolluna (Jacoh<;on ct 

al 1989. Algert et al 1989, Langer 1989). This study population eonsumed a range of 23 

kcal/kg among the obese to 42 kcallkg for the underweight women, hut it was not reportcd 

if these restrictions were without an unacceptable level of ketonuria. There 1<; no consensus 

about what is acceptable in tenns of frequency and degree of urinary ketones. In thic; sludy 

over the tirst 2 months of treatment the gestational diabetics had the presenece of ketonuna 

over 4 one-week periods, which was correlated with weight reduetion in amounts th .. t were 

significant or close to signiticant. Ketonuria was present among these women, and 
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1 although it 1., not yet clear if the impact of ketonec; on the fetus is hannful. beneficial or 

h-.:nlgn, it cannot he said that thcsc women are energy re"tricted without maternaI Itpid 

"tore!> heing catabolt7ed as a source of glucose due ta an energy restricted diet. 

6S 

The ma(.·ronutricnt composition of the diet consumed (34% carbohydrate, 19% 

protein ..... 7% fat) is strikingly dlfferent than the current recommendations for energ}' 

di!.tributioll (5()(;r" 20%,30% rec;pectJvely) for the non-pregnant non-diabetic population. 

I-'or normal pregnancy the distribution of macronutients has not been defined (Health and 

Welfare 1989). Recommendations for the GOM population vary: the ADA Committee on 

I-'ood and Nutrition ( 1979) recommend that for pregnant diabetics 50-60% of energy come 

from carbohydrate, 200!o from protein and 20-30% from fat. The use of low-carbohydrate, 

high-fat diets at this GOM c1inic continues to be employed, with the belief that it reduccs 

and maintains plasma glucose, and prevents significant ketonuria. Carbohydrate foods 

were dlstributed throughout the day at meals and snacks. but in limited quantities. "' hile 

more fat or high-fat protein foods are added to the diet to resolve persistent ketonuria or to 

increase energy when needed. In this way actual energy intake remained moderately low 

and diabetic management goals were met. Sorne studies have prescribed very low energ) 

d.ets (1200-1800 kcal/d) to accomplish tight glycemic control (Gillmeret al. 1986. Algert et 

a\. 198.5. Magee et al 1990) without evaluating ordiscussing the effect of manipulating the 

macronutrient distribution of ener~y: nor do these studies indicate how dietary compliance 

to the prescribed regimens was monitored. 

The diets which the women consumed after diagnosis of GOM resulted in 50% 

reduction of rate of weight gain. 0.35 to 0.17 kg/wk (p value=O.OOOI). Significant 

reductions in rate of weight gain also occurred arnong ail the prepregnancy BMI categories. 

although the reduction was less among the lIndcrweight \\Iomen (26%) compared to the 

overweight women (68%). Oaily energy intake during treatment was not correlated to 

weight gain dllring treatment (Pearson correlation coefficient -0.071. p::(1139): this is a 

common observation in research involving these variables and is related to energy 

expenditure not being accounted for as part of energy balance (Kramer 1987). However in 

the great majority of women activity did not iocrease; and often decreased during treatment, 

for example when the demaods of the lreatment prolocol sometimes necessitated that the 
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\\omen stop \\ork. or when \\omen \\ent on partial or full hed re.,1 tl1l'lllltrlll prl'll'II11 

labor. Hence the redudlon in wl'lght gain may he attrihuted to il redUt'lion 10 elll'rg~ mtalü'. 

as oppoo;;ed to an innca<;e III energ) e\pellditure. 

The impact of diet treatment without ino;;ulin was al .. o found to ht' IInportanllll 

reducing fasting plasma gluco~e l'rom an initial mean of -tA to a n1l':tn 01 .... 1 1111110111 

during the rernaining treatment period. which is mdeed one of the goal., of Iht' dll'lary 

management. Although post-prandial PG was not reduœd <;lgJlltïl'al1tl~ \\ Ilh die! 

management: initial mean of 5.76 versus 5.72 mmol/L during the remmmng Ireatmcnt 

period. il was still weil helm\ the dlabetJc criteria of 6.7 mmollL. 

Multiple regression analysis indlcated that mean energy intake wa<; nol a predi(.,tnr of 

infant birthweight. However, when diet \\-as the only intervention (11=272). Icngth (lI' 

treatment was negatively and mdependently associated with mfant hirthwl'ight, aftcr (.'ontrol 

for gestationallength, BM!. helght. smoking. and infant gender. The mean blrth\\clght ni 

infants born to this group of women was 3475 g. A reduction of 2.3 g 111 hlrthweight for 

each day of trealment. indicates that the length of the dietary trealment l'an play an 

independent role in preventmg excessive fetal growth. Dietary management of (iDM 

decreases the rate of weight gain and reduces fasting glycemia: the longer Ihis treatment i<; 

applied the lower the infant birthweight. 

Weight gain 

Recommendations for weight gain during pregnancy differ for women of different 

pregravid body masses according to the National Guidelines for Nutntion in Pregnan(.·y 

(Health and Welfare 1987); they specify that underweight women gain 13-15 kg. "healthy" 

weight women gain 10- J 4 kg and obese women galll 7·9 kg. The pattern .. of total wei ghl 

gain of the GDM women were significantly different among the HMI categorie!'.. 

Comparison with ~he recommended patterns according to prepregnancy mal-S nOM 199<)) 

indicated that the underweight women gained within the recommended range from 

diagnosis to delivery; the nonnal weight women gained along the upper edge of the nonnal 

range during treatment, and the heavier women gained weil above the recommended range 
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for thclr" ~Ighl calcgory. If onl) the mcan tolal "ei ghl gam during pregnanC'y \\ as reported 

,hl' rl,.,ull., could he mlslcadmg. "mce it appears that the women's welght gain \\ as wlthm 

the rCl'ommendcd normal range of 10 to 14 "g. Jacohson et al. ( 1(89) reported a mcan 

lotal wcight gain of 13.7 kg among 'Tl women with GDM and Lange!' et al. (1989) reported 

a total gain of 14 kg~ nellher !.tudy ,tratitied the results accordlOg to HMI in bn ariale or 

regrc'ision analyses 10 separate the cffects of these two potent predictors of hirthwelght. 

