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PREFACE

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

publishcd or submill(:d for publication. In order to inform the external examiner

of Faculty regulations, the following five indented paragraphs are reproduced

from the Güidclines for Thesis Preparation by the Faculty of Graduate Studies

and Research.

"Candidates have the option of including, as pan of the thesis, the text of

a paper(s) submitted or to be submitted for publication, or the clearly

duplicated text of a published paper(s). These texts must be bound as an

illtegral pan of the thesis.

If this option is chosen, connecting texts that provide logical bridges

between the different papers are mandatory. The thesis must be written in

.<uclz a way that it is more than a mere collection of manuscripts; in other

words, results of a series of papers must be integrated.

The thesiJ must still conform to all other requirements of the "GuideLines

for Thesis Preparatio;,". The thesis must include: A Table of Contents, an

abstract in English and French, an introduction which clearly states the

rationale and objectives of the study, a comprehensive review of the

literature. a final conclusion and summary, and a thorough bibLiography

or reference List.

Additional material must be provided where appropriate (e.g. in

appendices) and in suffïcient detail to allow a clear and precise
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judgemelll co be made of the imponance and originality of the research

reponed in the thesi!>.

ln the case of manI/scripts co-authored by the candidate and others. the

candidate is required ta make an explicit statement in the thesis as ta who

colltribllted to such work and to what extent. Supen'isors must aueSf ta

the accuracy of such statements at the doccoral oral defence. Since the

task of fhe examiners is made more difficult in these cases, it is in the

candidate's interest to make peifectly clear the responsibilities of ail the

allthors of the co-authored papers. Vnder no circumstances can a co

aUfhor of any component of 5/lch a thesis serve as an examiner for that

thesis. "
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ABSTRACT

The interrelation among maternai dietary intake, pregravid weight, amount

and pattern of gestational weight gain and cigarette smoking in influencing the

balance between fetal growth and maternai postpartüm weight retention was

investigated in 1,330 healthy participants in the PEI Nutritional Counselling

Program. Among nonsmokers, gestational weight gain was the main predictor

of postpartum weight retention and explained 65.3% of its variability, while

explaining only 4.7% of infant birth weight variability. Women with higher

postpartum weight retention gained more weight during pregnancy and most of

the difference between higher and lower weight retention groups occurred in the

first 20 weeks. When comparing infant size between smoking and nonsmoking

mothers, birth weight increased linearly with maternai weight gain in ail weight

status groups except in overweight nonsmokers where birth weight reached a

plateau at weight gains > 17 kg. Among smokers, infant length increased at a

higher rate with weight gain than nonsmokers. Although higher weight gains

seemed to partially mitigate the effeet of smoking on the risk of small-for

gestational-age (SGA) infants, such risk remained > 10% Cl elcvated weight

gains among underweight smokers. The effects of smoking in reducing maternai

and infant weights were not mediated by lower energy intake, as smokers

consumed more energy than nonsmokers after controlling for physical activity

and pregravid weight. Thr. independent relative risks of SGA infants due to

maternai smoking, pregravid underweight and low weight gain, were 3.23, 1.80

and 1.72 respectively, implying that smoking has the greatest effect on SGA.

Based on current smoking prevalence in Canada, the population etiologic

fraction of SGA due to the direct effect of smoking is 30.8%; approximately

twice that for maternai underweight or low weight gain. Efforts to increase
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infant birth weight through higher maternai weight gain would require

impractically high energy intake and could lead 10 postparturn obesily. To allain

a properly balanced pregnancy outcome among well-nourished women, deferring

a larger portion of required weight gain to latel part of pregnancy. particularly

in the overweight. may help reduce postpartum obesity, while smoking cessation

and adequate weight gain in normal and underweight women are most important

for promoti ng fetal growth.
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ABRÉGÉ

Chez 1330 panicipantes en santé au programme nutritionnel de l'Ile du

Prince Edouard. les relations entre, d'une pan, le régime alimentaire, le quantité et

le patron du gain maternel ainsi que le tabagisme durant la grossesse, le poids

maternel avant la grossesse, et d'autre pan, l'équilibre entre la croissance foetale et

la rétention de poids post-panum ont été étudiées. Panni les non-fumeurs, le gain

de poids maternel était le principal facteur de prédiction de la rétention de poids

post-panum. En eff!:t, le gain de poids maternel a expliqué 65.3% de la variabilité

de la rétention du poids post-partum, mais seulement 4.7% de la variabilité du

poids à la naissance. Les femmes ayant une rétention de poids post-panum plus

élevée que la moyenne ont gagné plus de poids que les autres femmes durant leur

grossesse, particuliérement avant la vingtième semaine de gestation. Cette étude a

démontré que le poids du bébé était relié de façon linéaire au gain maternel

indépendamment du tabagisme ou du poids maternel avant la grossesse. Cependant,

le poids des bébés des femmes non-fumeurs obèses a atteint un plateau à panir

d'un gain total de 17 kg. La taille des bébés était plus affectée par le gain de poids

maternel parmi les fumeurs que parmi les non-fumeurs. Même si un gain de poids

maternel plus élevé diminue le risque d'un enfant petit pour ('âge gestationnel, le

risque demeurerait élevé ( > 10% ) chez les fumeurs de poids insuffisant. Les

effets du tabagisme sur le poids du bébé à la naissance et sur le poids maternel
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n'étaient pas dus a un apport réduit en énergie. En effet. en tenant compte de

l'activité physique et du poids maternel avant la grossesse, l'apport énergétique des

fumeurs était plus élevé que celui des non-fumeurs. Les risques relatifs d'avoir un

bébé de petit poids à la naissance étaient plus importants chez les fumeurs (RR

3.23) que chez les mères de poids insuffisant avant la grossesse (RR 1.8ll} ou chez

celles qui ne gagnaient pas suffisamment de poids durant la grossesse (RR 1.72).

Basé sur la prédominance du tabagisme au Canada, 30.8% de ('incidence des

bébé. de petit poids à la naissance est attribuable directement aux effets de la

cigarette. Cet effet est deux fois plus important que celui du poids insuffisant de la

mère avant la grossesse ou de gain de poids insuffisant durant la grossesse. Les

tentatives de réduire le nombre de bébés de petit poids à la naissance parmi les

fumeurs par une augmentation substantielle de l'apport énergétique risqueraient

d'augmenter le nombre de mères obèses post-parrum. Afin d'équilibrer la

croissance foetale et d'éviter un surplus de poids important post-partum parmi les

mères bien nourries, il est important de favoriser une plus grande portion du gain

de poids exigé à la dernière partie de la gestation. Pour les femmes d' ur, poids

normal ou sous leur poids idéal, il est important de ne pas fumer et de gagner

suffisamment de poids durant la grossesse afin de promouvoir la croissance foetale.
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co-authored by Dr. K. Gray-Donald, Dr. K. Koski, and Ms. E. Newson who

assisted in reviewing and proof-reading the manuscripts and in pointing to titerature

citations.

A comprehensive data set of infant and maternaI variables was obtained

from the Prenatal Nutrition Counselling Program of the PEI Department of

Health & Social Services. This data set was for exclusive use by McGill

University and had not been fully analyzed before. The diversity of variables

included in the data set offered a unique opportunity to explore the balance of

fetal growth and maternaI weight retention, white controlling for a large number

of measured confounders. The relatively high percentage of smokers in the

study population alloweJ a more thorough exploration of the role of smoking in

pregnancy than what has been reported in the Iiterature.

The methodology presented in Section 4.2 contains novel approaches to

enhance precision and accuracy of the analysis beyond what is reported in the

Iiterature. The new methodological approaches are as follows:

1. Infant birth weight was c1assified into small (SGA), adequate (AGA) and

large (LGA) by considering both gestational age of the infant and its gender.

This is to take into account the lower average birth weight among female

infants, and thus avoid misclassification of infant birth weight commonly

found in the Iiterature.
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2. MaternaI size was analyzed as two uncorrelated components: (a) standard

weight for height and frame size, and (b) actual difference from standard

weight. The former served to reflect maternai height and frame size, while

the latter was used to reflect over- or underweight status. This new approach

was to avoid multicollinearity between maternai pregravid weight and height

that are often used in the Iiterature as independent predictors of pregnancy

outcome.

3. Throughout this research, smokers and nonsmokers were treated as two

distinct groups to compare their pregnancy performance relative to a

multiplicity of determinants and to explore possible interrelations between

smoking status and other predicting variables (Section 4.4).

This is the first rigorously controlled study to investigate the relationship

between maternaI dietary energy intake and the level of cigarette smoking during

pregnancy after controlling for measured variables influencing energy balance. The

new findings in Section 4.5 that higher smoking levels were associated with

increased energy intake and decreased weight gain during pregnancy refute previous

hypotheses that smoking reduces weight gain through appetite suppression.

This study added important new information to the controversy concerning

dietary compensation for the negative effect of maternai cigarette smoking on infant

birth weight. The results of Sections 4.4 and 4.5 show that impractically high

amounts of dietary intake and weight gain would be required to compensate for the

smoking effect.

This research was the first to explore the combined effect of the main

modifiable risk factors (pregravid underweight, low gestational weight gain, and



•

•

•

xiii

smoking) and to evaluate their relative importance in terms of their respective

etiologic fractions concerning a study population in Canada (Section 4.5). The

proportion of SGA infants independently attributable to maternaI smoking was round

to be approximately twice that attributable to each of pregravid underweight and low

gestational weight gain. This provides a new emphasis on the primary importance

of smoking cessation in prenatal programs.

This is the first study to investigate both fetal growth and maternai postpartum

weight retention concurrently, as opposed to previous studies which investigated

either maternai or fetal outcome separately. The author conceived the original

hypothesis that the timing of weight gain during pregnancy affllcts fetal growth and

maternai weight retention differently (Chapter 3). No previous studies have

explored the contribution of partial weight gains during different stages of pregnancy

(as opposed to the total amount) to pregnancy outcome. By exploring this novel

hypothesis, this research has led to unprecedented findings on the contribution of

weight gain pattern to maternai postpartum weight retention and infant birth weight

(Section 4.6). A controversy exists in the Iiterature on the merits of increasing

maternaI weight gain that may enhance fetal growth but may at the same time

adversely affect the mother. This research explored, for the first time, possible

means for achieving a balance in pregnancy outcome that would decrease bath risks

of SGA infants and maternaI postpartum obesity. The new findings revealed the

importance of the appropriate timing of weight gain during pregnancy (Section 4.6)

to achieve such a balance.

The results of this thesis are intended to set a direction for defining

recommendations for both the total amount and pattern of weight gain among

healthy mothers who do not smoke during pregnancy (Section 4.6). Existing weight

gain recommendations address only the total amount of weight gain and are based on

studies using mixed populations of smokers and nonsmokers. The novel research
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study populations in order to establish recommendations for the total amount and

pattern of wcight gain in different conditions.

xiv
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1. INTRODUCTION

Pregnancy is a growth process, and its optimum outcome represenls a

proper balance between fetal growth and maternaI tissue accretion. In this

process, different genetic and environmental factors inlerrelate with each other

to influence pregnancy outcome. Although the effects of various factors on fetal

growth have been reported extensively, the effect of each factor has been studied

in isolation [Kr.mer 19871, and there is limited knowledge on the inter-relationship

among them in their influence on fetal growth. Moreover, the influence of such

factors on the balance between both maternai and neonatal outcomes, has

received little attention. MaternaI nutrition is a main environmental factor that

plays an important role in supporting the required growth for both the mother

and her fetus. While a nutritional deficiency may undermine fetal growth, an

excess in dietary energy intake may expose the mother to pregnancy

complications and subsequent obesity.

The following two sections briefly review determinants of the two

outcomes of pregnancy; fetal growth and maternai postpartum weight retention.

More detailed literature review specifie to eaeh of the modifiable delerminanls

primarily addressed in this thesis will follow in Chapter 2.
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1.1 Summary of fetal 2rowth determinants

This section reviews the effect of maternai nutrition and other factors on

retal growth. Factors such as maternai age, height, parity, medical risk

conditions, past obstetric history, ethnie origin, socioeconomic status,

gestational length and infant gender are non-modifiable but are useful to

consider in the assessment of pregnancy risks. Other factors such as maternai

nutrition, weight gain, cigarette smoking, alcohol intake and physical exercise

during pregnancy are modifiable and can be targeted in prenatal intervention

programs. Pregravid weight status can be changed prior to pregnancy, and

because of its interaction with weight gain, it will be treated as potentially

modifiable.

ln studying the impact of modifiable and non-modifiable factors on

pregnancy outcome, infant size at birth is used as proxy for fetal growth.

Infant birth weight is considered as the primary indicator of infant health and

survival ISaug'lad tI a/ t981. MeCormiek el 0/1985, Buebler el 0/1987, Sappenfield tl a! 1987,

Rona tl 0/19931, and subsequent neurologieal development (Seidman tl 0/1992. Geerdinl<

& Hopkin, 1993. Porfar tl 0/19941. The lowest mortality and morbidity rates are

reported for birth weights between 3 and 4 kg (Hague tl 0/1987. Wileox 1993. DHHS

1994). Infant morbidity Iinked to low birth weight may be in the form of either

cerebral paisy, epilepsy, hypoglycaemia, hypocaleemia, polycythemia, or birth

asphyxia IU,her 1970. Eilenberg el 0/1979, Shapiro 1980, Oun'led tl 0/1984, Arora 1987. Ounsled

tla/1988. Kramer 19891. The higher side of birth weight is also implicated with

variolls maternai and feml risks. Maternai complications inelude laeerations

requiring repair and cesarian section delivery (Lipscomb tl 0/1995). Macrosomie

neonates (> 4 kg) are at higher risks of bronchial and facial paralysis, c1avicular
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and cranial fractures, birth trauma IModanlou,' 011980. Boyd ., 0/1983, Bromwick 19861,

and of being overweight in late adolescence (Seidman "0/1991).

Infant birth weight by itself retlects not only fetal growth, but also the

length of gestation. Although low birth weight (LBW), defined as < 2.5 kg, is

considered in itself as an undesirable outcome of pregnancy, this definition

reflects both preterm infants « 37 weeks gestation), and those born at term but

too small for their gestationa! age as a result of fetal growth retardation. When

comparing infants of wide range of gestational ages, the degree of maturity is a

stronger index of survival than weight [IOM 1990J. However, in full term infants,

weight for gestational age becomes the main indicator of infant health IArnold ., al

1988J. This thesis focuses on full term infants and uses infant birth weight for

gestational age to characterize fetal growth. Each determinant of fetal growth is

reviewed below, starting with maternai nutrition and other modifiable factors,

followed by a short summary of non-modifiable factors.

1.1.1 Maternai nutrition

Maternai nutritional deficiency during pregnancy, due either to poor

nourishment or poor nutrient utilization interferes with normal fetal growth by

impeding placental growth and function, and by limiting availability of nutrients

to the fetus [Rosso 1981). Rosso (1990) suggested that reduced tlow of maternai

blood or nutrients to the placenta reduces the efficiency of fetal access to

nutrients when maternaI stores fall below a certain threshold, as iIIustrated

below.
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Poor nourishment or poor nutrient utilization
,j,

MATERNAL MALNUTRITION
,j,

Reduced blood volume expansion
,j,

1nadequate increase in cardiac output
,j, ,j,

Decreased placental size ~ Decreased nutrient transfer
,j,

fETAL GROWTH RETARDATION

The direct effect of restricted intake during pregnancy on fetal growth

retardation may depend on what stage of pregnancy it occurs. This effect has

been established by the natural experiment of the Dutch Famine from October

1944 to May 1945 [SIein et 011975). There, sharp time·limited changes in food

supply within weil demarcated areas allowed both place and time comparisons.

The study by Stein et al (1975) included a total of 2,411 pregnancies from a

region exposed to famine and 2,439 from unexposed regions. Those affected by

the famine had had their intake reduced to an inJividual daily ration of ~1 ,500

kcal/d (6,270 kJld) including ~50 g/d of protein. Comparison of pregnancies

from exposed and unexposed regions during the famine period provided control

for seasonal variations. In these regional comparisons, pregnancies most

affected by the famine were those exposed during both second and third

trimesters, where infant birth weight fell 327 g from a level of 3,338 g in the

unexposed controls. The other two dimensions of fetal growth, i.e. body length

and head circumference were also reduced by this exposure to the famine.

Comparison of pregnancies from the same region during and after the famine,

provided control for regional differences. Third trimester intakes of

approximately 3,200 kcal/d (13,380 kJ/d) in mothers exposed to the famine in
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earlier months restored infant birth weight by 297 g above those exposed

throughouttheir entire pregnancy.

Since this historical establishment of a clear impact of dietary deficiency

on reduced inf'lnt size, rlifterent approaches have been adopted for improving

maternai nutrition and enhancing fetal growth; The two principal approachcs arc

(a) to provide prenatal dietary intervention and supplementation to nutritionally

disadvantaged women, with either balanced protein-energy, high energy, or

high protein supplements (Susser 1991, Kramer 1993, IOM 19901; and

(b) to define additional dietary requirements in pregnancy for the general

healthy populations (ACOG 1983, FAOIWHO/UNU 1985, NRC 1989, HWC 19901.

Studies of dietary supplementation during pregnancy have produced

inconsistent results with respect to changes in mean birth weight (Susser 1991,

Kramer 1993, 10M 19901; Several studies showed no significant improvement in

infant birth weight with prenatal dietary supplementation, while others showed

relatively small but significant improvements primarily among under-nourished

and underweight mothers. There are several possible explanations to this

inconsistency. Fundamental problems with research design may have prevented

the detection of significant effects of energy supplementation. For example,

randomization was sometimes ruled out for ethical reasons related to the

population nutritional needs (Higgins 19891, or the sample size was too small to

randomize (Adams" 011978). In other studies, the amount of supplements

consumed may have been insufficient: (1) because the supplement was shared

with other family members IMara ., 011979), (2) due to non-compliance (Blaekw.1I "

0/19731, or (3) because subjects replaced their customary diet with the supplement
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IRush ri a/ 1980. Kardjali ri al 19881. Even when supplementation was more rigorously

administered, the study subjects who did not benefit from it may have not been

under-nourished and fetal growth retardation may have resulted from factors

other than under-nutrition IVicgas ri a/1982a. Rush ri a/1988a). In general, it seems

that supplementation can only benefit those women who have poor nutritional

status. It is therefore important to assess maternai nutritional status when

determining the necessity of dietary supplementation during prcgnancy by

considering maternaI characteristics which are related to nutritional status, such

as prcgravid weight, height, physical activity, health conditions and age.

With respect to the general healthy pO;Julation, estimated dietary energy

requirements for pregnancy are found to be sUDstantially higher than observed

intakes. The factorial method estimates a total energy cost of pregnancy as

80,000-85,000 kcal (334-355 MJ) IFAO 1973. Hyucn& ChamhcrJain 1980. 19911.

ln contrast to these estimated requirements, the increase in energy intake over

the entire pregnancy was estimated to be no more than 22,000 kcal (92 MJ)

among well-nourished Scottish and Dutch women by using the weighed

inventory technique for 3 or 5 consecutive days every 2, 4 or 6 weeks

throughout the pregnancy IDurnin ri a/ 1985. 19911. In the absence of data on actual

dietary intake or energy expenditure by Canadian pregnant women, Health and

Welfare Canada IHWC 19901 recommeMed 65,000 kcal (270 MJ) for a cumulative

pregnancy increment as an intermediate value between estimated requirements

and observed intakes. This value falls between the two levels of

FAO/WHO/UNU recommendations; 56,000 kcal (234 MJ) for reduced physical

activity and 80,000 kcal (334 MJ) for normal activity IFAO 19851.

Part of the large discrepancy between observed increase in energy intake

and estimated energy cost of pregnancy can be auributed to sorne energy
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conservation mechanisms that may reduce energy expenditure per I:g of body

weighl. Energy conservation can occur from decreases in basal mctabolism

(Tauzon tl al 1986. Durnin 1987. 1991, Lawrence .1 0/19871. physical activity and/or

thermogenesis (Tboogpra.el & Valyas.ri 1986. Tauzon .1 al 1986. van Raaij .1 al 19861.

Measured actual changes in total energy expenditure during pregnancy (basal

metabolism. lhermogenesis and activity) have been found to vary widely among

individuals depending largely on maternai weight status (Poppill .1 al 1994. King tl ail.

dietary intake IDurnin 19871. and the pace and intensity of physical activity (Banerjee

el 0/1971, Blackburn & Colloway 1976. Langboff-Roo"1 al 1987bl. This wide variability

makes it difficult to establish standard requirements for el'ergy intake during

pregnancy for ail women. Energy intake and expenditure during presnancy are

further reviewed in Chapter 2.

1.1.2 Other modifiahle determinants

MaternaI weight gain during pregnancy. in contrast to energy intake.

reflects the net balance between energy intake and expenditure. provided that no

excess f1uid is retained. Weight gain al50 can be measured more accurately and

objectively than dietary intake. Despite its wide variation among women having

infants of normal birth weight (3-4 kg at term) (Taff.1 1986. Dawes & Grudzinskas 1991b.