Total wcight gain was a predictor of hirthweight ln this cohort. as has been found in sorne 

other 'itudies of GDM pregnancy (Jacobson et al 1989. Langer et al 1(89) and in nomlal 

prcgnancy (Kramer 1(87). Weight gain prior ta diagnosis was also a strong predictor of 

hirthwcight, which indicated that for every additional kg of welght gained before diagnosis 

hirthweight would increase hy 27.1 g. very similar to the 26.9 g ,"crease in hirthweight for 

each kg of total weight gain. Multiple logistic regression showed that the rate of weight gain 

prior to diagnosis was a factor 10 i ncreasing the likel ihood of having a macrosomic infant. 

Multiple regression analysis indicated that the rate of weight gain during treatment 

was not associated with infant birthwelght. and this may also be attributed to the limited 

inter-subject variability. However the rate of weight gain prior to diagnosis was a strong 

predictor of infant hirthweight: for every additional 0.1 kg gained per week birthweight 

increased by R"l g, after adjusting for gestationallength, BMI. height, smoking. and infant 

sex. Once diagnosed the women's rate of weight gain fell from a mean of 0.35 to 0.17 

kg/wcek~ a reduction of SO% and a level weil helow the recommended rate of 034 to 0.45 

kg/wk. If a woman continued to gain weight at the pre-diagnostic rate during the 9 weeks 

of treatment. birthweight certainly would have been higher. 

The change in rate of wcight gain after diagnosis is important biologically. The 

third trimester is the period of maximal fetal growth and is therefore the time when the fetus 

is most susceptible to energy restriction (Kramer 1987). Although trealmenl seems to have 

been growth limiting for the felus, it may have only reduced excessive fetal growth. Trans

placental transfer of nutrients to the fetus was occurring, as the babies were monitored for 

normal growth by means of ultrasonography and abdominal measurements. However the 

fetus' rate of weight gain may have been reduced simultaneously with the mother's; c1early 

Ihis wou Id vary greatly with both fetal and maternai size. Many of the women were 
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reported 10 have large-for-geslational-age (I.GA) felus' when Ihc~ .,Iarted ,II tilt' l'lime: Il 

treatmcnt lenglh "as long enough. l'l'lai gro"th rate was redllced hy I-~ .. 1.llldard dl'\ lalHlll" 

10 a \\elght appropriate-for-gc~tatlonal-age prior ln dell\ cr~ 

Althollgh It wa~ hypothesl7ed that the raie of weighl gain dunng Irt.'alnlt'nl \\ould 

affect infant blrth\\eight. the potentml cause-cffeet relatlOn.,hlp OehH't.'n raIt' \)f \\ "Ight ,!!:tlll 

and bJrthwelght could have beer reversed by vlrtue of monitorIng of l'cial gnmlh dunn,!! 

treatmenl. If a fetus I!> diagno~ed as l.GA by ultrasound. cnergy IIlta~c ma~ tw n.'t.hlt.'t.'d ,1'" a 

means of tighter gl} cemic control. the goal heing to decrease Ihe al110unl of IlWI.lbolk fllt'l 

(gluco~e) heing supphed to the fetus. thereby curblllg if" growth rate. J-._<; ... entlall} fdal 

weight. which ~oon becomes blrthweighl, mtluenccs treatment which afft.'cI~ blrlhwelghl 

and hence the causal path has been distorted. 

ln this stuJy gestatlonal weight gam dearly has a positive cffect on felal growlh. bul 

not during Ireatment of gestational diabetes. 

Strengths of the study 

This study involved women followed at a diabetlc dimc wllhin a large Icachin,!! hO"'Pllallll il 

metropolis centre. which serves the entire community. High-risJ... refcrrab are rcl't.'I\'l'd 

from distant regions, su ch as northern Quebec and the eastem provinces. A ... a rc ... ull Ihl'" 

cohort of ·H6 wornen represented a range of ethnic and soclo-economic backgroulllk 

Since ifs origin in 1978, Ihe RVH Antenatal c1inic has employed a (.'on ....... lenl and 

intensive approach to the treatment of GDM. This feature contribute~ to Ihe high qualtl) 01 

data available for analysis. 

A large dataset was collected from the chnic charts and the reputable MOND 

system, which pennitted a comprehensive ex.amination of the predlctors of birthwcight ln 

this high risk population. To the best of our knowledge, this is the tirst time diclary 1Illa~c 

during treatment of GDM, and gestatlonal weight gain hefore and after diagno<;l., wcrc 

characterized and evaluated for their effects on birthweight. An additional novel a~pc(:1 of 

the study is that the effect of dietary management on gestational weight gain .md glyccnuc 

control were descri bed. 
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Limitations of the study 

The dctCnlllnatJOIl of certam vanable ... .,uch as gestatIOn al wcight gain and hody mass IIldex 

\Itdi/cd ... df-rcported mea<;ure<; of both prepregnancy weight. \\hich lends 10 oc tll1u~r-

l, ... timatcd, and matcrnal helghl. wh".'h tends to he over-estimated (IOM 1 99(»). Since these 

mca<;ure ... arc ncgatlvely and pO<;ltlvel} bla<;ed. \\-eight gam may represent an 0\ ere.,lI mate 

and prcpregnancy AMI could renect an underestimate. 

The mherent diftïcult} of assessmg dietary data. exists in thls stud} sin<.'e \\ e do not 

know wlth absolute certainty that the women recorded their actual mtake versu<; what thelr 

prc<;cibed dlct. Howevcr there are man)' factors whlch we belie\\_ contnbute to the qualit} 

of the data. and we do know the women reduced their intake since wClght gam decreased. 

Evaluation of the impact of energy intake on welght gain necessitates control for 

energy expenditure: reliable data were not available on activity levels among this cohort, 

however as discus'ied it i" rea'ionable to assume thal the energy expenditure of the majonty 

of women studied did not !Ocrease after diagnosis. and It may have decreased. The weight 

gains ca\culated during the treatment period may represent over-estimatlons for sOnle 

womcn. sincl' pl'ripheral l'dema which was noll'd c/inicall} could not be translatl'd into a 

weight factor for the purpose of analyses. 

Although this study controlled for the most important confounding variables. there 

were a fcw of those id,~lltlfied by Kramer ( 1987). which were not controlled for in this 

study: maternai race. episodic illness, and the mother's birthweight. The population studied 

was predomlOantly white (at least 71 %). and whites deliver infants of higher blrthweight 

than Blacks. Pakistanis and Ifldians (Eastern). Since race was not controlled in the 

Illultivariate analysis it may limit the generalizability of these findings to a population with a 

'limilar racial distribution 

Implirations of study for ~liniral practire and future research 

Il is evident that prepregnancy body mass index exerts a strong influence on the extent to 

which Illltritionai and other treatment-related predictors affect birthweight. These inter

relationships will be considered helow with respect to potential research quesllons. 