Jobn'lon & Kandell 1992(. weight gain is weil established as an important determinant

of infant birth weight (Abram. & LarDs 1986. Hediger'l 0/1989. Wen'I al 1990a.b. Hiekey tl al

1993(. Weight gain is also reported to be associated with infant length and head

circumference (Miller & Merrill19791. The rate of weight gain changes at different

stages of pregnancy IDawes & Grudzinskas 1991bl. and the timing of such rate is also

important to fetal growth in addition to the I.otal amount of weight gain. The

rate of weight gain later in pregnancy is reported to be more important to fetal

growth than earlier (Slein ., 0/1975. Pieone .1 al (l982bl. LaWlOn .1 al 1988(. Trends of
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increased emphasis on Iiberal maternai weight gain were accompanied by

increased birth weight IArbuckle & Shennan 1989, (OM 1990), although other factors

may have also contributed to fetal growth during this period such as increased

pregravid weight. increased height, decreased smoking during pregnancy. and

increased participation in prenatal care programs [Kim" a/1992J.

More recently, however. there has been a growing concern about

pregnancy complications associated with excessive weight gain. Such

complications include hypertension, gestational diabetes, and operative delivery

[Vanna 1984. Sbepard'I a/1986, Dawes & Grudzinskas 1991a. Hytlen & Chamberlain 19911,

preterm delivery [Wen'I a/1990a). fetal macrosomia [Boyd 1983, Hogue'l a/19871, as

weil as postpartum obesity [Parker 1994, Wolfe & Gross 1994). The risks of fetal and

neonatal deaths may also increase at higher weight gains. In the 1959·-65

Collaborative Perinatal Project, Naeye (1979) analyzed 53,518 pregnancies across

the US and showed that such risks increased at both lower and higher extremes

of weight gain depending on maternai weight status. The lowest mortality rates

occurred at weight gains of 7, 9 and 13.5 kg among overweight, normal weight,

and underweight mothers respectively. Similar results were obtained by Taffel

(1986) using data from the 1980 US National Natality Survey. The effect of

pregnancy we!ght gain on maternai postpartum weight retention will be reviewed

further in Chapter 2.

ln addition to gestational weight gain and dietary intake, maternaI slze is

an important indicator of maternaI reserves at conception and serves as a basis

for additional growth in maternai tissues. Pregravid maternai size is reflected by

two compollents: (a) height and frame size, and (b) weight status for a given

height and frame size (Hunt & Grore 1990). Welgbt status, has been traditionally

expressed as the ratio of observed weight over standard weight for height and



•

•

•

9

frame size as derived from the tables of the Metropolitan Life Insuranee

Company (MU) [MLI 1959, 1983J. The two extremes of pregravid weight status

are implieated in higher pregnancy risks. Whereas underweight women « 90%

of standard weight) are more likely to have smaller infants, overweight women

(> 120% of standard weight) have higher risks of fetal macrosomia than normal

weight women (90-120% of standard weight) [Mitchell &. Lemer 1989a, Naeye 1990,

Larsen <1 al 1990, Wcn <1 al 1990al. MaternaI belgbt is positively associated with

infant birth weight independent of other maternai characteristics [Thom,on 1971,

Ni,wander &'lack,oo 1974, Wen.' al 1990a), but this factor cannot be modified exeept

possibly over a generation.

Other modifiable factors reported to influence fetal growllt are those

related to maternaI Iife style. They inelude maternai cighrette smoking, aleohol

consumption, and physical exercise. These are briefly reviewed below,

Cigarette smoking is the risk factor reported to have by far the strongest

effeet in developed eountries on retarding fetal growth (lohnston 1981, Brooke <1 al

1989, Secher <1 al 1990, Wen.' al 1990a). The independent effect of smoking on

reducing birth weight has been estimated to range from 142 g [Abell <1 al 1991) to

224 g (A,h ., al 1989). Cigarette smoking is of particular concern in developed

countries due to its high prevalence as 25 %of Canadian and US women of

reproductive age report regular smoking (DHHS 1989a, HWC 1988 &. 1989). Although

sorne of these women stop smoking during pregnancy, approximately 20% of ail

pregnant women continue to smoke after the first trimester (DHHS 1993, Stewart <1 al

1995, Health Canada 1995). Smoking is also reported to increase perinatal mortality

independent of its effect on reducing birth weight [Wllcox 1993J, This determinant

is reviewed in more detail in Chapter 2.
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Alcohol is recognized as a potent teratogen in humans (Slreissgutb 19861.

Moderate alcohol consumption is reported to be associated with reduced infant

birth weight (Wrighl" 0/1983, Marbury ., 0/1983, Sireissgutb 1986, Walpole ., 0/1990, Shu.' a/

1995, Hannigan.' 0/1995]. Alcohol abuse leads to fetal alcohol syndrome which is

characterised by fetal growth retardation, distinct facial anomalies, and mental

deficiency IRosell 1980, Abel 19841. The effect of alcohol consumption may be

confounded since alcohol drinkers are also more likely to smoke (Van Dcn Burg

1977, Slreissgulh 1983, DiPranza & Guerrera 19901, and have a higher tendency for drug

abuse IHing,on elo/1982]. Peacock et al (1990b), and Shu et al (1995) reported

additive effects of smoking and alcohol consumption in reducing infant birth

weight. Based on three controlled studies, Kramer (1987) estimated a sample

size weighted reduction of 155 g in infant birth weight due to maternai

consumption of ~2 drinks per day. This effect could be due in part to caloric

replaceme.lt of alcohol with reduced overall dietary intake (Sakai ., 0/1980. 1981],

or to impairment of placental transport of certain amino acids and other

micronutrients to the fetus [Henderson,' 0/1981, Lin 1981].

Physical exercise during pregnancy is reported to have either a negative, a

positive or no impact at ail on pregnancy outcome, depending on frequency,

duration and intensity. On one hand, strenuous physical activity has been linked

to increased risks of premature labour and LBW [Clapp & Capeless 1990, Homer,' a/

1990, Bell el 19951. On the other hand, moderate exercise and/or walking has been

credited for fewer labour complications and prevention of excess weight gain

IClapp & Diekslein 1984. Wolfe.' 0/1989, Jarski & Trippel1990, Clapp,' 0/1992, Artal 1992,

Henrik,en,' 0/1995). Mothers who remained physically active during pregnancy

were reported in two studies to have a higher birth weight than those with low

activity levels [l!rkkola 1976, Hall & Kaufman 19871. Other studies report no impact of

physical activity on infant birth weight. A randomized experimental study of
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141 women by Kulpa et al (1987) reported thatthe number of sessions of aerobic

exercise per week was not related to birth weight or gestational length.

Klebanoff et al (1990) studied a much larger cohort of 7,101 women, and found

that physical activity. either in the form of work or aerobic exercise, was not

independently associated with birth weight or gestational age. In a meta-analysis

of 18 studies (total n=2,341), Lokey et al (1991) showed that although more

frequently exercising mothers were thinner by 5.1 kg, they had similar

gestational length, pregnancy weight gain and infant birth weight to sedentary

mothers after control\ing for height and age. In general, available evidence

suggests that moderate exercise during pregnancy wouId have either a favourable

effect or no effect on pregnancy outcome [Clapp 1994).

1.1.3 Non-modifiable determinants

ln addition to the modifiable factors reviewed above, the main non

modifiable determinants of birth outcome include maternai medical risk

conditions, age, parity, ethnie origin, socioeconomic status, infant gender, and

gestationallength [Kramer 1987.10M t990). These are briefly reviewed below.

Medical risk conditions and health status may influence fetal growth in

different ways. Severe chronic hypertension and renal disease may Iimit fetal

growth by interfering with the supply of nutrients and their clearance from the

fetus and placenta [Hyllen & Thomson t970. Willis & Sbarp 1982. Callan & Willer 19901.

Goldenberg et al (1992) reported increased rates of LBW with both low and high

maternai blood pressure. In contrast, diabetic mothers tend ta have larger babies

[Jovanovic·Pelerson & Pelerson 1988. 1990. Catalano ., 0119931. Past obstetric history often

predicts present obstetric performance, e.g. a woman who previously
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experienced a fetal loss or LBW infant is more Iikely to encounter similar risks

in subsequent pregnancies (Lckca-Karanika & Tzoumaka·Bakoula 1994, Wcn.' a/I990al.

Maternai age has a curvilinear relationship with infant birth weight (Lcc tI

a/1988, Wcn tI a/1990a, DHHS 1994}. Very young mothers who are still growing have

a higher risk of LBW infants than adults independent of socio-demographic

factors, even if maternaI weight at term is appropriate for height (Haick & Lcdcrman

1988, Muscali tI a/ 1988, Scholl tI a/1994, Unfcr tI a/1995, Frascr tI a/ 1995]. The shorter the

time interval between menarche and conception, the higher is the risk of LBW

IElslcr 1984, Frascr tI a/1995). It has been suggested that part of the effect of young

age is due to the over-representation of risk factors among adolescents, such as

poor eating habits and inadequate prenatal care (Johnslon ., a/1991, GUlierrez & King

19931. OIder mothers ~40 y are also reported to have an increased incidence of

LBW ISpcllacy tI a/1986, Milner tI a/1992, Aldous & Edmonson 19931, but after accounting

for age-related medical conditions, advanced maternai age is found to have no

association with LBW (Lee tI a/1988).

Parity is strongly correlated with maternaI age and this makes it difficult

to distinguish between the independent effects of these two factors on infant

birth weight. However, primiparous mothers have consistently smaller infants

than multiparous mothers, independent of maternaI age and pregravid weight

status [Murphy 1971, DaVanzo tI 0/1989, Wcn tI a/1990a. Cnallinigius 19931. despite having

higher gestational weight gain (Dawes & Grudzinskas 1991bl. Furthermore, the risk of

LBW is reported to increase with five pregnancies or more. regardless of

maternaI age (Kin tI a/ 1985, Ales tI 0/19901 •
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Ethnie origin is speculated to exert a direct genetic influence on infant

birth weight in addition to its indirect influence through maternai size and

nutritional and health status (WUcox tI al 1993. Wen tI al 1990a, 1995a). The mean

values for birth weight are highest in American Indians (3.6 kg), and smallest in

Asian Indians (2.9 kg) [HyUen & Chamberlain 1991). Women of Asian (ndian origin,

whether living in India or in Europe tend to have smaller babies than European

women of the same weight and height [Viegas .1 al 1987).

Socioeeonomie status is usually defined in terms of income, education,

occupation and marital status. In general, the 10wer the socioeconomic status,

the higher is the risk of LBW [Brooke .1 al 1989. de Sanjose & Roman 1991, Jonas .1 al 19921,

although at least part of this effect may be explained by differences in other

determinants of fetal growth (Wen'I al 1990a. Hemminki tI al 1992). In a representative

sample of US births from the 1988 National Maternai and Infant Health Survey,

Parker et al (t 994) found a statistically significant positive association between

infant birth weight and socioeconomic indicators (particularly education)

independent of race, parity, maternaI height and age. The reduction in maternai

weight gain and infant birth weight among mothers of low socioeconomic status

have been attributed in part to the mediation of maternai psycho-social stress in

terms of high trait anxiety, poor self attitude or inadequate social support

network [Edwards .1 al 1994. Hickey .1 al 1995) •

Infant gender is one expression of the genetic contribution to fetal growlh

pattern. On average, male infants are 140-150 g heavier than females at birth,

although there is wide overlap in birth weight distribution [Thomson ., al 1968,

Arbuekle ., al 1993. Amini .1 al 1994). Gender differences in fetal size are negligible

until about 33 weeks gestation, after which the weight increase of males exceeds

that of females, presumably under the influence of the infant sex hormones INaeye
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1979). The first known study of diet and pregnancy by Prochownick (1901)

reporled that restricted food intake throughout pregnancy reduced birth weight

more in females (-500 g) than in males (- 400 g). More recently. controlled

dietary supplementation trials among under-nourished women in Columbia

IHerrera tI 0/1980) and Taiwan (Adair & POllil 1985J resulted in increased maternaI

weight gain and infant birth weight only with male infants. The relationship of

infanl gender to maternai dietary intake and weight gain during pregnancy seems

to warrant furlher examination.

Gestationallength (or gestlitional age) is the length of time from

conception to delivery, and is the most significant biological determinant of birth

weight (Amin; .1 0/1994). It has a special role in being both an outcome of

pregnancy with regards to neonatal maturity. as weil as a strong determinant of

both maternaI weight gain and infant birth weight (Hytten & Leileh 1971. Ash'l al

1989]. For this reason, gestational length can confound the relationship between

maternaI weight gain and infant birth weight by making association appear

stronger than what il actually is; i.e. longer gestation involves higher weight

gain and higher birth weight.
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1.2 Summary of postpartum weight retention determinants

The contribution of modifiable or non-modifiable factors to pregnancy

outcome has been studied mainly with respect to fetal growth. and very little

emphasis has been given to the maternai outcome in terms of postpartum weighl

retention. Weight gain during pregnancy is the major contributor to postpartum

weight retention [Forsum <1 al 1988, Ôhlin & Rilssner 19901. and excessive total weight

gain during pregnancy is reported to increase the risk of postpartum obesity

[Parker & Abrams 1993. Keppel & Taffe119931. Total weight gain. however, conceals

differences in the rate of weight gain at different stages of pregnancy and these

differences can have an impact on fetal growth [Lawton <1 al 19881. and possibly

postpartum weight retention. However. t\1e effect of the timing of weight gain

on postpartum weight retention has not been researched so far.

Other factors known to increase postpartum weight retention are lower

socioeconomic status [Parker & Abrams 19931. and single parity as more weight is

retained with the first pregnancy than after subsequent pregnancies [Smith <1 al

19941. Chapter 2 will review the determinants of postpartum weight retention in

more detail.
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1.3 Rationale and objectives

The above review summarized literature findings on individual

determinants of pregnancy outcome. Most reviewed studies have examined the

independent effect of each determinant either on neonatal or maternai outcome

of pregnancy and emphasized infant birth weight as the outcome of main

concern. No studies have yet explored the interrelation among different

determinants in affecting both the motl,er and her infant at the same time.

The main objective of this thesis is to address the need for promoting fetal

growth without incurring unnecessary maternai fat accretion. Measures to

promote fetal growth by increasing dietary energy intake would inadvertently

increase maternai fat accretion. In this context, an optimum pregnancy outcome

represents a balance between reducing the two risks of small-for-gestational-age

infant, and maternai postpartum obesity. Achieving such a balance could also be

conducive to a reduction in other risks associated with excessive weight gain,

such as fetal macrosomia (Iarge-for-gestational-age infant), gestational diabetes,

pregnancy induced hypertension, cesarean section or preterm delivery.

Attaining such a balance may require a proper management of pertinent

modifiable factors. the most important of which are dietary intake, pregravid

weight status, amount and timing of weight gain, and cigarette smoking (Kramor

1987, Won'l al 1990al. Therefore, the combined impact of these interrelated factors

on both neonatal and maternai pregnancy outcomes needs to be studied with a

proper control of other confounding variables.

The major hypothesis central to this thesis is as follows. The modifiable

maternai factors (dietary intake, pregravid weight status, amount and timing of
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weight gain, and cigarette smoking) interrelate with each other in influencing the

balance between fetal growth and maternai fat accretion, for similar values of

non-modifiable factors. This thesis will givc a special emphasis to the effect of

maternai cigarette smoking in view of (a) ils strong negative impact on fetal

growth, (b) its high prevalence among Canadian pregnant women, and (c) its

suspected interrelation with maternai nutrition and weight parameters in

influencing pregnancy outcome.
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2. MODIFIABLE DETERMINANTS OF NEONATAL

AND MATERNAL OUTCOMES

Chapter 1 summarized the effect of modifiable and non-modifiable

determinants of maternai and neonatal outcomes of pregnancy. The key

modifiable determinants identified in Chapter 1 included maternaI diet, maternai

size at conception, amount and timing of gestational weight gain, and cigarette

smoking, which will be the primary focus of the research work of this thesis.

The following is a critical review of the literature with respect to the effect of

these four determinants on pregnancy outcome. Included in this review are only

studies that adequately controlled for potential confounders in exploring the

effect of any individual determinant. In experimental studies this requires

random assignment of subjects into treatment and control groups. Ir.

observational studies, such control is achieved through statistical methods by

including the confounders in multivariate analyses. Reported effects are

considered to be statistically significant when p <0.05.

As the main research question is concerned with the balance between fetal

growth and maternai fat accretion, pregnancy outcomes of interest are as

follows:

(a) neonatal outcomes in terms of infant birth weight, length and head

circumference, or the risks of small-for-gestational-age (SGA) or large-for

gestational-age (LGA) infants; and

(b) maternaI outcomes in terms of fat accretion, postpartum weight retention or

the risk of postpartum obesity.
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The risks of preterm delivery. maternai and neonatal mortality or

morbidity will not be discussed. This review is restricted to adult pregnancies.

because in young growing adolescents it is difficult to distinguish between

postpartum weight retention due to linear growth and due to fat accretion. The

focus will be on studies of term singleton pregnancies with no underlying

chronic illnesses. or substance abuse except for cigarette smoking.

2.1 Maternai ener2Y intake and Cetal 2rowth

The relationship of dietary energy intake during pregnancy to gestationaI

weight gain and fetal growth has been the subject of considerable controversy

over the last several decades. This section reviews the relative importance of

dietary energy intake to gestational weight gain and fetal growth.

Evidence from secular trends suggests that increased dietary energy intake

contributes to a higher maternai weight gain and infant birth weight (Abram. 19941.

ln the 1960's, .:linicians used to advise for dietary or weight gain restriction to

prevent pregnancy complications and related maternai mortality. With an

increasing concern for preventing low birth weight, clinicians began to

encourage Iiberal food intake during the 1970's and 1980's. Such a shift in

clinical advice was paralleled by noticeable increases in maternai weight gain

and infant birth weight IArbueklc & Sherman 1989. Amini ., al 19941.

Evidence from prenatal intervention or supplementation trials, however,

shows that increasing energy intake during pregnancy does not increase infant

birth weight among ail groups of women. A large number of studies in either
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developed or developing countries showed no clear effect of increased energy

intake during pregnancy on increasing birth weight in comparison to control

groups with low-energy supplements (Adams el a/1978, RlI!h el a/1980, Kardjali t1 a/1988,

Rush el a/19881. Kafatos et al (1989) found that pregnant Greek women receiving

nutritional advice had significantly higher energy intake by - ISO kcal/d (630

kJ/d) in comparison to controls. but the increases in total maternai weight gain.

and in infant birth weight were not significant.

ln developing countries. supplementation was beneficial mostly when

mothers came from poor families and chronically lacked sufficient nutritional

reserves. Examples of successful supplementation trials in developing countries

are l.hose done in urban Columbia [Herrera .t a/19801. rural Guatemala [Delgado el a/

19821. Indian women from a New Delhi sium area [Bhaluagar.t a/19831. rural

Taiwan [MeOonald .t a/1981, Adair.t a/1983), black Zulu women in South Africa [Ross

1985), rural Bangkok [Tonlisirin .ta/19861, rural Gambia (during wet season only)

[Prentiee 19871. and urban Chile [Mardones.Santander el a/1988). In these trials.

customary intakes averaged approximately 1,500 kcal/d (13,376 kJ/d), net

supplements ranged from 118 to 511 kcalld (493 to 2,136 kJ/d), and mean

increments in birth weight in supplemented groups ranged between 50 and

321 g.

ln developed countries, infant birth weight increased with dietary

supplementation mostly among underweight women and those identified at risk

for delivering LBW infants. For example in the Montreal Diet Dispensary

program where food and advice are given, infant birth weight was higher than

that of matched controls from the US, only among underweight mothers [Rush .t a/

19811. In the randomized clinical trial in Birmingham by Viegas et al (1982b),

crude birth weight increased by 230 g with protein-energy dietary
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supplementation only among the suhgroup of 12 Asian mothers identificd to bc

nutritionally at risk by showing triceps increments $20 Ilm/week between 18 and

20 weeks of gestation. In the New York trial by Rush et al (1980) and the

Oklahoma trial by Metcoff et al (1985). birth weight of infants born to heavily

smoking mothers increased with supplementation. but infants born to

nonsmokers showed no improvement. Another successful randomizcd clinical

trial in Aberdeen by Campbell-Brown (1983a) showec\ that balanced prolein

energy supplementation among 90 primigravid women diagnosed for the risk of

delivering LBW infants marginally increased infant birth weight by 37 g.

A major prenatal program in the US. Ihe Special Supplemental Food

Program for Women. Infants and Children (WIC) offered a combinaIion of food

supplementation. nutrition education and health care services. An analysis of 54

evaluations of WIC by the US Government Accounting Office (1984) showed

only a modest birth weight increase of <50 g as compared to control groups

who did not receive program-related services within the same region. Only one

region (Massachusetts) reported more substantial increase in birth weight by

107 g among 418 WIC participants compared to 418 non-participants (Kennedy &

KOlelehuk 19841. In a subsequent evaluation of the W1C Program. Rush et al (1988)

conducted a longitudinal study of 2.708 WIC participants and found a

statistically significant increase in maternai weight gain but an insignificant

increase (of 7 g) in birth weight of their infants in comparison to 497 controls

receiving prenatal care outside the WIC program. This evaluation. however.

may have suffered from major differences between the socioeconomic

characteristics of WIC participants and the control groups. The control groups

were more often white. married with higher income and occupational status.

Higher birth weight is known to be associated with both white race (Tlrrel 1986•

DHHS 19901 and high socioeconomic status IBrooke tI al 19891. Although cigarette
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smoking is the strongest known determinant of low infant birth weight due to

both shortened gestational age and retarded fetal growth, differences in smoking

behaviour between the two groups have not been reported, whereas such

differences could strongly confound the evaluation.

The inconsistent findings of supplementation studies between populations

with widely different characteristics may be explained in part by the Jack of

adequate control in such studies. Kramer (1993) identified only 12 properly

controlled supplementation studies in the UK, US and five developing countries

for his meta-analysis. He estimated the sample-size weighted difference in birth

weight due to balanced protein and energy supplementation as +30 g with 95 %

confidence interval of + 1 to +58 g.

Not ail of the supplementation studies examined the effect of diet on

gestational weight gain, but of those which did, sorne indicated possible direct

effect of dietary intake on birth weight bypassing maternaI weight gain. For

example, Prentice et al (1987) found that balanced protein-energy

supplementation in Gambian women led to bigger infants by 225 g in

comparison to non-supplemented controls, but the observed increase in maternai

weight gain was not statistically significant. Similar effects were found in

Taiwanese women, but with smaller increase in birth weight [MeDonald el al 1981).

ln a randomized supplementation trial among Zulu women in South Africa, Ross

et al (1985) found that those women offered low bulk (milk and maize fiour)

supplements (n=31) consumed more food at home and gave birth to heavier

infants by 294 g than those offered isocaloric high bulk (beans and maize)

supplements (n=31), but maternai weight gain was not significantly different

between the two groups. The direct effect of supplementation on birth weight

bypassing maternai weight gain may be explained in part by the small amount of
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extra weight of the infant in a relation to a larger maternai weight gain that in

turn is highly variab!.:. Another expIanation is the beneficial effect of

supplementation on improving overall dietary quality (both micro- and macro

nutrients) which is apparently crucial in underfed populations for enhancing fetal

growth.

The importance of micro-nutrients was demonstrated by Mardones

Santander et al (1988) who showed that Chilean underweight pregnant women

given a supplement fonified with vitamins and minerais, gave birth to heavier

infants by 63 g, as compared to those given an unfortified supplement with

similar energy content (-500 kcal/d, or 2,090 kJld). The importance of a

proper balance of macro-nutrients was evident from the study by Rush et al

(1980) who found that high protein supplementation (34% of energy) in poor

black women from New York, did not enhance infant birth weight and even had

a slight but statistically non-significant negative effect (-41 g). Picone & Allen

(1984) also observed in a retrospective analysis that women who consumed ad

libitum diets with high protein content (17.5-25% of energy, n=30) had shorter

gestation and smaller neonatal head circumference than those consuming diets

with normal protein content (11.7%-17.4% of energy, n=30). ln the latter

study, a multiple regression analysis which controlled for energy intake showed

a negative relationship between protein-to-energy ratio and the two pregnancy

outcomes.

Observational studies of non-supplemented women were also not consistent

in showing an association betw~en increased food intake and higher maternai

weight gains. For example, the two studies by Langhoff-Roos et al (1987b) and

by Papoz et al (1982) reported that energy intake was not related to total maternai

weight gain during pregnancy. ln contrast, Haworth et al (1980) reported a
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correlation coefficient of 0.16 between these two variables. Picone et al (1982a)

found a relatively stronger correlation coefficient of 0.44 between dietary energy

intake and weight gain, but this occurred only in nonsmoking women. Siega-Riz

& Adair (19~3) found that Philippine women in the highest tertile of energy

intake gained 0.5 kg more than those consuming less energy.

Two major conclusions may be derived from the above evidence on the

relationship among dietary supplementation, maternaI weight gain, and fetal

growth. First, in developing countries, dietary supplementation increases birth

weight of only those infants born to chronically under-nourished women.

Second, in developed cCluntries, the benefit of supplementation is limited to

underweight women, and results in only a marginal increase in infant birth

weight. Third, the increase in birth weight with dietary supplementation can

occur with or without a change in weight gain. There may aIso be a greater

effect of supplementation on gestational weight gained by smokers than

nonsmokers.

ln addition to the concern about the needs of under-nourished women to

receive dietary supplementation during pregnancy, the health profession is also

concerned about establishing standard dietary requirements for pregnancy in

healthy well-nourished populations. Two approaches for establishing such

requirements have been considered: (a) estimating the additional energy and

protein requirements of pregnancy using the factorial method, and (b) observing

ad libitum dietary intake during pregnancy of normal heaIthy mothers giving

birth to normal weight infants.

The factorial method estimates energy requirement as a total of 80,000

85,000 kcal (334-355 MJ) or an average of -300 kcalld (1,250 kJ/d)
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throughout pregnancy (FAO 1973. Hyuen & Chamberlain 1980.1991). These estimates are

obtained by calculating the average cumulative cost of fetal and maternaI tissue

accretion, plus the additional basal metabolic cost of supporting such tissue

accretion. The calculations are based on the assumption that the metabolic cost

per kg of body weight during pregnancy is similar to that prior to pregnancy,

and did not take into account maternai pregravid weight status which may affect

the metabolic rate.

Observed increases in dietary energy intake during pregnancy among weil

nourished women were consistently smaller than the above estimates of energy

requirements. Longitudinal studies of normal populations in developed countries

with healthy pregnancy outcome, showed a very wide variation in dietary

changes during pregnancy. The observed pattern of dietary changes during

pregnancy show an increase during the first half, followed by a decline during

the second half of gestation [Papiernik., al 1981, Papoz .1 a/1981 & 1982). Only slight

average increases of 50-100 keal/d (210-420 kJ/d) in energy intake throughout

pregnancy were reported (Durnin .1 a/1985 & 1991, Fidal17.a & Fidan1.a 1986, Sehofield rI al

1987. van Raaij'I a/1986 & 1987, Truswell & Allen 1988). In these studies, intake prior to

pregnancy was estimated from dietary history recalled by the mother, while

intake during pregnancy was estimated from 24-hour dietary recall or records.

More recently, Murphy & Abrams (1993) reported a higher average increase in

energy intake of 260 kcal/d (1,090 kJ/d) in 528 US women, but their average

pre-pregnancy intake of - 1,770 kcal/d (7,400 kJ/d) was lower than the RDA

standard INRC 19891. The authors measured energy intake from 24-hour dietary

recall every two months before and during pregnancy. Ali of the above cited

dietary studies reported very high variability in the change in energy intake from

the non-pregnant state to pregnancy.
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It is difficult to evaluate the role of diet in supporting fetal growth without

considering possible changes in energy expenditure which will also contribute to

the energy balance. The observed high variability in energy intake during

pregnancy may imply a similarly high variability in energy expenditure. The

issue of energy intake versus energy expenditure is reviewed in the following

section.

2.2 Energy balance during pregnancy

Energy balance during pregnancy determines the amou nt of energy

available for fetal growth. The findings that measured energy intake [Durnin el al

1985) are substantially lower than estimated requirements for pregnancy IHyuen &

Chamberlain 1991) point to the possibility of sorne energy conservation mechanisms,

such as possible decreases in basal metabolic rate (BMR), physical activity or

thermogenesis. Because both BMR and energy cost of physical activity are

expected to increase with the weight gain of pregnancy, energy conservation can

result only from a possible reduction in physical activity, thermogenesis and/or

BMR per kg of body weight as may be induced by hormonal changes during

pregnancy.

Changes in total energy expenditure (BMR, thermogenesis and activity)

during pregnancy appear to vary widely among individuals within the same

population. Goldberg et al (1993) measured total energy expenditure using the

doubly labelled water method among 12 UK women before pregnancy and at

6-week intervals from 6 to 36 weeks of gestation. They found that the total

energy expenditure in pregnancy relative to pre-pregnancy baseline ranged from

negative -14,600 kcal (-61 Ml) to +207,900 kcal (+869 Ml) with an average



•

•

. '

27

of 58, 100±66,700 kcal (243±279 Ml). ln other words, the actual energy

expenditure in pregnancy can either exceed the theoretical estimates or even be

negative among different individuals. The question is which component of

energy expenditure contributes to such wide variability.

A change in the energy cost of physical activity during pregnancy is not

weil established. Although a decrease in physical activity as pregnancy advances

is observed [MeNeil & Payne 1985. Duroin el <1/1986. Seltofield el <1/1987. van Raaij el <1/1986.

Tauzon el <1/1987. Forsum el <1/19921, the overall cost of activity is not necessarily

reduced when maternaI body weight increases (Blackburn & Galloway 1976. Dnroin 1987

& 1991). A change in thermogenic effect of food during pregnancy has not been

consistently observed among well-nourished women. A longitudinal study by

IIlingworth et al (l987b) reported a significant reduction by 28 % in the metabolic

response to food during the second trimester compared to postpartum values

among 7 UK women, but a non-significant reduction by 15% in the third

trimester. ln contrast, studies by Nagy & King (1984) and by Bronstein et al

(1995) found no cross-sectional difference in the thermogenic response to food

between US pregnant women and non-pregnant controls. Two recent

longitudinal studies reported no substantial reduction in the thermic effect of

food during pregnancy in well-nourished women l'rom Holland (n=27) (Spaaij el <1/

1994) and l'rom India (n= 18) [Piers elo/19951. De Groot et al (1994) used a

respiration chamber to determine complete energy balance in 12 healthy Dutch

women before conception and in weeks 12, 23 and 34 of pregnancy. They

calculated body composition and estimated metabolizable energy of food intake

by analysis of energy in ail food items, feces and urine. The authors reported

that neither digestion nor metabolism of dietary intake changed significantly

during pregnancy l'rom before pregnancy.
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The major change in energy expenditure during pregnancy has been

attributed to changes in BMR. Poppitt et al (1994) performed a meta-analysis of

data on BMR and on fat deposition in 360 pregnancies from 10 longitudinal

studies in 6 countries; the Netherlands Ivan Raaij tI al 1987, Spaaij 19931, Sweden

IPo,"um .1 al 19881, Scotland IDurnin 19871, England IGoldberg.1 al 19931, the Philippines

ITauzon .1 al 19871, Thailand IThongpra,en .1 al 19861 and the Gambia [Lawrence .1 al 1987,

Poppiu., al 19931. In these studies, BMR was assessed throughout pregnancy by

measuring Oz consumption and COz production using either the Douglas bag

method or ventilated hood system, except for the English study which used

whole body indirect calorimetry. In Dutch, Swedish, English and Scottish

pregnant women, BMR started to increase from conception. In contrast,

Philippine and Thai women began to increase their BMR only after 12 weeks

into pregnancy. Chronically under-nourished Gambian women, on the other

hand, decreased their BMR immediately after conception followed by graduai

rise to reach pre-pregnancy baseline leveIs by 30 weeks of gestation. In this

meta-analysis the authors calculated the total basal metabolic cost of pregnancy

as the net cumulative change in BMR throughout pregnancy (&BMR) relative to

a pre-pregnancy baseline. In the under-nourished Gambian women who did not

receive dietary supplementation, &BMR was negative - 10,800 kcal (-45 MJ),

implying a degree of energy conservation with under-nutrition. In the same

population, however, those women who were supplemented had a positive

&BMR of + l ,000 kcal (4 MJ). ln contrast, the highest &BMR of +50,200 kcal

(210 MJ) was observed among the well-nourished Swedish women. In another

study, King et al (1994) reported that &BMR among a group of 15 US women

was highly variable ranging from 3,100 to 78,500 kcal (13 to 328 MJ), and

averaged 29,700± 19,900 kcal (l24±83 MJ ) giving a 67% coefficient of

variation.
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ln the above cited reports of Poppitt et al (1994) and King et al (1994).

metabolic pregnancy cost (LlBMR) was positively correlated with maternaI

pregravid percent fatness. Despite the use of different techniques in assessing

maternai body fat content (such as skin-fold thickness. densitometry. total body

potassium or deuterium dilution) in the two reports. this correlation was

consistent. Such correlation implies that BMR changes during pregnancy

respond to maternai fat ieserves which reflect maternaI energy status at

conception. Another possible explanation of the high variability in LlBMR is the

fact that well-fed mothers have relatively higher weight gain and larger infants.

bath of which increase LlBMR. It seems that when maternaI reserves are

Iimited. energy conservation early in pregnancy would dominate. to allow

building up reserves for possible later mobilization. as demands for both BMR

and fetal growth are at a peak. However. when maternai reserves are adequate

at conception and a woman is weil nourished during pregnancy. she will not

need to increase her fat reserves early in pregnancy to the same extent as an

under-nourished woman and no energy conservation may take place.

Maternai weight status at conception plays an important role in energy

balance by its influence not only on energy expenditure, but also on dietary

energy intake. Papiernik et al (1981) studied 202 French women and observed

that energy intake at gestational week 30 (as determined by one-day records) was

higher than that at conception (determined by dietary history) among

underweight and normal weight women having AGA infants, but there was no

change for overweight women. Papoz et al (1981) assessed dietary behaviour in

537 French women, using 24-hour dietary recall at conception, three, six, and

nine months into pregnancy. They observed increased intakes from conception

until 6 months among underweight and normal-weight women, with higher

dietary increase among the underweight who gained 12.2 kg. In contrast,
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overweight women continued to decrease their intake from conception until

term, but they still gained 11.2 kg. The considerable weight gain by overweight

women cannot be reconciled with the reported decrease in energy intake and the

expected higher BMR expenditure. The data used in the above two studies were

from the 1970's when advice for food restriction during pregnancy was not

uncommon, especially for overweight women who may choose to restrict (or

perhaps under-report) their intake after experiencing a rapid weight gain in

pregnancy.

ln general, oblaining accurate measurement of ad libitum dietary intake has

its inherent methodological problems, especially when assessing energy intake in

mothers of different maternai weight status. Goldberg et al (1993) showed that

overweight pregnant women had a greater tendency than normal-weight women

to under-report their food intake relative to their measured energy expenditure

(used as a proxy for actual intake). They determined total energy expenditure

by adding energy expenditure measured under controlled conditions (e.g. by

indirect calorimetry), to theoretically estimated energy cost of tissue accretion.

Olher studies suggesled thal the degree of under-estimation were more

pronounced with higher actual intake or after more than one assessment repeated

for the same subject (Schocller 1990. Forsum el al 1992), thus leading to an under

estimation of the increases in dietary intake during pregnancy. Another source

of error in measuring dietary intake, is the increased variability during

pregnancy due to concerns about weight gain and feelings of nausea and other

non-specific changes in patterns of intakc (Murphy & Abrams 1993\. Large

differences in reported intakes may also result from the different methods to

measure intake, including dietary record, recall or history (Garn el al 1976. Bcalon el

al 1983. Sampson 1985). Furthermore, measuring dietary intake precisely is
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problematic and tedious over the nine months of pregnancy during which actual

intake changes rapidly (Dur.i. 1987.19911.

The inherent complexity in dietary measurement techniqlles and other

problems in dietary assessment during pregnancy, together with the very wide

variation in energy expenditure (BMR and physical activity), make it difficult to

accurately determine energy balance during pregnancy. The true variable of

interest is how much energy is available for fetal growth, which is a very small

proportion of maternai dietary intake (Duroi. 19851. Because of these concerns,

gestational weight gain may provide a more reliable indicator of the energy

available for fetaIgrowth, than energy intake during pregnancy.

2.3 MaternaI weight gain and infant birth weight

MaternaI weight gain reflects not only energy balance during pregnancy,

but also other factors, such as expanded maternaI plasma volume, which

influence fetal growth. Thus weight gain has a closer relationship than energy

intake with birth weight, and it is simpler to set weight gain guidelines

according to weight status where the effect of energy balance is already reflected

in weight gain, provided no excess fluid retention (edema) occurs. Weight gain

is also easier to monitor than dietary intake for clinical evaluation of pregnancy

performance. This section reviews the reported effects of gestational weight

gain on infant birth weight from its three aspects of total amount, timing and

composition throughout gestation.
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2.3.1 Total amount of weight gain

The simplest way of describing weight gain and studying its impact on

birth weight is by its total amount from conception to term. The relationship

between the amount of maternaI weight gain and infant birth weight is weil

indicated by secular trends of increasing average gestational weight gain from

-10 kg in the 1960's to -15 kg in the 1980's, accompanied by -120 g

increase in birth weight from 3,300 to 3,420 g (Abrams 1994. 10M 19901. This

refJects approximately 24 g increase in birth weight for every 1 kg increase in

weight gain. Consistent with these secu1ar trends, longitudinal studies reported

that higher gestationa! weight gains were associated with higher birth weights

IGormican et al 1980. Lukc et al 1981. Johnson <1 al 1992, Lawrence tl al 1991. Johnston tl al 1991,

Cogswcll tl al 19951 and lower risk of low birth weight (Parkcr & Abrams 1992, Hickey tl al

1993). Vobecky et al (1983) found that infants of Canadian women with total

gestational weight gain> 9 kg had a higher mean birth weight by 185 g than

those with weight gain <9 kg. However, in this comparison no distinction was

made between different pregravid weight or smoking status categories. In well

controlled studies of US pregnant women, the average magnitude of the

independent effect of weight gain on birth weight ranged from 19 to 21 g/kg

(Niswander & Jackson 1974, Abrams & larDs 1986. Kramer 19871. A larger effect of 3 I.3

g/kg was observed by Villar et al (1992) in thin Guatemalan women. These

different effects may indicate an interaction between pregravid weight status and

gestational weight gain, as will be discussed further in Section 2.4.

The slrength of the reported associations is due in part to thefact that the

total amount of weight gain includes birth weight. Kleinman et al (1990) used

data from the 1980 US National Natality Survey to study the effect of net weight

gain (total weight gain minus birth weight). They found a statistically
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significant association, but at a reduced magnitude of 13 g increment in birth

weight per kg of net weight gain as compared to 20 g per kg of total weight

gain. The net weight gain includes maternai tissue accretion during pregnancy,

which contributes to the large variability in total weight gain observed among

wel1-nourished women giving birth to AGA infants (3-4 kg at term) (Hyuen &

Chamberlain 19911. Coefficients of variation around 33-35 % for weight gain are

typical among mothers of AGA infants in Western countries IAbram. & LarD. 1986,

Hyllen & Chamberlain 1991(. Part of this variability can be explained by differences

in maternai weight status at conception (Si.ga-Riz cl al 1994, Copper cl al 1995J.

The most recent recommendations by the US Institute of Medicine (lOM

1990] for the total amount of weight gain take into account such large variability

and specify a relatively wide range of weight gain for each maternai pregravid

weight for height category, as given in the table below.

Pregravid weight StatUS category

Underweight (BMI < 19.8)

Normal weight (BMI=19,8 to 26)

Overweight (BMI > 26 to 29)

Obese (BMI>29)

Total weight gain

12.5 to 18.0 kg

11.5 to 16.0 kg

7.0 to 11.5 kg

at least 6.0 kg

Mid-point

15.3 kg

13.8 kg

9.3 kg

•

ln this table, however, no upper weight gain Iimit for obese women is

specified. In the absence of definitive data regarding optimal weighl gains,

these recommendations were based on results of observational studies on weight

gain distribution among mothers from different weight status categories of

adequate birth weight infants (3-4 kg) with gestational age of 39-41 weeks

(Ounsled & SeoU1981, Taffel1986, Abram. & LarDs 1986. Brown CI a/1981 & 1986. Schull cl a/19H8,

MilChcll & Lerncr 1989b. Kleioman 1990).
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Subsequent to these recommendations, US surveys show that the weight

gain of more than half of aIl pregnant women do not fall within the IDM

recommended ranges, relative to their pregravid weight status. For example,

32% of low income women in Birmingham, Alabama gained Jess than the

recommended amount for their weight status and 30 % gained more (Hickcy et al

1993(. In contrast, 23 % of middle class women in San Francisco gained less than

the recommended amounts and 34 % gained more [Parker & Abram> 1992). A larger

proportion of overweight women (> 50%) are reported to gain more than the

IDM recommendations [Siega·Riztl al 1994). These findings suggest that in order

notto exceed the IDM recommendations, >30% of aIl pregnant women would

have to reduce their weight gain. In this respect, il would be important to know

at which stage of gestation, women of a given weight status should apply such a

restriction to optimize maternai and neonatal outcomes of pregnancy. It is

known that the division of gestational weight gain between maternai and fetal

tissues, occurs at a varying degree throughout pregnancy (HYllcn & Chamberlain 1991).

The question is whether such a division could be optimized by paying a closer

attention to the timing and composition of weight gain. These two aspects of

weight gain may impact upon maternai and fetal access to required amounts of

nutrients at the right time. This subject is reviewed further in the following

section.
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2.3.2 Timing and composition of weight gain

Trends in maternai weight gain from conception until delivery are not

Iinear (Dawes & Grudzinskas t991bl. The rate of weight gain is lower before 16

weeks and after 36 weeks and peaks between 28 and 32 weeks of gestation IDawes

& Grudzinskas 19913). The earliest study to recognize the importance of the timing

of weight gain to fetal growth. is that of Dutch Famine during the Winter of

1944-45. There. low weight gain due to dietary deprivation in the second and

third trimesters had the greatest impact on reducing birth weight. length and

head circumference (Stein tI a/t97SI. In a later observational study. Picone et al

(l982b) found that birth weight was significantly associated with weight gain

during the second and third trimesters but not the first. Lawton el al (1988)

observed that among 158 healthy British women. those with SGA infants had a

lower rate of weight gain (0.25 kg/wk compared to 0.49 kg/wk) between the

28'h and the 32nd weeks. than those with AGA infants (I0'h_901h percentile).