The IInderweight and normal weight women gained more weight during pregnancy 
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and ate more kCl1l/kg. hut thelrdietar) man.lgenlt'l1t \\.1<; ,tilt rr"tnctl\'l' l'nough hl hrang 

ahout <;igmticant rt'ducllon" ln rate of \H'lght galll .1Ill! fa'\llIlg glyn'l11li1 HO\\l'\l'r Ill'Ithl'r 

mte Of\H'lght galll nor fa"tlng PG \\cre prl'lhl'lor, 1)1 Infant hlrth\\t'Ight III t111''''l' \\l'Ight 

group", nor W<1<; length of trcatment a predH'lor 1 ht.'llghh.·r \\onu'n \\l'rl' at 10\\ l'r ra .. k 01 

hm'mg heav) hahles. The mean hirth\\eighl \\:1" \\cll \\Ithill thl' normal rangl', and \\a ... 

<;igniticantl) lower among hahle" of the normal wCIght and underwl'Ight wOl11l'nlhan IhlN' 

who were heavler. The clinical question whlch rel111l1l1" \\ Ilh the'\e lad" IIllllll1d 1 .... doc, 

the dletal)' management of these women need to lx, <;ollght'.' Il ma) hl' mort.' .apprnpnah' lor 

the lighter \\omen who have "ghter hahles to consume more energy (keal/day),t.'\'l'n 

though it may result in an IIlcrease in fastll1g PG and rate of wClght gam dllnng treatnlt'nl. 

Sinct' fasting PG was not a determinant of hirth\\elght, \\ ithin the range \)h"encd III 1111'" 

study, a representative ca\cuJation cannot he made HO\\eHr i1l1lnng Ihe whole l'ohmt, 

when fasting PG was a predictor, it would take an II1l'rease of 1.0 mmol/I. of 1'<,10 

mcrease infant blrthwelght by only 113 g (rable 19. column 3). 

The other question which follows from the evidence that dletary management dol''' 

affect infant birthweight, IS: could sorne of the \\ omen \\ ho are trealed \\ Ilh JO,,"hn hl' 

managed by di et aJone? ln other words are the PG cntena for lnltltallon of JO"ulm 100 low') 

Insulin does not directly reduce infant birth\\eight. but rathcr redul'e" PG whll'h \""h 

positlvely associated with birthweight and only among the overweighl and ohc"c womcn 

with GOM. It seeœ ~ that dietary management alonc may he appropnate for il greatcr 

proportion of the non-obese women. which indicateo:; that these women reqUlre dlfren'nl 

criteria for the initiation of insulin than the obese women who have more "l'vere daahetc .... 

The cost-benefit of current practices couJd be compared, since GDM management 

protocols (for initiation of insulin, degree of follow-up, dietary restriction,,) vary hctwccn 

centres. The c1inical practice changes discus'ied could potentially redll{'e health carl' l'ml., 

with respect to reducing staff time. For the women with GDM, the questIon of the 

necessity of such intensive demands needs to be addressed; the dlTect l'ost., (Înslllm, 

babysitters, travel. possibJy leaving a Job) and the indirect costs to Ihese women (stres'i of 

Jeaving a job, being classified as having a high risk pregnancy and following a rigoroll'i 

treatment protocol) are suhstantial. If diet alone can achieve slmilar resultc; for certain 
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\\OIllCIl. the ml' ur IIl'>l1hn I1cl'd" tn lw Ju ... tllil'd 

.... pldcI11lologll:al ... tl/dlc", arc nceded to lm e<;tlgate the Impact of changes in treatment 

prutul'ololl Illatemal ,lIld IIltant outcume A ranuollllled tnal of t\\ 0 le\ cl ... of ~ritena for 

1!l111.ltlon of IINllm among women \\ Ith prepregnant BMI\ 111 the under\\elght and nomlal 

\\t'ighl L'all'gorJc .... Illa) IIlullllnate the con"equcncc<; for the mother and IIlfant of more 

dlclary control al one ln the management ot (,DM Much of the earl) hterature on GDM 

IIHhealed thallhe IIlfanl~ of GDM mother<; ,Ire at mcrea<;ed ris"" of negati\'e cOllscquclKes 

relalc(llo m<lero.,omla.lIlduding blrth traullla from ~houlder d)stocla, and postnatal 

h) pogl) l'l'mla. h) pcrbllrubmemla. and polycytherma. Hm\ l'\ er man) of these tinding<; 

\\cre reluled "hen the deSIgns and analyses of these studle~ were carefully scruIlIllzed 

(Alc" ,lIId Sanlllll 19H9. HunIer and Kelrse 1 Q89). The~e authors suggesled that more 

rcœnl eVldcncc II1dJ(:ale~ that slgmlicant morbldity among mfants of women \\ ith GDM 

où'ur<; onl) "hcn birth\\eights are ·t5 kg or more. Perhaps there 15 too much emphasls on 

nonnalrling blrth\\clght. and nol cnough on how dietary and/or insulin treatmenl makes a 

dll'ference to pregnancy outcome. 

Conclusion 

ln conclu~lon,lhe tïndll1gs of thls study have implications for both dmical practlc:e and 

fUlure re"earch endea\'ors. The important role that diet can play in reducing plasma glucose 

and modulatlIIg weight gain. may he undermined by aggreslvc II1sulln therapy. Il appears 

thal a rebalalll'tng of the emphasis of gestation al diabetes management IS indicated, awa} 

l'rom the absolute cntena for glycemic control for ail wvmen, towards the considerahon of 

IlUIllCrous other factors involved in achieving a healthy pregnancy outcome for mother and 

chi Id, partlcularly the women's prepregnancy welght. but also gestational welght gain and 

time 10 delivery. Well·designed studies whlch address such changes in approach ta treating 

gestational diabetes may have a sigmficant contribution for women who develop thls 

condition ln the future. 
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C1ass A 

Class B 

C1ass C' 

Class 0 

Class F 

C'lass R 

Class RF 

C1ass H 

Class T 

Appendix 1 

White's Classification of Diabetes in PregnancJ,1 

Abnonnal glucose roler.nce test. Asymptomatic. Diet alone cart 
maintain nonnoglycernm 

Adult onset (ag~ ~ 20) and short duration « 10 year<;). 