This difference was statistically significant despite no differences in pregravid

weight or total weight gain. Recently. Abrams & Selvin (1995) found a higher

contribution of weight gain to infant birth weight during the second trimester

(33 g/kg) than the first or third trimesters (18 or 17 g/kg).

Further to its 1990 recommendations for the total amount of weight gain

1I0M 19901. the IOM recommended provisional patterns of weight gain specific to

maternai pregravid weight status as given in the following table.



Trimesters 2 & 3 Total weight gain• Weiiht Slatus

Underweight

Normal weight

Overweight

Trimester 1

0.17 kg/wk

0.12 kg/wk

0.07 kg/wk

0.49 kg/wk

0.44 kg/wk

0.30 kg/wk

15.3 kg

13.4 kg

8.9 kg

36
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These patterns lead to approximately the middle points of the

recommendations for total weight gain. These provisional recommendations

were based on old data from the UK, in the absence of data representative of the

US population. [n this respect, the [OM made an assumption that a

representative US sample would have rates similar to those represented by most

other population groups. In particular, the [OM report cites two UK studies.

One study used 1950-55 data from the Aberdeen Maternity Hospital for a

relatively small sample of 486 healthy women aged 20-29 and at least 160 cm

tall who had no dietary restriction and delivered term infants (39-41 wk) [Hyllcn &

Lcilch 19711. The Aberdeen data showed that the lowest incidence of

preeclampsia, low birth weight and perinatal death was associated with gaining

an average of 0.45 kg/wk during the second half of gestation. The other study

by Thomson & Billewicz (1957) used 1949-54 data from a larger sample of 2,868

Scottish primigravid women, and reported favourable average weight gain rates

as 0.42,0.47, and 0.40 kg/wk during gestational weeks 13-20,20-30 and 30-36

respectively.

Data on desirable patterns of weight gain in North American pregnant

women are limited. Brown et al (1986) reported the rate of weight gain among

459 low income women who delivered infants weighing 3-4.5 kg, as 0.22, 0.52

and 0.40 kg/wk during the first, second and tltird trimesters respectively. Petitti

et al (1991) reported the rates of weight gain among 162 white and black women

from California with infant birth weight >3 kg, as 0.30 kg/wk and 0.48 kg/wk
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during the first and second ha! ves of pregnancy respectively. Abrams et al

(\995) used a larger data set (n= 10,418) from California and reported a weight

gain pattern of 0.17, 0.56 and 0.52 kg/week during the three consecutive

trimesters. These three studies made no distinction among women from

different weight status groups, and the reported rates are somewhat higher than

the IOM provisional recommendations given above. More research is needcd

before recommendations for the pattern of weight gain can be rlefined for US

and Canadian pregnant women of different weight status categories.

Besides the pattern of maternaI weight gain, its composition at different

stages of pregnancy is important for supporting the changing maternaI and fetal

needs. Although the amount of weight gain is clinically useful in identifying

sorne cases of abnormal progress during pregnancy, it provides only Iimited

information on changes in body composition of an individual woman even when

the amount of weight gain is close to the average. Weight gain consists of f1uid,

fat and fat-free mass (mainly protein and mineraIs), which are deposited in

different rates at c1ifferent gestational stages. Most of the maternai fat accretion

is known to occur in the first two trimesters of pregnancy, whereas most of the

fat-free mass accretion occurs during the second half of gestation (Hurley 19801.

Through measurements of body weight, total body potassium (4oK) or body

water, and skinfold thickness, Pipe et al (\979) showed that maternai body fat

accretion reached a plateau towards the end of the second trimester, whereas

growth in lean body mass accelerated during the third trimester. Hytten &

Chamberlain (1980. t9"\) estimated that normal healthy pregnant women who

gain an average of 12.5 kg without edema, acquire about 3.5 kg of fat, 90% of

which is deposited as maternai stores. Clapp et al (1988) estimated fat proportion

of weight gain during pregnancy, using skinfold measurements, and found th~t
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by the fifteenth week of gestation, fat accretion accounted for most of the

observed weight gain.

Fetal growth may be influenced differently by different maternaI tissue

changes, i. e. accretion of lean tissue, fat or body water. Among well-nourished

women, fat accretion during pregnancy seems not to influence birth weighl.

Langhoff-Roos et al (1987a) estimated maternai fat stores and fat accretion during

pregnancy from body weight and skinfold thickness, and found that infant birth

weight was not correlated with maternai fat accretion among 56 Swedish

mothers. Lawrence et al (1991) estimated the total maternai fat gain during

pregnancy as the difference between maternai weight at 10 weeks gestation and

that at 2-3 weeks postpartum. They found no correlation with infant birth

weight among 115 Scottish mothers.

ln contra~t, under-nourished mothers seem to use early fat gain in building

up maternai stores to support fetal growth later in pregnancy. Villar et al (1992)

found that among 105 Guatemalan women with smaller weight gain during

pregnancy than in developed countries, the fat component of their weight gain

(based on skinfold thickness and bioimpedance) before the 30th week of gestation

was significantly correlated with infant birth weight, after controlhng for

pregravid weighl. Mothers with low fat gains « 25th percentile) before the 30th

gestational week gave birth to lighter infants by 204 g than those with higher fat

gains. ln the same study, the rate of fat-free mass accretion (estimated from

weight and Ï>ioimpedance) after 20 weeks of gestation was positively associated

with infant birth weight. The authors suggested that the contribution of weight

gain to birth weight was explained mainly by the fat components of weight gain

in the first half and fat-free component in the second half of pregnancy. Along

a similar line, Thompson & Halliday (1992) reported progressive increases in the
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rate of protein turnover throughout pregnancy among 6 healthy UK women in

comparison with 17 healthy non-pregnant controls.

ln the case that under-nourished women had little chance to gain fat early

in pregnancy, a later fat gain may still contribute to fetal growth. Viegas el al

(1987) observed this effect among 81 Asian mothers of low socioer,onomic status

in Birmingham, England. They studied women who faiied to accumulate

adequate fat early in pregnancy (as measured by triceps skinfold thickness), and

found that dietary supplementation for these women increased fat gain during the

second trimester, which was associated with an increased infant birth weight.

The above review suggests that the contribution of weight gain during

pregnancy 10 fetal growth depends nol only on the total amount but more

importantly on what component (i.e. fat versus fat-free mass) is gained al which

stage of gestation. Available evidence indicates that earlier in pregnancy, a

greater proportion of what is laid down is fat than later in pregnancy (Hyuen &

Chamberlain 1980. 1991). There is possibly a critical range for maternaI fat gain

early in pregnancy which depends on maternai weight status at conception.

Below such critical range, fetal growth is reduced whereas above this range

fluctuation in energy balance may have little effect on feta~ growth. In othcr

words, an earlier requirement for fat deposition and ils use later in pregnancy is

more important among under-nC'urished than well-nourished women, whereas the

need for later fat free mass accretion is important for both groups of women. In

this respect, the contribution of gestational weight gain to fetal growlh cannol bc

studied in isolation of maternaI weight status at conception.
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2.4 Maternai size at conception and infant birth weight

The evidence reviewed in the preceding section suggests that the

requirements for weight gain and energy balance during pregnancy largely

depend on the level of maternai reserves which can be represented by pregravid

weight-for-height status. The lower the weight status at conception, the higher

is the tendency to gain more weight during pregnancy [Milchell & Lerner 1986b.

Abram, & Lara, 1986. Al:'n et a/1994. Siega-Riz el a/1994]. For this reason, the individual

effects of the two variables on pregnancy outcome cannot be examined in

isolation. Not only the two factors are interrelated in many aspects, but aiso the

effect of weight gain may be modified by maternai size [Taffel 1986. Abram, & Lara,

1986. Prentzen el a/1988, Allen el a/1994) •

The size of the mother at conception has two dimensions; weight and

height. They both reflect her gcnetic make-up as weil as her nutritional status

before pregnancy, since not ail women reach their genetic potential for height if

they are not weil nourished. In Aberdeen women, the tallest and heaviest

mothers (180 cm and 80 kg) had bigger babies by - 1 kg than those of shortest

and lightest mothers (145 cm and 35 kg) [Thom,on ela/19681. This early study,

however. did not control for gestational weight gain to isolate the birth weight

difference due to solely maternai size neither did it separate between the effects

of pregravid weight and height.

More recent studies on the influf;nce of maternai size on pregnancy

outcome have treated weight and height as independent predictors and reported

positive partial association of each with birth weight independent of weight gain

[Oough.n)' & Joncs 1982. Langhoff-Roos el a/1987a, Wen el a/1990al. A meta-analysis of 8

controlled studies by Kramer (1987) estimated sample-size weighted effects of
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height and pregravid weight on birth weight as 7.5 g/cm and 9.5 g/kg

respectively, independent of gestational weight gain. Although these two aspects

of maternai size c1early have independent effects on fetal growth, they are

correlated as taller women are normally heavier (MLI 19831. It is, Iherefore.

difficult to accurately estimate the individual effects of height and weight unless

they are expressed in different terms to remove their correlation with each other,

such as the use of weight status for a given height instead of simple weight.

MaternaI pregravid weight for height status in terms of body mass index

(BMI) is found to be related to the risk of low birth weight (SGA birth) in

underweight women, and fetal macrosomia (LGA birth) in overweight women

(Wolfe el al 19911. In a longitudinal study of 3,191 healthy term pregnancies in

Florida, Johnson et al (1992) reported an odds ratio of 2.1 for low birth weight

«2.5 kg) among underweight women (BMI<20), and an oLds ratio of 1.5 for

fetal macrosomia (> 4 kg) among obese women (BMI > 29) as compared to

normal-weight women (BMI of 20-26). These odds ratios were not adjusted and

the effect of pregravid ~',eight status on birth weight independent of weight gain,

coulci actually be higher as heavier women are reported to gain lower weight

during pregnancy (Siega·Riz & Adair 199:>, Siega·Riz el al 1994. Copper el al 19951. Anothcr

study by Larsen et al (1990) reported odds ratio for fetal macrosomia of 1.3, 1.6

and 2.2 among women of different degrees of overweight whose percentilcs for

BMI were 751h_84'h, 85"1_94'h and ~95'h respectively in comparison with normal

weight women (25"1_75'h percentile).

ln addition to its independent effer:t on birth weight, maternaI weight status

is known to modify the effect of gestational weight gain on birth weight

indicating an interaction between the two determinants. Analysis of the data

from the 1980 National Natality Survey in the US (Tarrel 19861 has demonstrated
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that the effect of a given weight gain is greatest in underweight women « 90%

of standard weight for height), and least in overweight and obese women

(> 120% of standard weight). Similar interaction between pregravid weight

status and gestational weight gain in influencing birth weight was observed by

Mitcheli & Lerner (l989b) in middle class US women, and by Brown et al (1986)

in low-income US women. Two other US studies by Abrams & Laros (1986) and

by Frentzen et al (1988) found a significant interaction after controlling for other

determinants of infant birth weight within a linear regression mode!. The

regression slope of birth weight versus gestational weight gain decreased in

strata of inne?.ing maternai pregravid weight status, and the slope was not

significant for obese mothers (> 135% of standa~d weight). Abrams & Laros

(1986) reported a regression coefficient for birth weight of 17.8 g/kg of weight

gain among moderately overweight women (120-135 % of standard weight), as

compared to 28.3 g/kg among normal-weight women. Both studies found that

infant birth weight increased with maternai weight gain among moderately

overweight women, but this relationship was not significant among obese

women.

Subsequent to the 1986 publication by Abrams & Laros, another study by

Parker & Abrams (1992) used a larger sample from the same population base and

reported that low weight gain among obese women significantly increased the

incidence of SGA infants « 10'11 percentile). Obese women gaining less than

the IOM recommendation (::;6.0 kg) had 3.8 times higher risk of SGA than those

with higher weight gains. Unfortunately, the authors did not indicate whether

obese women with negative weight gain were excluded from the 10wer weight

gain group, neither did they report the average weight gain of this group.

Although the 1986 and 1992 studies used the same population base, they did not

give consistent resuhs with respect to the degree of interaction. Whereas weight
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gain in the earlier study seems to lose its effect on mean birth weight among

obese mothers in a linear regression model, weight gain still has an effect on the

risk of SGA infants in the later study. In contrast, a recent study of 53,541

singleton pregnancies in 8 states by Cogswell et al (t995) found that weight gains

beyond 14 kg among overweight women did not reduce SGA risk but increased

the risk of LGA.

Using logistic regression, Kleinman (1990) analyzed data from the 1980 US

National Natality Survey and found that increasing gestational weight gain above

13 kg decreased the risk of SGA in mothers of BMI :;;26, but increased the risk

of SGA in mothers of BMI >26. Furthermore, Haiek & Lederman (1988) found

that among overweight women, birth weight increased with weight gain below

7 kg, but birth weight decreased after weight gain exceeded 7 kg. These

findings may suggest a threshold effect of weight gain on SGA for overweight

women, above which the birth weight distribution may widen, such that both

SGA and LGA rates increase while the mean value is unchanged. It is therefore

important to study neonatal cutcome not only in terms of mean values of infant

birth weight, but a1so in terms of its variability which may be retlected in the

rates of SGA and LGA infants. Furthermore, the inconsistent findings on the

relationship between maternaI weight gain and birth outcome among obese

women make it difficult to set weight gain recommendations for this group of

w;>men.

The above review suggests that the impact of maternai weight status and

gestational weight gain on pregnancy outcome cannot be studied independently

without considering their interaction with each other, and neither can their

effects be assumed to be Iinear. One major factor that could confound the

interaction between weight status and weight gain is maternai smoking which has
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not been controlled adequately in relation to pregravid weight and gestational

weight gain.

2.5 Maternai smQkin~ and infant birth weight

Cigarette smoking is a major modifiable risk factor for both low birth

weight and premature delivery. Average reported birth weig', differences

between smoking and nonsmoking mothers are in the 70-356 grange [Johnston

1981, PapoZ'1 011982, Kramer 1987. Museali tI 011988. Brooke'l 011989. Seeher.1 011990. Prank

tI 011994, Cliver'l 0/1995, Shu tI 0/1995). However, the reported effect of smoking on

birth weight is Iikely to be somewhat over-estimated as smoking is positively

associated with other risk factors such as alcohol consumption [Istvan & Matarazzo

1984, HWC 1989). lower pregravid weight [Pehily .1 011984. A1bancs .1 011987. Kles8es .1 al

1989J, lower socioeconomic status [Rush & Cassano 1983. Pehily'l 011984. DHHS 1989b.

Slewan .1 al 1995], higher psychological stress [Pieone .101 1982a. Perkins .1 al 1987, Brooke

tI 0119891. and poorer health status [Stewan & Dunkley 1985). Thus the reported birth

·weight reduction due to smoking may vary widely depending on which

confounders are controlled in the analysis. More compelling evidence on the

causal Iink between maternai smoking and infant birth weight is available from

studies of smoking cessation during pregnancy. Complete smoking cessation

early in pregnancy is found to improve birth weight by 90-217 g and bring it to

values similar to those of nonsmokers [Sexton & Hebei 1984. Windsor el 011985. MaeAnhur

& Knox 1988. Olsen 1992. Mainous & Hueston 1994. Prank el al 1995J.

The effect of cigarette smoking also depends on the level of smoking

where a dose-dependent relationship between exposure to tobacco and birth

weight is weil established (Meyer el 011976, Abell el 0/1991. MeDonald 1992. Walsh 1994,
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Cliver el al 19951, with a possible threshold effect (Peaeoek el al 19911. Based on results

from 26 controlled studies, Kramer (1987) estimated the sample-size weighted

independent effect of smoking on reducing mean birth weight as 150 g or Il.1

g/cigarette/day, and the relative risk for low birlh weight ( <2.5 kg al term) for

smokers as 2.42.

Smoking is known to suppress fetal growth directly by depressing tissue

uptake and placental transfer of oxygen and nutrients to the fetus IPicone el a/ 1982".

Bakkeleig el al 1993. Saslry er al 1993, WUeox 19931, and/or through a reduction in

maternai blood glucose values in late pregnancy (Langhoff-Rnns el al 19931. Some

studies report lower maternaI weight before and during pregnancy among

smoking women IGarn el a/1979. Pienne et al 1982a. Rush el a/19901, implying an indirect

effect of smoking on reducing fetal growth. The latter effect may possibly resull

from either lower energy intake due to depressed appetite or increased energy

expenditure in the form of physical activity or basal metabolic rate (BMR).

Il has not been established, however, that smokers in general consume lower

energy during pregnancy than nonsmokers, since reported findings in lhis area

are not consistent; some report higher intake among pregnant smokers (Hnworth et

al 1980, Pieane el al 1982a, Papaz el al 1982, MeDnnald & Newsan 19861, while others report

lower intake (Hnsle el al 19901 in comparison to pregnant nonsmokers.

Furthermore, cross-sectional evidence suggests that non-pregnant smokers may

in fact consume more energy, allhough they stay leaner than nonsmokers (lneu"s &

Gnllennbarg 1981, Slarnford el a/1986. Cnde & Mnrgells 19891.

With respect to energy expenditure, physical activity patterns of smokers

have tended to show similar or lower activity levels than nonsmokers IBlair el al

1985, Marks el al 19911 and may therefore not explain the low~r weight among

smokers. Longitudinal measurements of basal me'abolic expenditure (by O2
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consumptioll and COz production) among non-pregnant women before and after

smoking cessation followed by resumption of smoking, showed Iittle or no

chronic change in BMR due to cessation of smoking (Moffal 1991. Perkins 1992.

Warwick et a/1995). However, short term studie5 in controlled environments

showed an acute effect of smoking on increasing metabolic expenditure by up to

::J% during 30-60 minutes after exposure to nicotine (Perkins el a/1989. Audrain el a/

1991. Collins el a/1994). lt remains to be determined whether the reduced weight

gain among smokers is mediated by differences in dietary intake and/or energy

expenditure.

ln order to compensate for the weight reducing effect of smoking, it has

been suggested that pregnant smokers might benefit from increased food intake

before and during pregnancy (Davies el a/ 1976. Garo el a/ 1979. Rush el a/ 1980. Papoz el a/

1982. Meleoff el a/1985). Nevertheless, sorne data show that infants of obese

smokers are still significantly smaller than infants of obese nonsmokers (Haworth el

a/19801, indicating that extra weight before pregnancy may not have a

compensatory effect. The question remains as to what extent increased food

intake during pregnancy can compensate for the negative effect of smoking on

fetal growth.

MaternaI smoking is not only associated with other determinants of infant

birth weight, but may also interact with them in influencing birth outcome.

For this reason, the effect of maternai smoking on birth weight cannot be studied

in isolation of those other interrelated predictors.

Smoking is found to interact with maternaI age and parity, both of which

increase its deleterious effect on fetal growth. Wen et al (199Db) studied 15,539

births in Alabama during 1983-84 using multiple Iinear regression stratified by
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age groupings with adjustment for race, parity, marital status, maternai

pregravid weight, gestational weight gain and alcohol use within each age group.

They found that smoking reduced the mean birth weight by 301 g in older

mothers (>35 y), and by 134 gin younger mothers « 17 y). Similarly, Fox et

al (1994) studied ail 347,650 singleton births in Washington State during 1984-88

to investigate the effect of smoking (yes/no) and maternai age on birth weight,

using multiple linear regression with adjustment for race, parity, and

socioeconomic factors. The authors found that the decrement in mean birth

weight associated with smoking, grew steadily l'rom 1; 7 g for the youngest

mothers « 16 y) to 376 g for the oldest (>40 y). Another population based

study of 538,829 Swedish women by Cnattingius et al (1993) also reported that

the smoking-related effect on SGA risk increased with advancing maternai age

and was greater amor.g multiparous than nulliparous women. These studies did

not indicate whether the number of cigarettes smoked or the intensity of smoke

inhalation changed with age, thus possibly explaining part of this interaction

betwecn age and smoking. 1t is unlikely that a stronger effect of smoking on the

infants of older mothers is due to a cumulative effect of smoking on maternai

physiology or health status, because smoking cessation at the beginning of

pregnancy is shown to restore infant birth weight to similar levels as

nonsmoking mothers ISeXlun & Hehel 1984. WindslIr el ,,/1985, MacArthur & Knllx 1988. Olsen

1992. Mainllus & Hueslon 1994. Frank el ,,/1995). It is conceivable, however, that some

of the other risk factors of low birth weight may be more strongly associated

with smoking in older women, th us explaining part of the reported larger impact

of smoking on reducing birth weight.

There is also some evidence on the interaction between smoking and

dietary supplementation in affecting birth weight. In the New York

supplementation trial among poor black women, Rush et al (1980) observed that
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the only significant favourable effect of dietary supplementation was the

prevention of depressed 1>irth weight in the offspring of 19 heavily smoking

mothers (~15 cigarette/day) as compared to 27 heavily smoking unsupplemented

controls. No effect of supplementation on birth weight was found among

nonsmokers. The authors did not adjust infant birth weight for other

determinants that could confound the results. In another supplementation trial in

Oklahoma under the WIC program, Metcoff et al (1985) reported a significant

increase in mean adjusted values of infant birth weight by 176 g due to

supplementation only among 68 heavily smoking mothers (~IO cigarette/day) as

compared to 53 unsupplemcnted heavily smoking mothers. Unlike the results

reported by Rush et al (1980), the study by Metcoff et al (1985) reported that

dietary supplementation of smoking mothers did not fully restore infant birth

weight to levels similar to those of nonsmokers.

ln both the New York and Oklahoma studies, heavily smoking mothers

may have been more severely t.nder-nourished with considerably lower infant

1>irth weight (;S;3 kg) than other groups, thus leaving more room for potential

improvement due to supplementation. Part of the birth weight ~nhancement

among the heavy smokers in these two studies might be further explained by a

possible reduction in smoking behaviour during pregnancy among the

supplemented groups. A large portion of smoking women are known to stop or

reduce their smoking behaviour during pregnancy (Stewart & Dunkley 19851, which

may increase the Iikelihood of confounding the relationship between

supplementation and birth weight. Both studies had a relatively small sample

size, 50 that despite initial randomization, the groups were later selected on the

basis of their smoking behaviour which may have become unbalanced in

confounding factors such as maternai race, age, socioeconomic status, etc.
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No studies have identified a possible interaction between smoking and

gestational weight gain in affecting fetal growth. Information on such

interaction would be useful for the definition of gestational weight gain

requirements since about one quarter of reproductive age women smoke in

Canada and the US during early 1990's (DHHS 1993. Heallh Canada 1993 & 1995. Slew"n

el alt995).

2.6 Determinants of maternai l2ostl2artum weight retention

The previous sections reviewed major determinants of birth outcome. This

section reviews the evidence related to the maternai side of pregnancy outcome.

Pregnancy outcome not only involves infant survival and well-being, but also

has serious implications for the mother. Following the significant improvemelll

in infant birth weight through increased gestational weight gain, over the last

two decades, there is now a growing concern about increased risks of excessive

maternaI postpartum weight retention lühlin & Riissner 1990. Keppel & Taiiel 1'.'93. Slllilh <1

al 19941. Aside from maternai pregnancy complications associated with excessive

weight gain, such as hypertension, gestational diabetes and cesarean section

INaeye 1979. Ruge & Anderson 1985. Johnson el "/1992), postpartum weight retention may

have long-term adverse consequences for the mother IRuge & Anderson 19851.

Gestational weight gain is reported to be the strongest determinant of

maternai fat gain (Forsulll el al 1988) and subsequent weight retention persisting at

10 to 18 months postpartum 10hlin & Riissner 1990. Keppel & TaiieI1993). This suggests

that large weight gains during pregnancy increase the risk for excess fat

deposition and for obesity after delivery. Another factor reported to be

associated with higher postpartum weight retention is smoking cessation during
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pregnancy by habituai smokers IOhlin & Rüssner 19901. Similarly, nonsmokers are

reported to retain more weight postpartum than smokers (MeCabe 19781. However,

these effects seem to be largely mediated by differences in weight gain during

pregnancy which is known to be lower among smokers.

Even when the mean weight gain in a population falls within the IDM

recommendations, >30%of ail pregnant women will have weight gain

exceeding the recommended ranges IParker & Abram, 1992. Hickey el al 19931. Parham

et al (1990) reported that of normal-weight women gaining an average of 12.6 kg

during pregnancy, 28% gained above the IDM recommended range (> 16 kg).

Siega-Riz et al (1994) found that less than half of Los Angeles women receiving

prenatal care, had weight gains compatible with the recommendations. At the

same time, more than half of the overweight portion of these women gained

excess weight above their IDM recommendation ISiega-Riz el a/1994J. These

findings suggest that a large proportion of the population may be exposed to the

risk of postpartum obesity, unless they find means of reducing their excess

weight after delivery.

When maternai weight gain falls within or excee~s an IDM recommended

range, a portion of th is weight is Iikely to stay with the mother postpartum. The

average weight loss from labour to two weeks postpartum is around 9 kg

ILawrcnce el al 1988. HYllcn & Chamberlain 19911, which is similar to the estimated

combined weight of products of conception and surplus fluid [Hyllcn & Chamberlain

1991). The remaining weight retained by the mother is predominantly fldipose

tissue. Sohlstrom & Forsum (1995) used magnetic resonance imaging to asse~s

adipose tissue volume in 15 healthy Swedish women and found an increase of

2.9 L in adipose tissue 12 months after delivery as compared with before

pregnancy. The more weight a normal-weight woman gains above 9 kg during
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prf"gnancy, the more she is likely to retain by the start of her next pregnancy

(Greene el a/1988). As an example, Parham et al (1990) reported that a weight gain

of 12.9 kg during pregnancy was ass'Jcialed with 4.2 kg extra weight one year

after conception versus 0.5 kg gained by non-pregnant controls over the same

period.

Part of the retained welght could be mobilized gradually after delivery by

negative energy balance, through such measures as lower energy intake than

required (Murphy & Ahram, 1993. Ohlin & Rü"ner 19941, lactation (lIIingworlh 1987n. Ohlin &

Rü"ner 1990), return to work outside the home (Sehaherger et a/1992), or becoming

more physically active (Ohlin & Rü"ner 1994). Nevertheless, each pregnancy is seen

to leave the mother with additional weight that is not completely lost between

successive pregnancies. Ohlin & Rôssner (1990) reported that Swedish women

gaining 12.5 kg during the first pregnancy were 2.5 kg heavier at the start of the

next pregnancy, after correcting for changes due to aging. Cross-sectional

studies demonstrate a greater central adiposity as"ociated with higher number of

pregnancies even after adjustment for body weight (Tonkelnnr el a/1990. Knye el a/

19901. ln a retrospective study of a cohort of 41,184 post-menopausal women.

Brown et al (1992) found that eaci: live birth incœased maternaI body weight by

0.55 kg from age 18 to 50 years. Parker & Abrams (1993) defined high parity

for age as the third or higher birth among womer. under 25 and the fourth or

higher birth among women over 25. They found that high parity under this

definition was a~'ociated significantly with weight retention of 10 kg or more,

measured between 10 and 24 months postpartum among black mothers, after

controlling for other maternai characteristics.

The problem of weight retention is found to be more pronounced after the

firsl pregnancy than subsequent pregnancies, as primiparous women arc seen to
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gain more weight during their pregnancy but give birth to smaller infants

ID.Vanzu el al 1994. Cn.llinigius el al 1993). ln a recent longitudinal study of 2,788 US

womcn, Smith el al (1994) reported that primiparas gained 2-3 kg more weight

and had greater increases in adiposity (waist-to-hip ratio) during 5-year follow

up period than both nulliparas and multiparas after adjusting for age, education,

smoking, physical activity, and pregravid weight status.

The amount of weight gain increments between pregnancies is found to

depend also on maternai smoking status. A national US collaborative study by

Garn & Shaw (1978) using longitudinal data reported average weight gain

increments of 1.5-2 kg from one pregnancy to the next, and > 3 kg from the

first to the third pregnancy among nonsmoking mothers, but lower weight

increments were gained by smoking mothers. This study controlled for the

expccted increase in weight over the same age period in women who did not

have children. Such findings, however, can be attributed directly to the lower

weight gained by smokers during pregnancy. Similarly, Ohlin & Rôssner (1990)

reported lower weight retention among mothers who resumed smoking behaviour

after delivery.

The wide disparity in reported amounts of weight retention per pregnancy

in various studies points to the wide variability in postpartum weight retention

across populations and among individuals within a population. Not only the

weight gained during pregnancy is highly variable, but also the amount lost

between pregnancies depends primarily on energy balance which is determined

by several Iife style factors. Due to such high variability in postpartum weight

retention within a given populatiun, focusing only on its mean value can obscure

the fact that sorne women retain far more weight than the mean, wJ,i1e others

lose weight. For example, a survey of ~ ,592 US women showed a median
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weight retention at 10-18 months postpartum of only 1.5 kg, but in the same

population 28 % of the women retained >4 kg (Keppel & Taffel 1993(. Ohlin &

Rôssner (1990) reported that 56% of the 1,423 surveyed Swedish women,

retained 0-5 kg one year postpartum from the pregravid level, while 14%

retained >5 kg. Ironieal\y, those who were heavier before pregnancy had a

higher risk of retaining extra weight postpartum. Obese women had the widest

distribution of postpartum weight retention with both low and high values being

more likely to oeeur than among lower-weight women. ln a retrospective sludy

of 128 Swedish obese women, Rôssner (1992) found that 73 % of lhese women

reported > 10 kg net weight retention one year postpartum relative to llleir

pregravid leveI. This is a very large increase in already overweight women and

poses a serious health threat.

The above evidenee indicates that a substantial portion of women appear to

be gaining considerably more weight than necessary during pregnancy, part of

which is retained until the fol\owing pregnancy. Overweight women are al

particularly hi:;h risk of developing postpartum obesity, r.ot only because Ilf

their higher !,re-pregnancy weight, but also because they are at a higher risk of

retaining extra weight postpartum than normal weight women. Hence, there is a

need to monitor weight gain to minimize the risk of postpartum obesily,

espeeial\y among normal and over-weighl women .
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3. RESEARCH QUESTIONS AND ANALYTIC FRAMEWORK

The preceding literature review pointed to several questions concerning the

interrelations among dietary energy intake, pregravid weight, gestational weight

gain and smoking in influencing pregnancy outcome relevant to the mother and

her infant. The review identified a need to investigate pregnancy outcome as a

balance between fetal growth and maternaI fat accretion. Fetal growth is

reflected by infant size at term (weight, length and head circumference),

whereas maternai fat accretion is reflected by postpartum weight retention. To

explore the two issues of the interrelations among determinants and the balance

between pregnancy outcomes, this research specifically addresses the following

questions.

1. Can the total amount of gestational weight gain for a given matemal weight

status be reduced by following an appropriate pattern (timing) of weight gain

to decrease the risk of postpartum obesity, while achieving optimum fetal

growth?

2. Can extra weight gain in smokers make up for the effect of cigarette smoking

on reducing infant size at birth or increasing the risk of SGA birth? Is the

relatilJnship ~'Ietween weight galn and infant size al birth the same in smoking

and nonsmoking women of different weight status groups?

3. Are the lower maternai weight gain and infant birth weight found in

smokers, mediated by lower dietary energy intake or higher total energy

expenditure?
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4. What is the relative importance of key modifiable determinants of SGA

(pregravid underweight, low weight gain and smoking) in terms of their

etiologic fractions within the curïent Canadian population context?

The analytic framework illlJstrated in Figure 3.1 will be used for

addressing these research questions. This framework focuses on the key

modifiable determinants; maternai dietary intake, pregravid weight, gestational

weight gain, and cigarette smoking. It treat.i other factors that have significant

independent effects on pregnancy outcome as confounders to be controlled in the

analysis. These includ~ physical activity, age or parity, socioeconomic status,

gestational length and infant gender. Additional confounders such as alcohol

intake, young or old maternaI age, drug abuse, ethnie origin, and adverse

medical condition are controlled by data restriction .

ln this framework, three types of interrelations among the determinants are

envisaged:

a) Interaction, where one r!ptçrminant modifies (Le. increases or decreases) the

magnitude of the effect of another determinant on pregnancy outcome;

b) Mediation, where one determinant affects pregnancy outcome indirectly

through another mediating determinant;

c) Confounding, where one determinant biases the apparent effect on

pregnancy outcome of another determinant by making it appear stronger or

weaker than it really is .
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4. RESEARCH FINDINGS

4.1 Study population

A comprehensive prenatal and pregnancy outcome data set was collected

by the Prenatal Nutrition Counselling Program of the PEI Department of I-lealth

& Social Services between 1979 and 1989. This dala set was provided

exclusively for this research work and tlad not been fully analyzed before. Il

offered a unique opportunity to address the research questions raised in the

previous chapter. The PEI program provides individual dietary counselling to

pregnant women with Iimited family income who were referred to the

counselling program either by a family physician or by the PEI Department of

Health & Social Services which administers maternity allowances to pregnant

women.

Since this study population was not randomly selected from the general

public, it may not represent the Canadian population at large. Nevertheless, it

covers a large rural and small-town population in Canada from similar

socioeconomic c1ass. The type of counselling provided to participants includes

more dietary advice than that typically available from routine visits 10 a family

physician. Despite this dietary advice, there is a broad range of intakcs and

weight gains. The diverse dietary, obstetric and health related data available on

the study population, togcther with an adequate sample size, allowed an cffeclive

control for adverse health conditions using rigorous restriction criteria, while

exploring various interrelations among determinants of maternai and neonatal

outcomes of pregnancy.
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The initial study population consisted of 1,974 white women giving birth

to live singleton infants. As this research focused on fetal growth in full term

pregnancies, it excluded premature births « 37 weeks gestation). Adolescents

< 16 years were excluded because of their continuing linear growth which could

adversely affect pregnancy outcome (Haiek & Ledennan 19881. Older women

~40 years were excluded because of increased obstetric risk INRC 1975. Lee el al

1988. Aldou. & Edmun.on 1993) and their small numbers. Women who consumed

alcohol (> 1 drink/month) were excluded to avoid confounding effects of alcohol

on fetal growth. For a similar reason, the study excluded reported users of

illegal or narcotic drugs. To remove the confounding effects of maternai health

and obstetric risk factors, the study excluded women with pregnancy

complications such as proteinuria, hypertension, toxaemia, diabetes, and

negative total pregnancy weight gain. Finally the study excluded subjects with

extreme values (above or below 3 standard deviations from the mean) for infant

birth weight, maternai pregravid weight and gestational weight gain. This

exclusion of outliers was intended to preserve normality of the statistical

distribution of these variables, minimize potential bias in their means as weil as

eliminate erroneously recorded values in the data. Sorne of t:le analyses were

repcated with and without these outliers to verify their impact on study results.

The above exclusions decreased the available study population to 1,330

women consisting of 601 (45 %) nonsmokers and 729 (55 %) smokers. This was

the study sample used in Manuscripts A and B. The sample used in Manuscript

C was further restricted to nonsinokers, and to those with complete records of

additional maternai weight variables at gestational weeks 20 and 30, and at 6

weeks po~!partum, leaving only 329 with non-missing values. The excluded

subjects had one or more of the weight variables missing either due tojoining

the Program aftel 20 weeks of gestation, leaving the Program before 6 weeks
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postpartum, or not paying regular visits to allow the required weight

measurements.

4.2 Methodological aspects

The analysis of this thesis addresses several methodological problems

identified in the Iiterature review given in Chapter 2. This section describes

specifie refinements that have been undertaken to add precision to the

methodology by addressing problems of misclassification of outcome variables,

and multicollinearity among determinants.

Gestational age was restricted to ~37 weeks, lJecause the analysis was

concerned with fetal growth as the birth outcome in full-term pregnancies. A

very strong gradient of birth weight with gestational age was found, even after

37 weeks of gestation. This required gestational age to be always included as a

covariate in the analysis.

Infant birth weight was categorized into small for gestational age (SGA),

adequate for gestational age (AGA) and large for gestational age (LGA). While

the confounding effect of gestational age on birth weight has been controlled in

the literature by categorizing birth weight in relatiOlI to gestational age, the

effect of infant gender has not previously been considered inuch

categorization, and this could lead to some misclassification error, e.g.

indicating a larger proportion of SGA in female infants. In this thesis, the

classification for SGA, AGA and LGA were done using as eut-off values the IOlh

anr.! 90'h percentiles of the 1986 birth weight distribution of Canadian infants

IArbucklc & Shennan 19891 specifie for the gestational age as weil the gender of each
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infant. These percentiles correspond to term birth weights (at 40 weeks

gestation) of 2.96 and 4.08 kg, which c10sely relates to the 3-4 kg birth weight

range conventionally used in the Iiterature to characterize AGA infants.

Pregravid weight and height are often reported in Il,e Iiterature as having

independent effects on birth weight despite their multicollinearity. Correlation

analysis of the present study sample. between pregravid weight and height gave

r=0.40 (p <0.0001). In this research, the separate effects of maternai height

and pregravid weight were analyzed by dividing pregravid weight into two

uncorrelated components: (a) standard weight for height and frame size, and

(b) actual difference from standard weight. The former was based on the 1983

Metropolitan Life Insurance Company (ML!) tables and was used to reflect

maternai size in terms of height and frame size. The latter was used to reflect

approximately maternai weight status in terms of degree of adiposity or energy

reserves. In this respect, pregravid weight status was categorized into three

groups; underweight as < 90%. normal as 90-120%, and overweight as > 120%

of the ML! standard weight. The cut-off values of 90% and 120% of the ML!

standard weight correspond to 25'11 and 85th percentiles of the general population

respectively (KI.jnmn" 1990). They also correspond to body mass index (BM!)

values of 19.8 and 26.0 respectively, where BMI is defined as weight (kg)

divided by the square of height (m2
). The two extremes of pregravid weight for

height are implicated in higher pregnancy risks.

The confounding effect of parity was controlled by the dichotomous

variable primiparous versus multiparous. as the relationship of parity to infant

birth weight is not Iinear and the most important difference is between

primiparous versus multiparous women ICnnltinisiu, el al 1993) •
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Graphical relationships between a predictor (e.g. weight gain) and

pregnancy outcome (e.g. birth weight) were studied to observe non-linear

trends. Values of the predictor were subdivided over certain intervals and the

com:sponding mean values of the outcome variable were plotted over each

interval. To control for the potential confounding effects of other predictors,

the mean value of the outcome over each predictor interval were statistically

adjusted, using least-square means procedure of SAS system. To study the

different effects of predictors between smoking and nonsmoking mothers, the

analysis was stratified for smoking status.

Further details on specifie methods of analysis are given in each of the

following three manuscripts.

4.3 Outline of research findings

The research findings of this thesis are given in three manuscripts. Each

manuscript is presented in the same format as it has been published or submitted

for publication in refereed scientific journals. An epilogue follows each

manuscript to summarize its results and provide a linkage to the rest of the

thesis.

Manuscript A investigates whether the effect of gestational weight gain on

infant size at birth is modified by cigarette smoking in different maternai

p~~gravid weight status groups, Infant size is characterized by weight, lellgth

and head circumference at birth. This manuscript also investigates the effect of

gestational weight gain on the risk of having SGA infants among smoking and

nonsmoking mothers of different weight status categories. Il explores to what
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extent higher weight gain among smokers can compensa:f" for the effect of

smoking on reducing infant birth weight and increasing the SGA risk. Il also

explores the dose-response relationship between the level of cigarette smoking

and infant birth weighl.

Manuscript B explores whether the lower maternai weight gain during

pregnancy and infant birth weight observed among smokers are mediated by

lower energy intake, while controlling for maternai weight and height, physical

activity, and infant gender. This manuscript further explores the extent to which

each of the modifiable risk factors of infant birth weight; namely maternai

pregravid underweight, low pregnancy weight galO and cigarette smoking

independently contribute to the risk of SGA infants in the current Canadian

population contexl. The etiologic fraction for each of these three risk factors

provides a measure of the extent to which each factor is independently

responsible for the prevalence of SGA infants. This is to provide a basis for

establishing priorities for prenatal intervention programs.

Manuscript C explores the importance of a proper timing of weight gain

during pr~gnancy with respect to the possibility of achieving a balance between

promoting fetal growth and minimizing maternai weight retention among healthy

nonsmoking pregnant women. Il addresses the question whether the total

amoulll of gestational weight gain for a given maternai pregravid weight status

can be reduced by following an appropriate weight gain pattern to decrease both

risks of maternai postpartum obesity and of SGA infants.
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The effects of pregravid weight, gestational weight gain and smoking on

infant size, and the extentto which weight gain can compensate for smoking

behaviour are explored in multivariate analysis of 1330 healthy mothers and

their full term infants at the PEI Prenatal Nutritional Counselling Program.

Stratified analysfs by pregravid weight and smoking s1atus indicated that

gestational weight gain was linearly related to birth weight in ail groups except

among overweight nonsmckers. Gestational weight gain significantly predicted

the ris!: of small-for-gestational-age infants (SGA) only among smokers.

Increased weight gain partially mitigated the negative effect of smoking on birth

weight but among underweight smoke.-s there was a high risk of SGA (> 10%)

despite an elevated weight gain. Level of smoking was directly related to infant

birth weight, with substantial reduction even for light smoking. Complete

smoking cessation is important for preventing low birth weight in Canada,

particularly among underweight mothers .
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Les effets du poids prégravide, du gain de poids et du tabagisme sur le

poids du nouveau-né de même que l'effet du gain de poids maternel pour

compenser pour le tabagisme, ont été étudiés par une analyse multivariée. Des

données sur 1330 mères et leurs bébés nés à terme obtenues du •Prenatal

Nutritional Counselling Program" de l'Ile du Prince Édouard. Des analyses

stratifiée pour le poids prégravide et le tabagisme indiquaient que le gain de

poids durant le grossesse était associé de façon linéaire avec le poids du bébé.

Parmi les fumeuses seulement, le gain de poids durant le grossesse prédisait le

risque d'un bébé petit pour l'âge gestationnel. Un gain de poids plus élevé

atténuait les effets du tabagisme sur le poids du bébé, sauf que les fumeuses

maigres ou minces avant la grossesse continuaient de montrer un risque élevé

d'accoucher d'un bébé petit pour l'âge gestationnel (> 10%). Le nombre de

cigarettes était directement et négativement associé au poids du bébé, même che?

les femmes qui fumaient peu. La cessation complète du tabagisme est

importante pour prévenir les bébé de faible poids au Canada, surtout parmi les

fumeuses maigres ou minces avant la grossesse.
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Infant size at birth is a key determinant of health, especially during early

infancy,l.4 and depends on both length of gestation and fetal growth rate.