Early onset (age 1-19) or long duration ( 10-19 years) 

Onset under age 10 or very long duration (~20 year'i) or cVldence of 
minimum vaSCUlar disease (e.g. background retinopathy). 

Renal disease. 

Proliferative retinopathy. 

Renal disease and proliferative retinopathy. 

Arteriosc\erotic heart disease. 

Pregnancy after renal transplantation. 

Hl 

1 White P. Pregnancy and diabetes. Medical Aspects. Med Clin North Amer 49: 1015-1024. 

1965. 
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Appendix Il 

Antenatal Diabetic Coding form 
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ANTENATAL HONM MNO 
DIABETIC CODING BBN'" BNO 

I? L-.....J 

A STUD NO REF HO DEL DT SEl( BWl 
R 
T 

GLUSCR seROT (Y.M.O) GTT ~C 1H 2H 3H 
l 

L-.LJ L-.l L--J 

GTT DT (Y.H.D) DIAG DIAG DT (Y .14.0) CH CH DIAG (Y.H.D) STATUS 

L-J 

HT PRE WT W/A 

P DATE 
A 
R VIS NO LJ L..J LJ LJ 

T 
WT 1 ---.1 

II 
KCAL '.oc L....J 1 AC LJ , AC LJ , AC L.J 

UR GLU LJ LJ L.J LJ 

UR KET LJ LJ LJ L..J 

BG AL • • 1 

BG PL LL--.J 

INSUL . 
EDEMA LJ LJ LJ LJ 

BP LJ LJ LJ LJ 

HGAIC 1 . 1 • 1 . 

DATE 

VIS NO LJ L..J LJ LJ 

WT • 

KCAL 1 AC L....J 1 AC LJ , AC LJ 1 AC L.J 

UR GLU LI L..J LJ LJ 

UR KET LJ L..J LJ L..J 

BG AL • • 
BG PL L-L----...J 

INSUL 

EDEMA LJ LJ LJ LJ 

BP LJ LJ LJ LJ 

HGAIC 
, . 1 ft 1 . 

SPEC INFO & DATE: 
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Appendix III 

Antenal Diabetic Coding Definitions 

PART 1: Patient identification and diagnosis 

Mother's name (MONM) 
married. mai den and first 41etters of tirst na me 

Mother',\ number (MNO) 
6 dIgits, RVH case number 

Infant''\ name (BBNM) 
sumame if known 

Infant number (BBNO) 
6 digits, RVH case number 

Study num\ler (STUD NO) 
4 dIgits. asslgned consecutively during Part 1 of data collection 

Referring doctor (REF MD) 
sumame of obstetrician who referred pt to c1inie 

Date of delivery (DEL DT) 
6 digits. year-month-day 

Sex of infant (SEX) 
1 = female 
2=male 

Infant's birthweight (BWf) 
o to cym grams 

Glucose sereen result (GLUSCR) 
0.1 to 99.9 mmol/L, or 0 to 999 mg/dL before Aug 1985 

Date of glucose sereen 
6 digits. year-month-day 

GI ucose tolerance test (GIT) 
4 values: fasting (AC). 1 hour (lH). 2 hour (2H), 3 hour (3H) 
0.1 to 99.9 mmollL. or 0 to 999 mg/dL before Aug 1985 

Date of glucose tolerance test (GTIDT) 
6 digits. year-montt:-day 

Diagnosis (DIAG) 
1 = impaired gluocse tolerance 
2 = c1ass AI 

6=class D 
7 = class F 

8S 
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1 3 = dass A2 
"'" = dass B 
.5 = dass C 

Date of diagnosls (DIAG DT) 
6 digits, }ear-month-day 

Change of diagno'\Is dunng pregnancy (CH) 
0= no change 
1 = impaired glucose tolerance to c1ass A2 
2 = c1ass Alto A2 
3 = dass B to D 
4 = c1ass C to 0 

Date of change in diagnosis (CH DT) 
6 digits, year-month-day 

Eligibi1ity status (ST ..xflJS) 
Included: 
0= ail data avatlable 
7 = preterm labollr 
Excluded: 
1 = AOC data not available 
3 = MONO data not avatlable 
4 = diabetic class B, C. D, F. H, R, T 
" :: baby not delivered at the RVH 

H = l'laso; H 
q = das~ R 

IO=dassT 

5= classe loT 
(, = dass C 10 R 
7 =da'\s 010 R 
H = das~ DIo F 

6 = presented to c1inic for less than 3 visits or afler 36 weeks 
8 = Chomc hypertension 
9 = maternaI. fetal or neontal condition which influences birthweight 

10 = twins 

Height (HT) 

o to 999 cm, hlank if unknown 

Pregravid weight (PRE wn 
20.0 to 2.50.0 kg, or 20.0 to 500.0 lb before November 1987 

Race (Re) 
1 = white 
2 = black 
3 = asian 
4 = otber 

Cigarettes (CIG) 
number of cigs smoked per day 
o to 100.999 amount unknown, blank if none 

PART Il: Measures From weekly visits 

Date of AOC visit (DATE) 
6 digits. year-month-day 

Visit number (VISNO) 

M6 



1 numher of vislts accumulated 10 date, mcluding mdex visil 

Wcighl (Wn 
20.0 to 250.0 kg, or 20.0 to 500.0 lb before November 1987 

DéIIly energy Intnke (KC AL) 
denved as described in Methods section 
1000 to 4(XX) kcallday 

Accuurcy of dally energy intake (AC) 
reflects the adequacy of data used to detennine KCAL 
1 = good 
2 = fair 
.J = poor 

Carbohydrate (0 
50 to 500 grams of carbohydrate consumed per day 

Protem (p) 

50 to 500 grams of protein consumed per day 

Urine glucose (UR GLU) 

81 

summary of frequency and severity of glycosuria from past week: based on record 
of home 

monitoring dont' 4 timeslday 
o = none present 
1 = present in small amount, 24x 
2 = present in modemte amount. 4-8x during week 
.J = present in large amount. every day 2x or more 
9 = unknown if present or not 

Urine kelones (UR KEf) 

record 
summary of frequency and seventy of ketonuria from past week: based on patients 

of home monitoring done 4 timeslday 
o = none present 
\ = present in smalt amount. 24x 
2 = present in modemte amount, 4-8x during week 
.~ = present in large amount. every day 2x or more 
9 = unknown if present or not 