Known independent determinants of infant size are gestational length, gestational

weight gain, pregravid weight, height, cigarette smoking during pregnancy,

race, parity, infant sex as weil as a number of pregnancy disorders. S-IO

Although the effects of smoking during pregnancy have been intensively

studied, the interaction of smoking and maternaI weight status in terms of

pregravid weight and gestational weight gain has received little attention. In

addition to a strong independent effect of smoking on infant size, smoking has

an indirect effect on fetal growth, as it is associated with lower maternaI weight

status. 1I It remains to be seen, however, whether smoking modifies the effect of

maternaI weight status on infant size at birth, as measured by weight, length and

head circumference.

Whereas smoking cessation early in pregnancy may result in an infant

comparable in size to that of nonsmoking mothers,12 it is important to assess

whether higher maternai weight status is able to compensate for the negative

effect of smoking whenever smoking cessation did not occur. 13

This study explores how smoking modi:ies the effects of pregravid weight

and gestational weight gain on infant size as indicated by birth weight, length

and head circumference, while controlling for potentia! confounding variables

such as gestational age, infant's sex, maternaI height and frame size, age and

parity. The effect of the number of cigarettes smoked is also explored.
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Data were abstracted from the Prenatal Nutrition Counselling Program of

the Department of Health & Social Services of Prince Edward Island from 1979

to 1989. This program offers individual dietary counselling to pregnant women

of primarily low socioeconomic status at nutritional risk. 14
•
15 Prenatal

information is recorded at regular visits throughout pregnancy. A nutritional

assessment is made for each woman to determine dietary requirements relative to

her weight status and dietary history.

The study was restricted to live singleton mature births (after at least 37

weeks' gestation). Mothers younger than 16 years of age were excluded to

remove those less than three years post-menarche who might exhibit different

pregnancy performance. 16 Also excluded were those women who drank alcohol

more than once a month, used narcotic or illegal drugs, lost weight during

pregnancy or had medical risk conditions including toxaemia, diabetes or

hypertension. The study sample included 1,330 white mothers from an initial

population of 1,974 rnothers.

Maternai weight was recorded on adnlission, at iO, 20, 30 weeks' gestation

and just prior to delivery. Pregravid weight was based on recall by the mother

followeJ by verification with family p~ysi.fian~ecords. stati~harag was

estimated from the date of the las menstrual period obt"ned from p ysicians'

records. Only subjects with such recor s were included in the analysis. Infant

birth weight, length and head circumference were obtained from hospital

records.
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Gestational weight gain was used as an indicator of maternai nutritional

status, in view of the difficulties inherent in assessing individual dietary intake

and pregnancy requirements. 17
•
18

To control for the obvious correlation between maternai pregravid weight

and hcight, maternai weight was broken down into two independent continuous

variables; (a) standard weight for height and frame size based on the

Mctropolitan :"'ife Insurance tables,I9 and (b) pregravid weight above standard.

The former serves as an indicator for height and frame size, while the latter

indicates adiposity. When stratifying for weight status, subjects were divided

into three pregravid Body Mass Index (BMI) categories:20 <20 kg/m2 for

underweight; 20-26 kg/m2 for normal w<:ight; and > 26 kg/m2 for overweight.

They were further divided over seven weight gain intervals at 4 kg spacing.

Infant hirth weight was adjusted for gender by subtracting or adding 70 g

for males and females respectively, based on an observed mean difference of

140 g in birth weight between the two genders. Statistical adjustments were

used for other potential confounders as applicable.

Differences in maternaI and infant characteristics between smokers (those

who continued to smoke one or more cigarettes per day) and nonsmokers were

assessed by t· and chi-square lests. Because these two groups differed in many

characteristics and the relationship between weight gain and infant size among

smokers was of special interest, the analysis was stratified by smoking status.

We evaluated the effects of predictors on infant birth weight, length, and head

circumference, using stepwise multiple regression analyses. The effect of

predictors on the risk of small-for-gestational-age (SûA) infants « 10111
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percentile birth weight for gender and gestational age),21 was evaluated by

logistic regression analysis. Graphical results were obtained on infant birth

weight and SGA risks vs. maternaI weight gain and level of smoking, using

general Iinear model techniques, in order to explore possible non-Iinear

relationships, while controlling for maternai pregravid weight, parity, smoking

level among smokers, gestational age and infant sex.

Statistical analyses used SAS software package for Personal Com;JUters

Version 6.04, 1!J90 (SAS Institute Inc., Cary, North Carolina).

Results

MaternaI and infant characteristics, stratified by smoking status, are

provided in Table I. The sample contained a high proportion of smokers (54 %)

and single mothers (42 %) because of the initial high-risk selection criteria.

Unadjusted mean birth weight, length and head circumference were significantly

lower among infants born to smoking mothers by 305 g, 1.2 cm and 0.6 cm,

respectively. Mean height was not different between smokers and nonsmokers

so that the smal1 difference in mean standard weight is Iikely explained by a

higher estimation of frame size for heavier subjects.

Multivariate regression analysis of infant birth weight, length and head

circumference, indicated that gestational weight gain, standard weight for

height, pregravid weight above standard, gestational age, parity, and smoking

level were independent predietors of infant size (Table 1\). Other maternai

variables Iisted in Table 1showed no significant association with infant size in

the regression analysis. Although the regression coefficients for weight gain
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appeared higher among smokers than nonsmokers, this difference (i.e.

interaction) was significant only for infant length (p < 0.05).
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Figure 1 plots adjusted mean birth weight vs. weight gain for different

pregravid weight groups of smokers and nonsmokers. Overweight nonsmoking

mothers tended to exhibit a plateau in birth weight at higher levels of weight

gain, while the othe;' weight groups showed a steady increase in infant birth

weight with increasing weight gain. There was no statistical interaction of

prcgravid weight and weight gain on infant birth weight, among smokers or

nonsmoker~. Figure 2 shows that mean adjustedbirth weight, decreased

nonlinearly with smoking level, with the greatest drop being between

nonsmoking and luw smoking levels.

Results of stepwise logistic regression analyses of the risk of SGA for

smokers and nonsmokers are given in Table III. Pregravid weight and

gestational weight gain significantly predicted SGA risk among smokers; level of

smoking provided no significant contribution to the regression mode\.

Similarly, there was no interaction between maternai weight gain and pregravid

weight.

The proportion of SGA infants is plotted against weight gain by smoking

and pregravid weight status in Figure 3. Among nonsmoking mothers the

overail SGA risk was relatively low (5.4%), and evr.n underweight women had

an SGA risk less th-,!1 10% if weight gains werc greater than 17 kg. In contrast,

the proportion of SGA infants was much higher among smokers, and remained

above 10% among the underweight smokers even at very high weight gains.

Although weight gain among smokers reduced the proporti!'f. of SGA infants,

underweight smokers remained at elevated risk.
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Our study population il'L'j'.Ided women followed in a prenatal nutrition

counselling program, for whom detailed data throughout pregnancy were

available. Although this sample is not representative of the entire Canadian

population, il is indicative of a lower socioeconomic population with elevated

risk. The meall fu:l-term infant birth weight, however, was comparable to that

of the Canadian population,21 The unusually large proportion of smokers and

wide range of gestationa1 weight gain provided an opportunity to assess the

interaction among these variables in influencing infant si7e. Any possible

sampling bias due to the high proportion of smokers was r.ontrolled through

stratified analysis.

Smokers were different from nonsmokers in many respects: :h~.y were

thinner and gained less weight during pregnancy. These results are consistent

with those reported elsewhere,22 especially among women of lower

socioeconomic status. Il Despite these differences, the effect of smoking on

reducing birth weight in our population was independent of maternai weight

status, which is also consistent with other studies.23

Predictors of mean birth weight, length and head circumference were

similar for smokers and nonsmokers. These variables generally agree with

determinants of low birth weight cited in previou3 studies.24,25 Our results

further showed that weight gain had a greater effect on infant length in smokers

than nonsmokers: i.e. lower weight gains among smokers could involve greater

reductions in intant length.
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Figure 1 shows that birth weight increased with maternai weight gain at

similar rates in different pregravid weight groups except that it reached a plateau

among overweight nonsmokers with greater weight gains. Such a non-Iinear

relationship may partly explain the previously reported interaction between

weight gain and pregravid weight when using Iinear regression analysis. 7
•
26

Figure 2 shows a dose-response relationship between birth weight and

smoking level adjusted for other birth weight predictors. The reduction in birth

weight attributed to Iight smoki Ig (between one and five cigarettes/day) was

approximately 160 g, which was comparable to the difference between light and

heavy smokers (more than 20 cigarettes/day). Although it is possible that other

unmeasured .confounders or an under-reporting of the number of cigarettes

smoked affected the results, one must consider that the mere habit of smoking,

irrespect ive of its intensi.ty, may create a physiological condition unfavourable to

fetal growth. Cigarette smoke components (nicotine, carbon monoxide,

hydrogen cyanide, and nitrogen oxides) are shown to depress tissue uptake and

placental transfer of amino acids, which are required for fetal growth. 27 Thus

an increase in substrate intake as reflected by greater weight gain may partially

ameliorate the negative effect of smoking, but with the possible undesirable

effect of increasing maternai weight postpartum. Rather, a complete smoking

cessation would be much more desirable than a partial reduction or

compensation by weight gain

The observed differences in the effects of maternai weight status on birth

weight and SGA risk between smokers and nonsmokers point to some important

considerations in the nutritional management of pregnancy .
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White weight gain significantly predicted mean birth weight in ail groups.

Table III shows that weight gain was not a significant predictor of the risk of

SGA infants among nonsmokers. This may be explained by thc lower overail

risk of SGA seen in Figure 3A among nonsmokers. particularly the overweight

or normal weight women. Even among underweight nonsmokers. the relativdy

higher SGA risk was effectively reduced at the upper range of currently

recommended weighl gain levels. 2o ln contrast. underweight and normal weight

smokers as indicated in Figure 38 have relatively high SGA risks (greater than

10%) even at excessive weight gains. especially among the underweight wherc

the risk remained above 10% throughout the entire weight gain range. Thus.

underweight smokers are at a particularly high risk of having an SGA infant.

even when exceeding currently recommended weight gain levels.

To estimate average weight gains associated with a mean full-term birth

weight of 3.500 g. the regression equations of Table (( indicate that while a

weight gain of 12 kg is appropriate for nonsmokers. conforming weil with

published standards.20 a 20 kg weight gain is required to reach this birth weight

among smokers.

These results c1early demonstrate that smoking cessation would be a more

desirable alternative than attempting to mitigate the effect of smoking by

increasing weight gain to undesirable levels from maternai and felal

perspectives. 28 Smoking during pregnancy is of special concern because of its

-::ffect on the proportion of SGA infants, particularly among underweight

women. An encouragement of complete smoking cessation through vari()u~

approaches white weight gain is taitored to individual maternai characteristic~

should be a prime concern in [lrenatal health education.
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TABLE 1: Infant and Maternai Characteristics in the PEI Study Population

Ali subjeclS Nonsmokers Smokers Il valye

n = 1330 n = 601 n = 729

(mean ± standard deviations. or percenta~e)

Infant variables

Gestational age (wk) 39.6±1.2 39.8± 1.2 39.5± 1.2 NS

Birth weight (g) 3441±506 3608±481 3303±483 <0.0001

Length (cm) 51.4±3.0 52.0±2.8 50.8±3.0 <0.0001

Head circumference (cm) 34.8± 1.5 35.1±1.4 34.5±1.5 <0.0001
• lb

11.2% 5.4% 16.0% <0.0001%SGA « 10 pereentile)

Maternai variables

• MaternaI age (years) 23.2±5.2 24.1±5.7 22.4±4.8 <0.0001

Pregravid weight (kg) 59.4±13.4 61.5±14.5 57.6± 12.1 <0.0001

Maternai height (cm) 161±6 161±6 161±6 NS

Standard weight (kg) 54.9±6.1 55.3±6.6 54.6±5.7 <0.05

Weight above standard (kg) 4.4± ILl 6.1 ± 12.2 3.0±9.8 <0.0001

Body mass index (kg/m2
) 22.9±4.9 23.7±5.4 22.3±4.4 <0.0001

Weight gain (kg) 15.~±6.1 16.2±6.0 14.5±6.1 <0.0001

Parity (% primiparous) 50.9% 52.8% 49.2% NS

Pregnancy interval (yr) 2.7±2.7 2.7±2.8 2.7±2.6 NS

Post-secondary education 13.5% 23.0% 5.6% <0.000\

Married status 57.6% 65.6% 50.9% <0.0001

Employment 22.2% 29.4% 16.0% <0.0001

Cigarettes/day 13.8+8.7

•

• Small for gestational age

NS No signifieant differenee belWeen smokers and nonsmokers



• .. manuJ'cripl a ..

TABLE Il: Regression Models of Infant Size Iodicators by Smoking Stutus
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A. Infant birth weight (g):
y -intercept
Weight gain (kg)
Standard weight (kg)
Weight above standard (kg)
Gestational age (wceks)
Parity (primi/multi)
Cigarelles/day

Nonsmokers (0=601) Smokers (0=729)
(Regression coefficients estimates)

13 ± SE 13 ± SE
••• •••-2237.4:1:586.0 -2638.2:1:515.9

+ ••• + ...22.5±3.0 25.7±2.7
9.8±2.6 ••• 11.3±2.7 ...

••• 8 +1 6 •••8.7±1.5 .5_ .
••• •••121.6±14.5 124.3±13.0

103.3±35.8 •• 106.5±31.9 •••
•-3.4±1.7

R-square = 0.25 R-square = 0.31

•
B. Infant Leogth (cm):

y -Intercept
Weight gain (kg)
Standard weight (kg)
Weight abovc standard (kg)
Gcstational age (weeks)
Parity (primi/multi)
Cigarelles/day

C. Head Circumference (cm):
y -intercept
Weight gain (kg)
Standard weight (kg)
Weight above standard (kg)
Gestational age (weeks)

Parity (primi/multi)
Cigarelles/day

13 ± SE
31.7±3.6···

0.046±O.018 ••..
0.044±O.16

••O.028±O.OO9
•••0.43±O.09
NS-0.2I±O.22

R-square = 0.08

13 ± SE
•••22.9±1.9 ...

0.034±O.010
••0.022±O.OO8
•••0.019±O.OO5

•••0.26±O.05
-0.03±O.11 NS

R-square = 0.11

13 ± SE
•••24.4±3.5

•••0.120±0.020
••0.050±0.019
•0.019±O.01l

•••0.55±O.09
•0.47±O.22

-O.OI±O.01 NS

R-square = 0.16

13 ± SE
•••19.9±1.8

•••0.048±O.OO9
••

0.027±O.OO9
•••0.025±O.OO5

•••0.3I±O.04
O.IO±O.II NS

-0.OO3±O.OO6 NS

R-square = 0.17

•
Significance test of the regression coefficient being different from zero: • (P <0.05).
o. (p <0.01)•••0 (P <0.001). NS (not significant). Significance test of the regression
coefticient being diftèrent belWccn smokers and nonsmokers based on pooled standard error
of the estimates yielded p< 0.05 for weight gain coefticient fo\' infantlength. and
significance for ail other coefficients.
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TABLE III:

Logistic Regression Models of SmaU-for-gestational-age Infants by Smoking

Status

Nonsmokers (n=601) Smokers (n=729)

Overall proportions S.4% 18.0%

Variables Regression coefficient estimates

•
y -intercept

Weight gain (kg)

Pregravid weight (kg)

Il ± SE

1.30±1.3 NS

-o.OS±O.04 NS

-o.06±O.02 ••

Il ± SE

2.34±O.68 •••

•••-o.IO±O.02
•••-o.OS±O.OI

•

Significance test of the regression coefficient being different from zero: • (p < O.OS),
.. ... . . . .

(p<O.Oi), (p<O.OOI), NS (notslgnlficant). Slgnlficance test of the

regression coefficient being different between smokers and nonsmokers ba~ed on

pooled standard error of the estimates, yielded no significance for ail coefficients.
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Figure 1. Infant birth weight vs. gestational weight gain stratified by maternai Body

Mass Index: (A) in nonsmoking mothers, (B) in smoking mothers.
Mean birth weighl was adjusled for parily, geSlalional age and infant sex, and further adjusled
for smoking level among sOlokers 10 an avenge of 14 cigarettes per day. Weighl gain
increments of 4 kg were used giving alleasl 30 suhjecls per group.



• l1uJnUJcripf a .. 79

Infant Birth Weight (g)

24222018161412108642

- 1--- - -,-_. -,'-- -'---I-----~--~---c_-___.

: :: :: 1

1 1 1 r 1
, 1 1 • 1 1 1 1 1 1 1 1

,- --~----i-----i-----t-----~----i-----i-----t-----t----i-----i-----t--J

\ 1 J J l l J J l l J l l__
'1 1 1 1 1 1 1 1 1 1 1 1 J

1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 r 1 1
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 l , 1 1 1_L I J l L J J l L ~ J L __
1 1 1 • 1 t 1 III 1 1
1 l , , 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 III 1 1

l , 1 1 1 lit 1 1 1
1 1 1 1 1 1 1 J l 1 1
1 l , 1 1 1 1 1 ~ 1 1----,-----'-----r-----r----'-----'-----r-----r----ï-----'-----i--

'"

1 1 1 1 1 1 1 1 t 1 1
1 t l 1 1 1 1 1 1 1 1

~
l r 1 1 1 1 l , 1 1 1
1 1 1 lit 1 1 1 1 1

t l' 1 1 1 1 1 lit
----~ ~_' 4-----. ~ ~- 4 ~_----~----~-----~-----~ __

1 • 1 1 lit 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
1 l " l , 1 1 1 1 1
1 r t 1 1 1 1 1 1 1
1 t 1 1 1 1 • lit 1 1____ L ~ J L L J L L ~ J L __

1 lit 1 '~' 1 1 1 1 11 1 1 1 lit 1 1 1 1 1
1 tir 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 • j
1 1 r 1 l' 1 r 1 1

----~----~-----i-----+-----~----~-----i- ---~--- 1 ---ï-----+-----~--
: 1 1 1 1 1 1 1 1 1
lit l 't 1 1 1
1 l , 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1

1 1 1

3600

3550

3500

3450

3400

• 3350

3300

3250

3200
0

Cigarettes per Day

Figure 2. Infant birth weight vs. smoking level.

Mean birth weight was adjusted for gestational age, infant sex, maternai weight
gain and parity.
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Epilogue to Manuscript A

Manuscript A showed that smokers had lower pregravid weight. gestalional

weight gain and infant birth weight than nonsmokers. However, the effect of

cigarette smoking on reducing infant birth weight. remained substantial even

after controlling for maternai pregravid weight and gestational weight gain.

Smoking, pregravid weight and weight gain acted independently on infant birth

weight. The rate of increase in infant birth weight with increasing maternai

weight gain was not significantly different between smoking and nonsmokil:g

women of different pregravid weight status categori~s. However, the birth

weight of infants born to overweight nonsmoking mothers reached a plateau at

weight gains greater than 17 kg. Thi. implies no significant interactive effects

among these three predictors on birth weight, i.e. neither smoking nor maternai

weight status modified the effect of gestational weight gain on infant birth

weight at weight gains < 17 kg. Gestational weight gain, however, had a

greater effect on infant length in smokers than in nonsmokers when controlling

for maternai pregravid weight.

The risk of SGA decreased with increasing maternai weight gain among

nonsmoking women, but among underweight smokers the risk of SGA remaincd

high even at weight gains >20 kg. Finally a c1ear dose-response effect of the

level of maternaI cigarette smoking on reducing infant birth weight was

observed.

Manuscript B will investigate whether the lower maternaI weight before

and during pregnancy, and/or the lower infant birth weight among smokers as

observed in Manuscript A are mediated by lower energy intake or higher energy
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cxpcnditurc. Il will cxplor~ thc rclativc importance of the three modifiable SGA

risk factors (pregravid underweight, low gestational weight gain and smoking),

by calculating their indepcndent contributions l(l the risk of SGA infallls at the

population lèvel using ctiologic fractiom •

. ,
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A retrospective cohon study of 729 smoking and 610 nonsmoking pregnant

women participating in the PEI Prenatal Nutritional Counselling Program (1979

1989) was lIndertaken io study whether lower energy intake resuIts in lower

maternai weight and/or a higher rate of small-for-gestational-age infants (SGA)

among smokers. A second objective was to quantify, using etiologic fractions,

the independent contributions of cigarette smoking, maternai pregravid

underwcight and low pregnancy weight gain to the risk of SGA. Measurements

of maternai pregravid weight, height, pregnancy weight gain, smoking status,

physical activity, energy intake by a series of 3-day food records throughout the

duration or pregnancy, and infant birth weight were collected for women with

lIncomplicated pregnancies resuIting in full-term singleton infants. Multiple

Iinear regression analyses to predict the effeet of smoking on maternaI energy

intake, weight gain, and infant birth weight were performed. The independent

contributions of smoking, pregravid underweight, and low pregnancy weight

gain to the risk of SGA were determined using logistic regression ana1ysis. The

results showed that smoking was independently associated with higher energy

intake (+ 168 kcal/d). but with lower maternaI weight gain (-2.16 kg) and infant

birth weight (-205 g). Dietary energy intake was positively associated with only

a small increment in birth weight (5.9 g/lOO kcal). The etiologie fraction for

SGA attributable to smoking was 30.8%, pregravid underweight 16.7%, and low

gestational weight gain 15.3%. We conclude that the important negative effect

of smoking on retarding fetal growth cannot be adequately mitigated by simply

increasing energy intake.
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Introduction

Despite the steady decline in cigarette smoking among the general

population in the US and Canada. approximately one quartcr of women of

reproductive age (18-44 yr) in both count ries still report regular smoking (I·:\).

Although some of these women slrJp smoking during pregnancy. approximately

20% 0\ ail pregnant women continue 10 smoke after the tirst trimester (4-6).

Smoking is known to suppress l'etai growth directly through depressing tissue

uptake and placental transfer of oxygen and nutrients to the fetus (7-9). Somc

studies also report lower maternai pregravid weight and 10wcr wcight gain

during pregnancy among smoking wome~. thereby implying an indirect cffect of

smoking in reducing l'etai growth (10-12).

Since the 1970'5. it has been suggested thatthe negative consequences of

smoking on l'etai growth may be nutritional in origin and that nutritional

supplementation of pregnant smokers may prevent reduced maternai weight gain

and infant birth weight (11.13-15). Cross-sectional evidence regarding non

pregnant women suggests that smokers consume more energy than nonsmokers

and stay leaner (16-18). However, dietary studies comparing energy intakc

between pregnant smokers and nonsmokers are not as consistent and report

higher, lower or similar average daily energy il1lakes (10.19-21), which arc also

associated with significant and non-significant increases or decreases in

maternai weight gain (10-12.14) and significant decreases in infant birth weight

(22-26).

Established determinants of low birth weight in developed countries

include in ranked order, cigarette smoking, low energy intake or maternai
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weight gain, low prepregnancy weight, primiparity, female infant gender, short

stature, non-white race, maternai low birth weight and a prior history of low

birth wcight, with the first five explaining more than 75 % of intrauterine growth

retardation (7,22,27). Since smoking can also cause increased rates of

prematurity (9,28,29), gestational age must be controlled in ail anal:rses. To date

no dietary study has simultaneously controlled for ail lhese variables making it

diflïcult to resolve the independent contribution of increased energy intake

during pregnancy to maternai weight gain and infant birth weight in pregnant

smokcrs.

The purpose of the present study is to establish if lower maternai weight

gain and/or intrauterine growth retardation in smokers, are mediated by lower

cnergy intake while also controlling for known potential confounders of infant

birth weight and including those which may have ail impact on energy intake or

expenditure (e.g. maternai weight, height, physical activity). The study further

explores the extent to which each of the potentially modifiable risk factors of

infant birth weight, namely maternai pregravid underweight, low pregnancy

weight gain and cigarette smoking independently contribute to the risk of small

for-gestational-age (SGA) infants. The etiologic fraction for each of these

factors provides a measure of the extent to which each factor is independently

responsible for the prevalence of SGA infants.

Subjects and methods

The study population consisted of 601 nonsmoking and 729 smoking white

healthy pregnant adult women (16-39 y) who were delivered of singleton infants

between 1919 and 1989 with no pregnllncy complications. The pregnancies were

followed by nutritionists at the Prenatal Nutrition Counselling Program of the
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Department of Health & Social Servict's of l'rince Edward Island. Canad,1.

As with the WIC p~ogram (30). individual dieulrY counselling is prtl\'ided 10

pregnant women of limiled family income.

Gestational lenglh was eSlimated l'rom the date of lhe lasl menstrual period

based on family physicians' records. l'regravid weight was also obtained fwm

the family physicians' records. Measurement of maternai weight was donc by a

dietilian using a balance scale with women wearing light indoor elothing ami no

shoes. Infant birth weight was obtained l'rom hospilal records. The levclof

physical activity during carly pregnancy was assessed upon admission as

sedentary. moderate or heavy by using the method described in lhe 1975

Canadian Dietary Standard (31). which is based on counting the number of hours

spent daily on the following activities: resting. sitting. light. moder.lle or heavy

work and exercise both indoors and outdoors.

Upon admission. an assessment of initial daily energy and prote in intake

was calculated by a dietitian from a diet history (20). Subsequently. average

intakes of energy and prolein were calculated from the three-day food records

eompleted at regular visits throughout pregnancy. The total number of visits per

woman ranged from 4 to 15. The average intake during the entire pregnancy

was calculated as the mean of initial intake and subsequent intakes. with each

intake weighted for the duration il represellled. '1'0 ensurc their accuracy. ail

dietary data reported by the mother were cross-checked for consistency with

information from her food shopping lists. and size of her household as

determineçl by a home visit to verify her description of food preparation

methods. 1'0 minimize human errors. ail calculations used in the dietary

assessment were verified by a second nutritionist.
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Univariate comparison of maternai and infant weight variables between

smokers and nonsmokers was done using Student's t-test for continuous

variables, and chi-square test for categorical variables. Pregravid weight was

divided into two uncorrelated components; (a) standard weight for height and

frame size based on the 1983 Metropolitan Life Insurance company tables (32),

and (b) excess pregravid weight expressed as the difference between actual and

standard weight at conception. Small-for-gestational-age (SGA) was defined as

birth weight fallillg below the IQlh percentile specific for infant gender and

gestational age using the 1986 birth weight distribution of Canadian infants (33).

The relationship between cigarette smoking and energy intake was

investigated by comparing the intake of smokers and nonsmokers and by

correlating the number of cigarettes smoked with energy intake. Multiple

regression analysis was performed for energy intake (kcal/d) as the outcome

variable in order to estimate its independent association with smoking status,

level of physical activity. standard pregravid weight for height and excess

pregravid weight. Similar analyses were performed for maternai weight gain

and infant birth weight. Parity, infant gender and gestational age were also

controlled in these analyses.

In order to calculate the etiologic fractions of SGA attributed to maternai

smoking status, low pregravid weight, and low pregnancy weight gain at term,

multiple logistic regression analysis was used to obtain the odds ratio (OR) for

each factor. Pregravid underweight was defined as <90% of standard weight

for height and frame size in accordance with the 1983 Metropolitan Life

(nsurance company standards (32). This eut-off coincides with approximately the
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2Slh percentile of the US population (34). Low maternai weight gain was defincd

as weight gain < iO kg at term (40 weeks) which coincides with the 2S'h

percentile of the US population described by the 1980 National Natality Survey

(34). The prevalence of smoking among pregnant US and Canadian women \Vas

taken as 20% (4-6). To estimate the contribution of each risk to lhe prcvalencc

of SGA infants in the population, the etiologic fraclion (EF) was computed as:

EF = P(OR-I)I{P(OR-I)+ I}, where P is the prevalence of each risk faclor in

lhe general population.

Statistical analyses were done using SAS software for Personal Compulers

Version 6.04, 1990 (SAS Institule Inc., Cary, NC). The level of slalislical

significance was chosen as p<O.OS.

Results

Maternai and infant characteristics of smokers and nonsmokers are

provided in Table I. On average, smoking mothers consumed 13.8 cigarettes

per day. Smokers reported higher energy intake and slightly higher levels of

physical activily than nonsmokers. Smokers also enlered pregnancy al a lower

weight for height status and were twice as likely to have low pregnancy weighl

gain « 10 kg at term) and lhree times more Iikely 10 have SGA infants

(p <0.0001) than nonsmokers.

The multiple regression analysis for energy inlake in Table Il included

smoking, physical activity and infant gender which were the only prediclors

showing independent effects. This analysis indicates that smokers ccnsumed

more energy by 168 kcal/d than nonsmokers for similar physical activily. Each

successive level of physical activity from sedentary to moderale 10 heavy was
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associated with increased energy consumption by an average of 38.5 kcal/d.

Interestingly, pregnant women carrying male infants consumed 145 kcal/d more

than those with female infants.

The multivariate model for maternai weight gain from Table Il indicated

that maternai smoking, physical activity, standard weight for height, excess

pregravid weight, parity, gestational length and infant gender \Vere ail associated

with maternai weight gain. Smoking decreased weight gain independentiy of ail

other predictors. Maternai standard weight for height was associated with

increased maternaI weight gain; while excess pregravid weight was associated

with decreased maternai weight gain. Multiparous women gained Iess weight

during pregnancy than their nulliparous counterparts. Women pregnant with

male infants gained more weight than those with female infants. Average daily

energy intake did not significantly predict maternai weight gain. To investigate

whether the effect of smoking could have masked this relationship, correlation

analysis between energy intake and maternai weight gain was performed

separately for smoking and nonsmoking mothers, and a significant correlation

was observed among nonsmoking mothers (r=O.22, p<O.OOOl). Among

smoking mothers, however, energy intake and weight gain were not correlated

even after adjusting for the level of cigarette smoking. Further correlation

analyses for the daily level of cigarette consumption among smokers indicated

that the more cigarettes a mother smoked, the higher her energy intake (r=O.15,

p<O.OOOI), the lower her weight gain (r=-O.27, p<O.OOOI) and the lower her

infant birth weight (r=-O.19, p<O.OOOI).

The prediction model for infant birth weight from Table Il showed the

expected independent effect of smoking in lowering birth weight. In addition,

birth weight was positively associated with maternai standard weight, excess



• .. manuscript b ..

pregravid weight, dit:tary energy intake, physical activity, multi-parity,

gestational length and male infant gender. Dietary intake predic\ed a 5.9 g

higher birth weight for every 100 kcal/d ingested. Interestingly, physica!

activity was associated with higher birth weight infants and higher energy

intakes but not higher maternai weight gains.
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The results of multiple logistic regression analysis given in Table III

provide the independent effects on SGA for each of the main risk factors. The

odds ratio was 3.23 (p<O.OOI) for smoking, 1.80 (p<O.OOOI) for pregravid

underweight, 1.72 (p=0.003) for low weight gain, 0.87 (p<O.OOI) for 1 kg

increment in standard pregravid weight for height (which translates into 0.5

relative risk for every 5 kg increase in weight), and 0.81 (p=0.04) for physical

activity when it is increased by one level (e.g. from sedentary to moderate).

Energy intake was not a significant predictor in this analysis and was excluded

from the mode!. The risk of SGA infants decreased with higher standard

pregravid weight for height and with increased physicaI activity.

Based on available prevalence data for smoking, pregravid underweight

and low weight gain, we calculated the population etiologic fractions using our

estimated odds ratios. The calculations provided an estimate of the percentage

of SGA directly attributed to smoking of 30.8%, which represents the

percentage of SGA infants that would not occur if ail women who smoke during

pregnancy (20% of the population) were to stop smoking early in their

pregnancy. Similarly, SGA births attributed to pregravid underweight status

« 90% of standard weight for height) and low weight gain « 10 kg) were

16.7% and 15.3% respectively.
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Recent surveys have reported that smoking during pregnancy has declined

in the 1990's in the US and Canada to 20% (4-6). This paper shows that even

with such reduced prevaJence, the impact of smoking on SGA births remained

substantial with an etioJogic fraction of approximately 31 %. This represents the

direct effect of smoking on retarding fetal growth that is not attributable to

maternai weight variables. In this study, the etiologic fraction for SGA

attributable to smoking aJone was approximately double that attributable to

either of the two other major risk factors, i.e. pregravid underweight and low

weight gain. Therefore, a major portion of SGA would still remain because of

the direct effect of smoking, even if adequate dietary measures were taken

before or during pregnancy to increase maternai weight. Such dietary measures

may improve birth weight, but very high maternai weight gains have aslo been

associated with increased SGA and maternai postpartum weight retention (34-36).

ln our study, smokers reported consuming more energy than nonsmokers,

yet they gained Jess weight during pregnancy for similar physical activity.

These findings have two implications. First, the indirect effect of smoking on

reducing infant birth weight through lower weight gain was not mediated by

appetite suppression as suggested earlier (11,13-15). Second, sorne aspect of

smoking seems to use up energy that is not directed towards maternai weight

gain and fetal growth. Our finding that dietary intake during pregnancy was

positively correlated with the level of cigarette smoking is consistent with

reported findings of an acute effect of increased BMR in non-pregnant smoking

women (37-39). Our pregnant smokers seem, therefore, to have elevated energy

needs that are possibly related to increased BMR, similar to what has been

reported for the non-pregnant state.
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It is interesting to find that maternai physical activity had a positive errect

on infant birth weight, without a significant effect on maternai weight gain.

Reports from the Iiterature indicate either no association (40-42), or a marginal

positive association between birth weight and activity (43,44). Strenuous

physical work in poor settings, however, has been Iinked to preterm delivery and

therefore lower birth weight (45). The significant positive association between

the level of maternaI physical activity and birth weight in our study could be due

in part to healthier Iifestyle among mort active women such as higher dietary

quality and better health status.

Energy intake, in this study, correlated with maternaI weight gain during

pregnancy only among nonsmokers but not among smokers, even after

controlling the number of cigarettes smoked daily. These findings are similar to

those of Picone et al (10). Il seems that the level and intensity of cigarette

smoking mask the relationship between energy inlake and maternai weight gain,

possibly by introdueing large variability not only in metabolie energy

expenditure but also in other unmeasured physiologieal or behavioral factors

affeeting weight gain. In other words heavier smokers may consume and spend

more energy without neeessarily gaining more weight. Although in this study

dietary energy intake was positively assoeiated with infant birth weight, this

effeet was relatively small: -6 g of infant birth weight for every 100 keal/d.

Sueh a small positive dietary effeet of energy intake eompared to a smoking

effeet of -205 g indieates that exeessively high dietary intake would be required

to eompensate for even a small part of the effeet of smoking.

ln summary, suggestions by elinieians that smokers inerease their food

intake to prevent SGA are not supported by the findings of this study.
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Evaluations of nutritional supplementation in controlled clinical trial have

indicated modest increases in birthweight of 30 g (46). In contrast, estimates of

the negative effect of smoking on birth weight range from 70 to 356 g (23-25,47).

III addition, it has been observed that complete smoking cessation early in

pregnancy can improve birth weight by 90-217 g (48-51). Because of the greater

birth weight changes precipitated by restricting smoking behavior, healthcare

practioners should not ignore this approach and overly promote nutritional

supplementation and increased energy intake, except among the underweight and

low weight gain pregnant smokers who have a very high risk for SGA and where

demonstrable improvement has been observed (7,26).
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Table 1: Maternai and infant characteristics in smokcrs and nonsmokcrs,
means ± 5D. or % risk

Variable Nonsmokcrs Smokers p-vnlnc

n=601 n=729

Excess weight at conception (kg) 6.1±12.2 3.0±9.8 <0.0001

Pregravid underweight 19.1 % 28.7% <0.000\
« 90% standard weight for height)

Energy average intake (kcal/d) 2462±573 2622±605 <0.000\

Maternai weight gain (kg) 16.2±6.0 14.1±6.1 <0.0001

% Low weight gain (< 10 kg at term) 13.6% 26.0% <0.0001

• Smoking level (Cigarettes/day) 13.8±8.7

Physical Activity 0.5±O.8 0.6±O.9 0.002
(sedentary =0. mmlerate = 1. heavy =2)

Infant birth weight (g) 3GGô±481 3303±483 <0.0001

Risk of SGA infants 5.4% 16.0% <0.0001

•
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•99

Energy !ntake (kcal/d) Maternai weight gain (kg) Infant birth weight (g)

Variable IHSE p-value IHSE p-value 13 ± SE p-value

y -intercept 2331.9±549.1 <0.0001 -13.36±4.64 0.007 -3472. i±325.1 <0.0001

Smoking (no=O. yes=1) 167.6±74.8 0.025 -2. 16±O.33 <0.0001 -204.7±23.3 <0.0001
Physical Activity 38.5±12.0 0.014 -0.04±O.20 NS 19.1±9.3 0.040
(sedentary=O. moderate=l. heavy=2)

Infant gender (f=O. m= 1) 145.4±44.9 0.012 0.75±O.32 0.019 112.4±22.3 <0.0001

Stanrlard pregravid weight (kg) 0.15±O.04 <0.0001 15.7±2.7 <0.0001

Excess weight at conception (kg) -O. 1l±O.02 <0.0001 8.4±1.1 <0.0001

Parity (single=O. multiple = 1) -2.23±O.34 <0.0001 116.1±24.1 0.003

Gestational length (weeks) 0.56±O.10 <0.0001 151.2±7.3 <0.0001

Average energy intake (100 kcal/d) 0.Ol±O.07 NS 5.9±1.9 0.002

R2 =0.25 R2 =0.12 R2 =0.42
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Table III: SGA risks attributable to smoking, pregravid underweight and low gestational weight gain

Variable 13 ±SE p-value Odds Prevalence Etiologie
ratio (P) fraction

y -intercept 5.49±1.24 0.003

Standard pregravid weight (kg) -o.14±O.02 <0.0001 0.87

Pregravid underweight 0.59±O.18 <0.00ù1 1.80 25% 16.7%
(<90% vs. ~90% of standard weight)

Low gestational weight gain at term 0.54±O.19 0.003 1.72 25% 15.3%
« 10 vs. ~IO kg)

Smoking (yes vs. no) l.l7±D.20 <0.0001 3.23 20% 30.8%

Physieal Activity -o.2I±O.1O 0.04 0.81
(sedentary=O. moderate= 1. heavy=2)

Parity (multiple vs. single) -o.29±O.18 NS

Note: Etiologie fraction = P(OR-I)/{P(OR-I)+ l}
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Manuscript B showed that the effects of maternai smoking on reducing

both maternai pregravid weight at conception and gestational weight gain, were

not mediated by lower dietary intake among smokers. To the contrary. smokers

had a higher energy intake for similar physical activity than nonsmokers. The

manuscript indicates that further increasing dietary intake by smokers would not

effectively restore infant birth weight to comparable levels to nonsmokers,

especially among underweight mothers who are found to be at higher risks of

having SGA infants in Manuscript A. Although maternai dietary energy intake

was positively associated with infant birth weight both in smokers and

nonsmokers, this effect was relatively small compared to the large negative

effect of smoking on birth weight.

At the population level, the proportion of SGA births due to the direct

effect of smoking would still remain high at - 31 %. even if the problem of low

pregravid weight and low gestational weight gain could be corrected. The SGA

portion due to smoking would be about twice that due to pregravid underweight

or lower weight gain. The results of Manuscript B indicate that underweight

smoking mothers gaining low weight gain dllring pregnancy are at an especially

high SGA risk.

The combined results of Manuscripts A and B suggest that even if the

negative effect of smoking on birth weight were to be partially mitigated by

increasing weight gain through excessive dietary intakes, such a measure could

expose the mother to the risks of pregnancy complications and/or postpartum

obesity known to be associated with high gestational weight gain. This points to
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the need for smoking cessation as an important measure for reducing the risk of

SGA, in addition to the need for adequate nutrition before or during pregnancy.

The improvement of weight status through a positive energy balance is important

to counteracting the risk attributed to low weight gain, or possibly to compensate

for low pregravid weight, but extra-high weight gain in normal or overweight

women to compensate for the effect of smoking is unlikely to be of benefit.

Manuscripts A and B studied the effect of the total amount of weight gain

on infant birth weight, without considering the effect of its timing. Manuscript

C will explore the importance of the timing of weight gain to both neonatal and

maternai outcomes. The Iiterature review in Chapter 2 together with the

findings in Manuscripts A and B show that smokers and nonsmokers

substantially. differ in several characteristics and relationships. Smoking is

known to upset the chemical and metabolic balance of the body through various

chemicals and toxins found in tobacco smoke, and is therefore expected to

distort the normal course and outcome of pregnancy. For these reasons,

Manuscript C will be restricted to nonsmokers in exploring the potential for a

balance between promoting fetal growth and reducing the risk of postpartum

obesity. The results will therefore be more meaningful to a healthy population

not affected by substance abuse.
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Objective: To examine the association of the extent and timing of pregnancy weight

gain with infant birth weight (IBW) and maternai postpartum weight retention

(PPWR).

Design: Retrospective cohort study of pregnant women followed through 6 weeks

postpartum.

Measurements: Birth weight and maternai weight gain before 20 weeks, 21-30

weeks, 31 weeks to term and postpartum weight retention were measured.

Subjects: A total of 371 healthy white nonsmoking pregnant women followed by the

Prenatal Nutrition Counselling Program of the Department of Health and Social

Services of the province of Prince Edward Island, Canada, between 1979 and 1989

who had uncomplicated pregnancies resulting in full-term singleton infants.

Resu/ts: Weight gain during pregnancy (> 12 kg) was associated with PPWR

(> 2.5 kg) in underweight, normal, and overweight women. Pregnancy weight gain

explained 65.3% of the variability in PPWR, but very liule of the variability (4.7%)

in IBW. Predictors of IBW (gestational age, pregravid weight and infant gender)

were not related to PPWR. Early maternai weight gain (S20 weeks) was a strong

predictor of PPWR. Comparisons of mothers with PPWR above and below the

median of the group indicated important differences in early weight gain (S20

weeks) for underweight (3.3 kg), normal weight (3.3 kg), and overweight (6.2 kg)

mothers.