Blood glucose. fasting (BGAC) 
measured at clinic before breakfast 
0.1 to 99.9 mmol/L. blank if not measured 

Rlood glucose. post-prandial (SGPe) 
measured at clinic Ihour after breakfast 
0.\ 1099.9 mmollL. blank if not measured 

Insulin dosage (INSUL) 
total units of insulin taken prior to clinic visit 
1 to 300 units. blank if not taken 



1 Edema ( EDEMA) 
as assessed b\ nurse al c1imc visil 
0= abscnt . 
1 = trace 
2 = small amount. ( 1 + ) 
3 = moderate amount. (2+) 
4 = sevcre amollnt, (3 + ) 
9 = nol recorded 

Toxemia (BP) 
blood pressure elevated and edema severe 
0= absent 
1 = present 

G1ycosylated hemoglobm (HGAIC) 
measured from fastmg blood approxirllate\y every "" wceks 
0.001 to 9.cy:)9 

Special information and date 
any additional infonnatlOn whlch may mfluence mterpretation of data 

RR 
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Appendix IV 

Maternai and Neonatal Variables 

A. Antenatal Diahetic Variables From ADC Chart 

Part 1 of ADC Coding .'orm 
Mother's name 
Mother's hospital case nllmber 
Baby's hospital case l111mber 
Silldy number 
Rcferring physician 
Delivery date 
Scx of mfant 
Birth weight 

Glucose sereen value 
Date of glucose 5.creen 
Oral glucose tolerance values 
Date of (X,TI 
Diabetes diagnosis (White's Classification of Diabetes in Pregnancy) 
Date of diagnosis 
Change of diagnosis 
Date of change of dlagnosls 
Eligibility status 

Part Il of ADC Coding Form 
Mother's helght 
Mother's prepregnancy weight 
Mother's race 
Ct garettes smoked per day 

Weekly record of: 
Date of c1inic vlsit 
Maternai weight 
Avernge daily intake of: Energy 

Carbohydrate 
Protein 

Accuracy of dietary intake 
Urine glucose 
U ri ne ketones 
Fasting plasma glucose (AC) 
One hour post-prandial plasma glucose (PC) 
Insulin dosage 
Presence of cdema 
Presence of to~emia 
Glycosylatcd hemoglobin 

B. Derived Variables From AOC Chart 

89 
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Average daily energy intake/kg pregnmd hod) \\eight 
Total weight gain at diagnoc;ls of GDM 
Total welght gam at delivery 
Incrementai weight gain l'rom dlagnosis to partuntion 
Body mass inde'{ 
Mean fasting blood glucose during treatment of GDM 
Mean 1 hour post-prandial blood glu~ose during treatment of GDM 
GestatlOnal age at each AOC Vlsll 

c. Maternai Variables from MOND MONDcodc-

Mother's date of birth MBIRTHD 
Hospital of Origin HOSPORIG 
Attending physician MDPREG 
Gravidity GRAVID 
Parity PARITY 
Aborta ARORTA 
Living children LIVING 
Dale of last nonnal menstrual period LNMP 

Abnormahties of previous pregnancies PREVARNI 
PREVABN2 

Previous caesarean section PREVeS 
Interval since previous delivery or abortion INTERV 
Years of schooling SCHOOL 
Cigarettes smoked per day SMOKING 
Alcohol intake during pregnancy A LCOHOL 
Social drugs SOCDRlIGS 

Induction of labor and mdication INDUeT 
Delivel)' date DEUVDAT 
InàuctiQ!LoUabour-atKtindication NDuer--
Method of delivery MEfHDEL 
Indication for caesarean section CSECT 
Genitallacerations and maternai trauma LACER 
Placenta! weight PI.AeWT 

Expected date of confinement by early ultrasound EDCUS 
Estimated fetal weight on last ultrasound LASTEfW 
Disorder of amniotic fluid volume AMNIOVOI. 
Placental maturity on last ultrasound USMATUR 

Maternai outcome MOlffCOM 
Disorders and maternai diseases MOISI 

MOIS2 
Dystocia. inertia and other complications DYSHX: 
Hypertensive disorders of pregnancy HYPERfEN 
Albuminuria in pregnancy HTALBUM 

""'" 
" . 
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1). Nl'onatal Variables From MOND 

Sc'\( 
Hirth wClght 
Hi rth length 
Rlrth head circumference 
(11 nieal él\Sc",\mcnt of gcstational age 
Apgar .,core al 1 minute 
Apgar score at S minutes 

Duration of manual ventilation 
Fractures 
Paraly~is 
Respiratory distress syndrome: clinical severity 
Neonatal outcorne 
Cau<;e of death 

Highest hemoglobin (g %) 
Lowest plasma glucose (mg %) 
Peak indirect hilirubin (mg %) 
Number of umbilical vessels 

Jo:. Dervied Variables From MOND 

Gestational age by LNMP 
Gestational age by ultrasound 
Gestational age assigned 
Gestational age type 
Malfomtation tlag 
S) stemic infection tlag 
Birth wcight ratio 
Fetal growth rate by ultrasound 

SEX 
BWEIGHT 
BLENGTH 
BHEAD 
GESTCLIN 
APGARI 
APGAR2 

DURVENT 
FRACT 
PARALYS 
RDSCLIN 
BOlITCOM 
DEATHCA 

HEMOHI 
GLlJCLO 
BILIRUB 
UMBIL 

GESTLNMP 
GESTUS 
GESTASS 
G ESTA SST 
MA LfORM$ 
SYSINF$ 
BWRATIO 
USGROWfH 

91 
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Appendix V 

Variable Summarization 

The independent and dependent variables studlcd are described bc\ow 

Maternai age was calculated in years by applymg the SAS month-da}-ycar 

function to the maternai birthdate and the date of diagnosis for GDM: {'ategories for 

maternai age were presented m the descriptIve results, however it was used as a l'OntIl1UOllS 

variable in the regresslon analysis. 

Parity indicates the number of chlldren bom to a woman prior to the index 

pregnancy: this variable was c1assitied as nulliparous (no previous children), pnmiparous 

(one previous child), or multiparous (t\"O or more previous children) for de~cnptive 

analysis and was used as a continuous variable in multIple regression. 

Smokir.g data was based on the number of cigarettes smokcd per day dunng 

pregnancy and was presented as the percentage of the populatIon that smoked, as weil as by 

three categories of the amount of cigarettes smoked: for the pllrposes of regres~lon analy~I!o. 

a binary variable was created as non-smoker or smoker. 

Years of schooling was available for about 80% of the women and was lI<;cd a!o. 

a proxy for socioeconomic status: it was presented as an interval vanable aCl'Ording 10 the 

Quebec school system, that is grade school (0-8 years), high school (9-11 yrs), CI:,GEP 

college (12-13 yrs), undergraduate studies at university (I~ 17 yrs), and post-graduate 

studies (>17 yrs). In regression analysis IS was entered as a continuous variable. 

Prepregnancy body mass index (SMI) was calculated with the followmg 

equation: 

Weight (kg) 
SMl = --------------------, using prepregnancy weight in kg, and maternaI height 

1 Height (m)!:! in m. 

Prepregnancy SM) was classified as an interval variable using the IOM ( 1990) ca.tegorie., of 

underweight. normal weight. overweight and obese for descriptive analysis, while in 



( 
regression analysis BMI \Va!> entered as a continuous variable. 

Rate was obtained from the diabetic chnie chan which mdicated race as white. 

hlack. asian. or other (lIsuaIly specified) and was available for SOo/c: of the the subjects. 

This vanable was presented in the descriptive results and was not used in regression 

analysis. 

93 

Information on altohol and sodal drug consumption during pregnancy 

was obtained from the MOND system. which derived the information from a preadmission 

form completed by the patients prior to labor and delivery. The amollnt of alcohol is 

presented in descnptlve results, however the arnount of cannabis consumed was not 

reported and so this variable indicated whether or not trus drug was consumed. 

Diagnosis was c1as!>itied as either Impaired glucose tolerance (one abnormal 

(xl'n' value). class AI diabetes (two abnonnal OGTI values and treated by dlet alone), or 

c1ass A2 diabetes (two abnormal ooTI values and treated by insulin and dieO. Since sorne 

classifications changed dunng treatment as wornen were started on insulin, the diagnosis 

reported in the results is the final dlagnosis at the time of delivery. 

Gestational age at diagnosis in weeks was calculated by SAS using the 

gestation al age at delivery and the date of diagnosis (the date of the initial evaluation by the 

~ndocrinologist. that is the first c1inic visiO. 

The dietary intake data is presented as calories of enerey and grams of 

carbohydrate, protein and fat consumedlday for the whole sample and for stratified subsets 

according to prepregancy BMI and treatment groups. Methods section C.2 describes 

collection of dietary data. In addition. energy intake was presented as kilocalories/kg of 

prepregnancy body weight and ilS distribution from the macronutrients. These variables 

were used in the descriptive analysis and mean energy intake was also used in the multiple 

regression analysis. 

Mean gestationa' wt'igbt gain in kg was presented as a total gain (maternaI 

weight at delivery less prepregnancy weight). pre-diagnostic weight gain (weight al 

diagnosis less prepregnancy weightl. and post-diagnostic gain (maternai weight at delivery 

Jess weight at diagnosis). The mean rate ofweilht Iain in kglwk was determined for 

the pre-diagnostic period (pre-diagnostic weight gain divided by weeks of gestation at 



diagnosis) and for the post-diagnostic penod (post-diagnostic \wight galll di\'idNI 11) thl' 

nllmber of weeks from diagnosis to dehvery). 

Ketonuria freqllenc) and severity was slImmarlled as desl'nhcd in l\1ethod .. 

section C.2 and was used as a ranked variable for the purposes of Spcarman l'orrdatÎol1 

analysis ketonuria and weekl} weight change. The latter varlablc \\ a~ dNI\ l'li 11) 

calculating the change in maternai welght l'rom one VI!.lt to the ne\t 

Data on amniotic Ouid volume disorders were dcm cd frol11 MOND and 

diagnosed by a physician's chnical evaluatlOn or 1Iitrasound exanunallOn. P~tenn 

94 

labour was described in the diabetic c1inic chart, as diagnosed by the pcnnatalogio;t. rhc .... c 

conditions were analyzed descnptively only. 

Gestational length or age (GA) in days \Vas asslgned hy MOND IISlllg clther 

the GA by the last nonnal mentrual period or by the GA by an early 1Iltrasollnd: lhe former 

GA was used if known, lInless il dlffered from the latter GA by more than 7 days, tn \Vhlch 

case GA by lIltrasound \Vas used. This method of GA estimation lItllllcd at 1hls IIlslÎllltlOn 

is described by Kramer and coworkers (1988). 

Treatment length in weeks \Vas calculated by sllbtracting the GA (wel'ko;) al 

diagnosis from the GA (weeks) at delivery. 

Mean fasting and postprandial plasma glucose values (mmol/Llwere 

derived from the sum of these respective values during treatmen1 dlvided by the numher of 

values. These values were used in the descriptive and regression anL-.lysis. 

Ali variables related to labor, deUvery and infant outcome were Obi ai ncd 

from MOND and \Vere analyzed descriptively. Birthweight and birthwelght ratio were also 

used as the continuous dependent variables in multiple regression analyses. Blrthweight 

ratio is derived by MOND using the infant's birthweight divided by the standard 

birthweight for the infant's gestational age; this method has been described by lJsher and 

McLean ( 19(9). 

----------- --- • 
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Table 19& Multiple regression analysis of potential predidors of birthweight in 
grarm(N=4J6) 

Dependent variable: 
R square: 

Birthweight 
0.233 

Birthwei~t mtio 
0.1 

Regression Standard Regression 
Parameter 1 coefficient p value error coefficient p value 

Intercept -1681.05 0.0873 980.201 0.4915 O.(lO46 
Gestational age Il.33 0.0002 2.988 
Body mass index \6.73 0.0001 3.805 0.0049 0.000\ 
Height 6.41 0.0297 2.722 0.0017 0.06\0 
Parity 31.~ 0.0602 16.frl -.0011 03643 
Smoker -206.58 0.0001 48.231 -.5409 0.0004 
Infant gender 88.64 0.0268 39.25 0.0272 0.0297 
Treatment with diel 

or diet and insulin 51.34 0.3198 51.962 0.0321 0.0448 
Mean fasting PG 96.02 0.0166 47.732 0.0266 0.0344 
Days of treatment -1.25 0.0767 0.682 -.0003 0.1303 , 
Rate of weight gain • " 

" prior to diagnosis 784.80 0.0001 122.644 0.2162 0.0001 ~, 

[ Rate of welght gain 
r during treatment 14.80 0.8055 54.679 0.0038 0.8428 

t Mean daily energy 
intake 0.017 0.9214 0.148 0.O5~ 0.92~ 

, Units for the parameters are: 
Gestational age: days 
Body mass index: kg/m:! 
Height: cm 
Age at diagnosis: years 
Smoker: no, yes 
Infant gender: female, male 
Mean fasting PG: mmol/L 
Rate of weight gain: kg/wk 
Mean energy intake: kcal/d 



t Table 19b. Regression analysB oraU women (N=4J6) 

Dependent variable: 
R square: 

Bi rthweight 
0.235 

Birthwei~t ratio 
0.1 

Regression Standard Regression 
Parameter coeffK:ient p value error coeffICient pvalue 

Interl'ept -1564.148 0.0895 944.56 0.4333 0.0043 
Gestational age 10.928 0.0002 2.95 
Body mass index 17.087 0.0001 3.73 0.0052 0.0001 
Height 6.450 0.0228 2.82 0.0019 0.0343 
Smoker -210.621 0.0001 47.95 -.0569 0.0002 
Infant gender 92.217 o.on; 39.69 0.0285 0.0216 
Pa rit y (0,1;> 1 ) 31.753 0.0612 16.92 0.0118 0.0248 
Mean fasting PO 113.423 0.0017 35.97 0.0330 0.0033 
Days of treatment -0.'Il5 0.1320 0.65 -.0002 0.2445 
Rate of weight gain prior 
to diagnosis 773.559 0.0001 122.36 0.2263 0.0001 

1 "nits of parameters are same as indicated in footnote 1 Table 19a 

Table 19r. Repe!lBion UIIIysis of al women (N=436) 

Dependent variable: Birthweight Birthwei~ht ratio 
R square: 0.162 0.1 7 

Regression Standard Regression 
Parameter coeffICient p value error coeffICient p value 

Inte~e~ -l595J'» 0.1076 98931 0.4191 O.OŒI 
Gestational age 10.980 0.0004 3.œ 
Body mass index Il.sœ 0.0024 3.77 0.0036 0.0021 
Height (cm) 7.cns 0.0069 2.94 0.0024 0.0099 
Smoker -200.068 0.0001 50.10 -.0544 0.0022 
Infant gender 102.712 0.0136 41.47 0.0319 0.0137 
Parity 13.847 0.4287 17.48 0.üœ4 0.2356 
Mean fasting PG 156.179 0.0001 36.81 0.0452 0.0001 
Days of treatment -1.284 0.0440 0.64 -.0003 0.1597 



,", 
Table 19d. Regression analysis of "core" variables (N=4.16) 

lE, 

Dependent variable: Ri rthweight Birthwe~t main 
R square: 0.116 O. 

Regression Standard Regres ... ,ion 
Parameter coeffICient p value error coefflcienl Il value 

Intercept -1193.132 02U2 999.39 0.5886 0.0002 
Gestational age Il.5frl 0.0002 3.13 
Body mass index 16.033 0.0001 3.58 0.0051 0.0001 
Height 7.762 0.0097 2.99 0.0021 O.()J3R 
Smoker -211.487 0.0001 51.15 -.0574 o.oom 
1 nf ant gender 102.761 0.0158 42.42 0.0319 (),()J 53 

Table 199. Regression analysis of core plus lenRth of tream.ent (N=4.16) 

Dependent variable: Birthweight Rirthwe~ ratio 
R square: 0.123 O. 

Regression Standard Regre~ion 
Parameter coeffICient p value error coeffICient p value 

Intercept -1055.168 0.2914 998.95 0 . .5856 0.0002 
Gestational age 11.032 0.0005 3.14 
Body mass index 17.176 0.0001 3.62 0.()()53 0.0001 
Height 8.035 0.0073 2.98 0.002.1 0.01 J7 
Smoker -209.646 0.0001 51.01 -.0570 O.()(lO4 
Infant gender 102.000 0.0163 42.29 0.0318 0.0156 

Days of treatment -1.230 0.0568 O.M -.0003 0.2072 

Table 1911. JleKression lIIIIIIysis oI'œre with traament lfOIIP (N=4.16) 

Dependent variable: Birthweight Birthwe~ ratio 
Rsquare: 0.120 O. 

Re~ssion Standani Re~ssion 
Parameter coefficient p value elTOr coefficient p value 

Intereept -1382.619 0.1702 1006.29 0.5763 0.0002 
Gestational age 12.184 0.0001 3.15 
Body mass index 14.258 0.0002 3.77 0.0042 0.0004 
Height 7.617 0.01 Il 2.99 0.0022 0.0166 
Smoker -204.97 0.0001 51.V -.0542 0.0007 
Infant gender 8.ŒI 0.0214 42.48 0.0296 0.0243 

Treabnent 
included insulin 68.491 0.1415 46.49 0.0338 0.0176 ..... 

....... -



Table 191. Regression anaIysis of core with total weight pin (N=4.16) 

Dependent variahle: 
R square: 

Birthweight 
0.210 

Birthweight ratio 
0.162 

Regression Standard Re~ssion 
Parameter coefficient p value error coefficient p value 

Interœpt -II" .549 0.2406 945.81 0.4750 0.0017 
(Jestational age 9.7fL, 0.0011 2.98 
Rody mass index 2l.724 0.0001 3.56 0.0072 0.0001 
Height 6.966 0.0142 2.&3 0.0021 0.0200 
Smoker -208.329 0.0001 48.41 -.0564 0.0002 
1 nf anl gender 103.274 0.0104 40.14 0.0322 o.OIœ 
Total weight gain (kg) 26.9.32 0.0001 3.76 0.0073 0.0001 

Table 19j. R.,ession 1IIUIIys. of core with pre-diIIpostie weiKht pin (N=436) 

Dependent variable: 
R square: 

Birthweight 
0.216 

Birthweight ratio 
0.161 

Re~ssion Standard Re~ssion 
Parameter coefficient p value error coefficient p value 

Intereept ~.181 0.4679 94452 0.5155 0.0006 
Gestational age 8.7'1:7 0.oœ6 2.98 
Body mass index 23.oœ 0.0001 3.5t 0.0069 0.0001 
Height 6.504 0.0216 2.82 0.0019 o.om 
Smoker -210.988 0.0001 48.22 -.0571 0.0002 
Infant gender 77.58) 0.0151 39.99 o.on 0.0150 

Weight Rain prior to 
diagnosls (I(g) 27.056 0.0001 3.65 0.0070 0.0001 

Table 1te. R .......... .,. of. women (N=4J6) 

Dependent variable: 
R square: 

Birthweight 
0.205 

Birthweight ratio 
0.163 

Re~ssion Standard Re~ssion 
Parameter coefficient pvalue error coefficient p value 

Intereepl -1118.139 0.2385 947.21 0.5654 0.0002 
Geslalional age 10.850 0.<Xm 2.98 
Body mass index 21.4'1:7 0.0001 3.50 0.oœ5 0.0001 
Height 6.030 0.0:.,52 2.85 0.0017 0.0542 
Smoker -219.023 0.0001 48.52 -.OB 0.0001 
Infant gender 93.011 0.0214 40.29 0.0289 0.0216 

( Rate of we~ht gain ~rior to 
diagnosis g/week &B.l86 0.0001 11937 0.2395 0.0001 

, 
, , 
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Table 19k. Regression analys~ of aU women (N=4.lé) 

Dependent variable: Birthweight Hirthwe~t nllio 
R square: 0.119 n. 

Regression Standani RegressIOn 
Parameter coefficient p value error coefficient p value 

Intercept -1272.162 0.2041 100032 O.hl44 (l.()(lll 

Gestational age 12.Œl3 0.0001 3.15 
Body mass index 14.281 0.0002 3.82 0.(lO42 O.()()()4 

Height 7 . .582 0.0115 2.99 0.0022 n.OITI 
Smoker -205.627 0.0001 51.30 -.0545 OJXlWl 
Infant gender 98.8>3 0.03>5 42.49 0.0299 o.om 
Insulin dosage 43.153 0.1872 32.67 0.0214 n.m.u 

Table 191'. Repession IUllllysis of ... women (N=4J6) 

Dependent variable: Birthweight Birthwei~ht rntio 
R square: 0.1.îJ 0.1 1 

Regression Standanl Re~ssion 
Parameter coefficient p value error coefficient p value 

Inte~ept -1600.835 0.0926 985.26 0.4359 0.0058 
Gestational age 11.378 0.0002 3.07 
Body mass index 10.553 0.0049 3.73 0.cXH5 0.clO27 
Height 7.471 0.0111 2.93 0.0022 0.0158 
Smoker -200.398 0.0001 50.19 -.0541 0.<Xn> 
Infant gender 104373 0.0124 41.57 0.0324 0.0122 

Mean fasling 
plasmaglucose 159.400 0.0001 36.77 0.0464 0.0001 

Dependent variable: 
R square: 

Birthweight 
0.161 

Binhwei~t ratio 
0.147 

Re~ssion Standanl Re~ssion 
Parameter coefficient p value error coefficient p value 

Inle~ept -2091.2&1 0.0344 98.530 03610 0.0212 
Gestational age 12.291 0.0001 3.04 
Body mass index 11.625 0.0012 3.58 0.oœ6 0.0011 
Height 8.447 0.om8 2.90 0.0025 0.0054 
Smoker -194.493 0.0(1)) 49.76 -.0519 O.ocœ 
Infant gender 101.102 0.0145 41.18 0.0314 0.0139 

""" Mean post-prandial 
~ 

plasma glucose 114.546 0.0001 21.93 0.0370 O.WH 
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Appendix VII 

Tables 20a to 21e 

( 



1 Table lOB. Regression anaIysis ofwomen lIOI'IDlI PftIVDvid DMI (0=144) 
Dependent variable: Infant birthweight 

Regression Standard 
Independent variable coefficient p value crror R "quart' 

Intercept -1943.145 0.1289 1275.071 O.2~ 
Gestationallength 8.8(H 0.0152 .lhOl 
Body mass index 40.696 0.0049 14 .. U6 
Height 10.877 0.0Œ9 4.12~ 
Smoker -196.688 0.<Xœ ~ï.:WO 
Infant gender IJ8.276 O.Offi4 ~.7~2 
Maternai age -1.%1 0.6898 4.~ 
Rate of weight gain 

prior to diagnosis 705.913 0.0002 183.203 
Fasting plasma glucose 39.œ6 0.468.1 ~.l783 

Table lOb. Regression anaIysis ofwomen with Ov~rweight and Obeie prearavid DM) 
(n= 140) Dependent variable: Infant birthweight 

Regression Standard 
Independent variable coefficient p value error R "qllare 

model 1 
Intercept \260.157 0.4890 IRI6.092 0.2~ 
1. Gestational length 6.988 0.2146 ~.603 
2. Body mass index 5.473 0.4761 7.658 
3. Height -2.m5 O.67ff1 4.776 
4. Smoker -219.909 0.0247 96.TI2 
5. Infant gender -44.171 0 . .5860 8l'X>3 
6. Maternai age -6.330 0.4209 7.840 
7. Rate of weight gain 

prior to diagnosis 710.242 0.0001 18>.619 
8. Fasting plasma glucose 204345 0.0004 56.011 

modeI2: "core" modeI 
l, 2, 3. 4, and 5 0.042 

model3 
Rate of weight gain 

prior to diagnosis 813.771 .0001 181.644 0.129 

model4 
Fasting plasma glucose 245.954 .0001 57.4fn 0.118 

model! 
..,... 1, 2, 3,4. 5 plus 

'\Il-
Length of treatment -2.15\ 0.0329 0.9978 0.074 



Table 2Oc. Regression anaIysis ofwomen Obese pretVBVÎd HMI (n=96) 
Dependent variable: Infant birthweight 

Regression Standard 
Independent variable coefficient p value error R square 

modell 
Inlercept 761.775 .7556 2439.336 0.298 
1. Geslalional length Il.660 .1315 7.6:!h 
2. Body mass IOde x 9.349 .3772 10.531 
:l. Height -1.642 .7767 5.772 
4. Smoker -215.036 .Œ63 123.913 
5. Infanl gt'nder 5.887 .95~ 106.264 
6. Maternai age -1.527 .8803 10.109 
7. Rate of weighl gain 

prior 10 diagnosis 820.253 .rom 215.~ 
8. Fasting plasma glucose 264.755 .0011 78.221 

mode12: 
Rate of weight gain 

prior to diagnosis 889.764 .<XlO) 215.576 0.156 

modelJ: 
Fastmg plasma glucose 275.494 .ooœ 79.419 0.115 