Conclusion: The results emphasize the importance of the timing of gestational

weight gain and show an advantage in deferring a larger portion of required weight

gain to late pregnancy (particularly in well-nourished overweight women) in order to

promote fetal growth while reducing the risk of high weight retention and its

potential adverse health consequences.
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Most research on weight gain during pregnancy has focused on the

influence of its total amount on fetal growth,l with considerably less attention

paid to the timing of weight gain or its effect on maternai postparlum weight

retention (PPWR). Although adequate weight gain is important to assure

optimal fetal growth, the negative health consequences of too high a total weight

gain during pregnancy include higher risk of pregnancy induced hypertension,

pre-eclampsia, and caesarean section.2
,3 It is also increasingly evident that

excessive total weight gain during pregnancy is strongly associated with maternai

weight retention at 6 months,4 one year,5 or at the start of a new pregnancy.6

Therefore, the suggestion has arisen that the benefits of enhanced fetal growth,

resulting from higher rates of weight gain during pregnancy should be balanced

against the risks of pregnancy complications and maternaI PPWR,7 which

consists primarily of fat tissue. 8 Such a balance couId be facilitated by paying a

closer attention to the timing of pregnancy weight gain in addition to its (otal

amount.

Maternai fat accretion,9 PPWR,4.6.IO and fetal growth,1 are influenced by

weight gain during pregnancy. The most recent National Academy of Sciences

recommendations define a desirable total weight gain range from 7-18 kg,

depending on maternai pregravid weight, with a primary objective of promoting

adequate fetal growth; II but no recommendations are given for the timing of

weight gain, nor any mention of the implication for PPWR. However, several

researchers have shown that weight gains in excess of 9-13 kg lead to a 3-6 kg

residua1 weight retention 6-9 months later,6,7,lo and women gaining 12.5 kg or

more during the first pregnancy are reported to be at least 2.5 kg heavier at the
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start of the next pregnancy after correcting for age and other covariates.6

National US collaborative studies using longitudinal data reported increases in

maternai weight of I.S-2 kg from one pregnancy to the next, and >3 kg from

the first to the third pregnancy among nonsmoking mothers. 12,13 A more recent

longitudinal study of 2,S47 US women showed that the risk of becoming

overweight was increased by 60-110% in women having live births during a 10

year study period. 14 Another recent longitudinal study of 2,788 US women

found primiparas gain 2-3 kg more weight during a S-year follow-up period than

nulliparas in both adjusted and unadjusted analyses. 15

The impact of pregnancy weight gain on maternaI weight retention is more

pronounced and direct than its impact on infant birth weight (IBW); in normal or

overweight women there is no evidence that maternai fat accretion benefits fetal

growth. 16
,17 ln the United States the ISth and 8Sth percentiles of weight gain for

women who delivered normal weight infants (3-4 kg) were 7.3 and 18.2 kg

respectively.18

The purpose of this study was to examine the timing of weight gain during

pregnancy and to establish the relative importance between the requirement for

adequate pregnancy weight gain to support fetal growth and the risk of

undesirable maternai PPWR. Allhough a few studies have focused on the effect

of temporal pattern of weight gain on fetal growth,19.21 none has examined its

implication for maternai PPWR. Since maternai tissue expansion precedes fetal

growth,22 we hypothesized that a weight gain pattern tracking that of fetal

growth would more directly promote fetal growth and would minimize maternai

PPWR. Il has been observed that towards the end of pregnancy there is a near

cessation of maternai fat deposition. 22,23 Since IBW is associated with weight

gain during the second and third trimesters,24,25 we speculated that early
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pregnancy weight gain «20 weeks) is more likely retained by the mother. This

paper describes the relationship between the extent and timing of pregnancy

weight gain, for nonsmoking mothers of different pregravid weights, with both

IBW and maternai PPWR.

Subiects and methods

Data for pregnant women followed by the Prenatal Nutrition Counselling

Program of the Department of Health & Social Services of Prince Edward

Island, Canada between 1979 and 1989 were abstracted for this study. This

program provides individual dietary counselling to pregnant women with Iimited

family income.26 The study sample (n=371) was a low income population wilh

31 % unmarried women, 71 % unemployed, and 77% with no post-secondary

education. Additional information about this population has been reported

previously.27

Subjects were drawn from an initial population consisting of 618 white

nonsmoking women giving birth to live singleton infants. Smokers were not

included because of previously reported differences in pregravid weight status,

weight gain and pregnancy outcome. 27 The following exclusions were made to

arrive at a study sample of 371 women: prematurity «37 weeks) n=37 (6%);

adolescents < 16 years because of continuing Iinear growth28 n=43 (7%);

women ~40 years because of increased obstetric risk29 n=12 (2%); maternaI

health problems n=22 (4%); women who consumed alcohol (> 1 drink/month)

n=24 (5%); reported users of iIIegal or narcotic drugs n=20 (4%); women with

pregnancy complications such as proteinuria, hypertension, diabetes n=52
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Prenatal information was recorded at regular visits throughout pregnancy

and pregravid weight was obtained From the family physicians' records.

Maternai pregravid weight was divided into two separate body weight

components; (a) standard weight for height and frame size using the

Metropolitan Life Insurance tables,3D and (b) excess pregravid weight which was

taken as the difference between aclual weight and standard weight. Pregravid

weight status was categorized into three groups as a percentage of standard

weight; underweight « 90%), normal (90-120%) and overweight (> 120%).

Women, wearing Iight clothing and no shoes, were weighed on a balance

scale by a dietitian at admission, at 20 and 30 weeks gestation, < 1 week prior

to delivery, and at 6 weeks postpartum. We chose 6 weeks postpartum because

excess fluids gained during pregnancy are lost by this time. 22,31 After 6 weeks,

further weight loss would primarily consist of fat and its rate would be

determined by maternai energy balance depending on dietary behaviour and

other Iife style factors. Frame size (small, medium, large) was determined by

measuring the wrist circumference and comparing it to established standards. 30

Total pregnancy weight gain was divided into three components: up to week 20,

week 21 to 30, and week 31 to term. Maternai weight retention was calculated

as the difference between weight at 6 weeks postpartum and pregravid weight.

Length of gestation was estimated from the date of the last menstrual

period obtained from physicians' records. Infant birth weight was categorized

into small (SGA), adequate (AGA), and large (LGA) for gestational age by

using the conventional eut-off points of IOlh and 90th percentiles of birth weight
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distribution data of Canadian infants,32 specifie for infant gender and gestational

age in weeks.

Pearson's correlation coefficients were used to analyze the relationship of

weight gain during different time periods to both PPWR and IBW. Multiple

regression analysis was used for studying predictors of both maternai PPWR and

IBW. Predictor variables were those found to correlate with either IBW or

maternaI PPWR. They included: pregnancy weight gains up to 20 weeks, 21-30

weeks, 31 weeks to term, pregravid standard weight, pregravid excess weight,

gestationallength, infant gender (male=1, female=O) and parity

(primiparous=O, multiparous= 1). Mean values of IBW and PPWR were plotted

at weight gain intervals of 4 kg spacing (~6, > 6::; 10, > 10~ 14, > 14~ 18,

> 18~22, >22~26, and >26 kg) in Figure I. A eut-off of 12 kg weight gain,

the mid-point of the group 10-14 kg was used to divide the slope of each curve

into two sections using separate regression analyses.

Logistic regression analysis was performed to predict the risks of SGA and

LGA births on the basis of maternaI weight variables and parity as described

above. Gestational length and infant gender were not included in the analysis

since they wr.re already taken into al,;:ount in categorizing IBW as SGA, AGA,

or LGA. A comparison of the weight gain for mothers having PPWR below and

above the median weight of the group, stratified by pregravid weight status was

done for each of the three time periods during pregnancy using t-tests. Finally,

analysis of variance and Sheffe's test were used to compare weight gains among

underweight, normal weight and overweight mothers for each of our three

designated lime periods by postpartum weight retenlion grouping. Statistical

analyses were done using SAS software package for Personal Computers Version

6.04, 1990 (SAS Institute Inc., Cary, North Carolina).
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The study sample consisted of 371 healthy nonsmoking white adult women,

delivered at term (~37 weeks). Approximately half (52 %) of the mothers were

primiparous and 25 % were pregnant for the second time. Maternai age

(mean ± SO) was 24.5±5.6 years and gestationallength was 39.7±1.2 weeks.

The average total pregravid weight of 62.8± 16.0 kg was cortlposed of a mean

standard weight of 57.9±4.3 kg and excess weight of 4.9± 14.1 kg. There was

a wide range of total pregnancy weight gains with the 15lh and 85th percentiles of

10.4 and 22.6 kg respectively, and a mean of 16.1 ±6.4 kg. PPWR ranged from

-8.2 to 27.7 kg with a mean of 5.3±5.7 kg. Approximately 75% of the women

retained > 2.5 kg postpartum.

ln order to explore the effects of pregnancy weight gain, graphs for

maternai weight retention at 6 weeks postpartum and infant birth weight adjusted

for gestational length and pregravid weight were plotted against total pregnancy

weight gain divided into 4 kg intervals (Figure 1). The curve for PPWR

indicates that a pregnancy weight gain of 12 kg was associated with a 2.5 kg

PPWR and corresponded to values commonly recommended for normal weight

women. Separate regression analyses for pregnancy weight gains S12 kg and

> 12 kg gave regression coefficient estimates ± standard errors of 0.58±0.13

and 0.77±0.04 kg/kg for PPWR respectively. This indicates that any additional

weight gain above 12 kg was to a large degree retained by the mother. At 12

kg, mean IBW was 3,500 g, and continued to rise to higher values as total

pregnancy weight gain increased, reaching an apex between 3,700 g and
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3.800 g. At a weight gain of 12 kg the risk of LGA was 5% and this incrc<lscd

to 14% at 20 kg.

Total pregnancy weight gain was much more strongly associated with

PPWR than IBW. Data shown in Table 1 indicate that total prcgnancy wcight

gain explained 65.2% of the variability in PPWR. and 4.7% of the variability in

IBW. The importance of the timing of pregnancy weight gain is also shown in

this table. Weight gain during the first 20 weeks of gestation had the strongest

correlation with PPWR (r=0.68) compared to weight gain later in pregnancy

(r=OAI). whereas weight gain at any of these time periods had a weak

correlation with IBW (r=O.11 to r=0.16). Maternai PPWR and IBW were not

correlated.

The relative contribution of weight gain during different stages of

pregnancy to both PPWR and IBW are quantified in the two multiple regression

models (Table Il). In addition to the weight gain components. pregravid

weights. parity. gestational age and infant gender were included in the models.

Maternai age was not included as it was correlated with parity and did not show

an independent association with either outcome variable. For PPWR. the

regression coefficients indicated that 86% of initial weight gain increments ($20

weeks) was retained by the mother as compared to 68 % from weeks 21-30 and

49% after 30 weeks. indicating that the earlier the weight gain the greater the

PPWR. None of the other variables (pregravid weight. parity. gestational age or

infant gender) had any effect on PPWR. In contrast, weight gain from weeks 21

to 30 had the greatest contribution to IBW with an average 31 g increase in IBW

for every additional kg gained in this period. However. the final weight gain

from week 31 to term. had the smallest coefficient which is likely due to

multicollinearity between the final weight gain and gestational length, a
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consistently strong predictor of IBW. Other predictors of IBW included; parity,

gestational length, infant gender, standard pregravid weight for height and

excess weight at conception. With the addition of these other predictors, 30.2 %

of the variability in IBW was explained as compared to 4.7% for the pregnancy

weight gain alone. Thus in contrast to maternai weight retention, infant birth

weight was explained in a very small part by pregnancy weight gain in healthy

nonsmoking women.

Results of logistic regression analysis for the risk of SGA and LGA infants

are given in Table III. These results show the effect of maternaI weight gain

components at different stages in pregnancy, on the two tails of IBW

distribution. According to Table III, only weight gain during the second half of

pregnancy predicted SGA, while LGA was associated with weight gain up to 30

weeks.

The importance of weight gain pattern in influencing PPWR was further

explored by comparing patterns of pregnancy weight gain between mothers

retaining weight below and above the median value for the group. The analysis

was Iimited to AGA infants and stratified by maternaI pregravid weight status in

order to characterize an appropriate weight gain pattern for each subgroup of

mothers; overweight, normal weight and underweight (Table IV). Among

mothers retaining ~ median weight, total pregnancy weight gain was

significantly greater than in those retaining < median weight by 9.5 kg in

overweight, 7.0 kg in normal weight and 6.3 kg in underweight subjects. The

major portion of this difference in weight gain occurred during the first 20

weeks of gestation. On average, higher weight retainers gained more than low

weight retainers during this period; the difference was 6.2 kg in overweight and

3.3 kg in normal and underweight subjects. Differences between the groups for
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weight gain later in pregnancy were smaller. Of note, comparisons of weight

gains among underweight, normal and overweight subjects during the same

weeks of pregnancy and for the same PPWR group indicated that the only

statistical difference was within the lower PPWR group where overweight

women gained 1.4 kg at :>20 weeks versus weight gains of 3.8 in normal and

underweight women during this same period. The total weight gains during

pregnancy for those with PPWR < median averaged at 13.3 kg, 13.2 kg and

9.6 kg for underweight, normal weight and overweight women respectively. In

contrast, total weight gains during pregnancy in those having PPWR ~ median

averaged at 19.6, 20.2 and 19.1 kg for comparable weight status, respectively.

Discussion

This is the first study to evaluate patterns of weight gain during pregnancy

in order to assess whether the timing of weight gain could present an effective

means of balancing the needs for promoting fetal growth while minimizing
,

maternaI PPWR. Other studies have shown that total weight gain during

pregnancy is the main predictor of PPWR.4
-
6

,10 High weight gains in heavy

mothers have also been shown to increase the risk of preterm low birth weight. 33
•

Our results extend llrevious findings by showing the importance of timing of

weight gain. We demonstrate that (a) maternai weight gain during the first 20

weeks of pregnancy was strongly associated with maternai PPWR; (b) women

with high PPWR (> median) had significantly higher weight gains before week

20 regardless of their weight status; and (c) the risk of SGA was predicted by

maternai weight gain only during the second half of pregnancy, whereas the risk

of LGA was predicted by weight gain throughout pregnancy, indicating that the

effect of early weight gain on increasing mean IBW was primarily through an
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increase in the proportion of LGA infants rather than a decrease in the

proportion of SGA infants. These findings support our hypothesis that fetal

growth requirements before week 20 are minimal, and any weight in surplus of

what is needed to support pregnancy will be accumulated as long-term fat

reserves.

Overweight mothers experiencing higher weight retention started their

pregnancy with higher early rate of weight gain, reducing this rate near term,

whereas those with lower weight retention had minimal weight gains during the

first 20 weeks. Pregravid weight and excess weight at conception were not

associated with PPWR and 75 %of normal weight women had PPWR above 2.5

kg. Moreover, since weight gain during pregnancy is strongly associated with

weight retention at 6 months,4one year,s or at the start of a new pregnancy,6 it

is likely that those who gain extra weight, regardless of weight status, will not

lose the extra weight after pregnancy.IS Furthermore, the need for extra weight

gain during pregnancy to support lactation is controversial,s,34.38 as the overall

effect of breast feeding on subsequent weight loss is small.4,39 Therefore the

results from the present study indicate that for a given recommended weight

gain, it might be advantageous for the well-nourished normal and particularly

overweight mothers to attain a larger weight gain portion during the second half

of pregnancy. In contrast, the first half of pregnancy of underweight women,

wouId offer an opportunity to increase their weight to a more desirable value.

Since maternai weight gain is a well-known predictor of IBW, 1 there is

always a concern that restriction in maternaI weight gain to reduce PPWR may

increase the risk of fetal growth retardation. In fact the 1990 report of the

National Academy of Sciences recommended an additional 5-10 lb (2.3-4.5 kg)

weight increase fOl Ilregnant women in order to avoid SGA and produce heavier



• .. manuscript c .. 120

•

•

babies. 11 No mention was made as to the appropriate timing for this weight

gain. Data from our multivariate analysis support the observation that the

strongest relationship of maternai weight ;jain to predicting IBW while

controlling for other established predictors occurred for weeks 21-30. Others

have shown that low maternai weight gain (< 1.4 kg) between 28-32 weeks in

normal healthy women is a predictor of SGA.24 Scholl et al found that among

pregnant adolescents, 25 % of whom were underweight and 33 % who were

smoking, that low weight gains « th percentile) as early as 16-20 weeks

gestation were associated with an elevated risk of low birth weight. 21 ln this

same study, however, maternai weight gain (> 75th percentile) during this same

period predicted macrosomia, even among the same high risk population.

Another study has suggested that weight gains before 20 weeks were positively

associated with IBW and maternai fat deposition in high risk women from

deve10ping countries;40 however, data for developing countries are not

comparable to our data, where weight at conception is much higher. In our

study, which was restricted to healthy nonsmoking adult women, pregnancy

weight gain before 20 weeks was weakly associated with IBW in a multiple

regression analysis, and not associated with SGA risk, but significantly

associated with LGA risk indicating that the prediction lay with the higher birth

weights. The lack of any association of weight gain in the last period of

pregnancy (> 30 weeks) with IBW could be explained by the strong association

of weight gain to gestational length, which was controlled as a covariate in this

analysis. Because our data and others show that maternai weight gain from 21

to 30 weeks promotes increased IBW,24 and that earlier weight gains «20

weeks) are potentially important for the fetus mostly in high risk seltings, it

would seem advantageous to shift more of the required total weight gains

towards the second half in pregnancy in order to minimize PPWR and its

negative health consequences for the well-nourished mothers. This timing would
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be associated with minimal negative consequences for fetal growth and

development, where a larger portion of weight gain during the second half

would be retained by the developing fetus.

121

•

•

Our results conform with current recommendations by the National

Academy of Sciences for a total weight gain during pregnancy of 11.5-16.0 kg

for normal weight mothers. Our data indicated that our pregnant women with

the PPWR < median had an average weight gain, depending on prenatal weight

status, between 9.6 kg and 13.3 kg. For normal weight mothers, the National

Academy of Sciences has recommended a minimum weight gain of 11.5 kg,

which corresponds in our study to a mean IBW of 3,500 g and PPWR of 2-3 kg,

a value sorne authors suggest may meet lactational requirements.34.39 Our data

on the distribution of the weight gains during pregnancy demonstrate that weight

gains of approximately 3-4 kg from weeks 0-20, and 4-5 kg for weeks 21-30,

and >30 weeks are reasonable for average healthy nonsmoking adult women, to

ensure recommended total pregnancy weight gains, without increasing the risk of

undesirably high PPWR. For overweight women giving birth to AGA infants, a

mean weight gain of 9-10 kg, with only a small portion gained in the first half,

was associated with no maternai PPWR. Weight gains above this amount led to

unnecessary PPWR. These values fall in the middle of recommended weight

gain range (7-11 kg) for overweight women. In order to minimize PPWR in the

overweight, our data show that the rate of weight gain for the first half of

pregnancy should be carefully monitored.

ln an effort to monitor weight gain, it is important for health professionals

not to restrict diet in pregnancy below what is needed for optimal fetal growth.

A weil balanced diet is important to ail women and should never be overlooked

to arrive at a specifie weight gain. Boberg and colleagues,41 in the only
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was associated with no maternai PPWR. Weight gains above this amountled to

unnecessary PPWR. These values fall in the middle of recommended weight

gain range (7-11 kg) for overweight women. In order to minimize PPWR in the

overweight, our data show that the rate of weight gain for the first half of

pregnancy should be carefully monitored.

In an effort to monitor weight gain, it is important for health professionals

not to restrict diet in pregnancy below what is needed for optimal fetal growth.
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to arrive at a specifie weight gain. Boberg and colleagues,41 in the only
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intervention study of obese pregnant women, instructed them to eat a weil

balanced 1,800-2,000 kcal diet which resulted in a 6.2 kg average weight gain

from 16 weeks to term with no evidence of ketonuria or low birth weight.

Similarly, in those with diabetes, intakes below this level have been successfully

USCd. 42,43 Normal weight women should eat a balanced diet to ensure weight

gains of approximately 11.5-16 kg.

ln summary, our results emphasize the importance of the timing of

pregnancy weight gain and indicate that proper weight gain management can

promote the long term health of women by reducing maternai weight retention

while at the same time promoting fetal growth. Because obesity is a major

public health problem,44 and excessive weight gained earlier in pregnancy may

lead to high PPWR and adiposity,lS preventive measures are required. Our

study shows that (a) attention to early weight gains during pregnancy,

particularly in the overweight women, is required and (b) that excessive total

pregnancy weight gains be avoided in normal and overweight women. We

caution that our results apply to healthy mothers and are not applicable to

smokers or those with other medical risks.
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Table 1: Pearson's correlation coefficient (R) and detennination coefficient

(R-square) of maternai weight gain with postpartum weight retention

and infant birth weight (n=371).

1 Correlation significance; * p<0.05, ** p<O.OI, *** p<O.OOOl.

2 MaternaI PPWR and IBW were not correlated. with or without controlling for

other predictors.

•

•

Pregnancy Weight gain

Total amount

- Up to week 20

- Weeks 21-30

- Week 31-term

Maternai postpartum Infant birt~ weight 2

weight retention 2

R R-square pl R R-square pl

0.808 65.3% *** 0.216 4.7% ***

0.682 46.5% *** 0.114 1.3% *

0.411 16.9% *** 0.157 2.5% **

0.414 17.1 % *** 0.160 2.6% **
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Table Il: Regression model of postpartum weight retention and infant birth

weight (g) predicted by partial pregnancy weight gains and other

determinants (n=371).4

124

Maternai postpartum Infant birth

weight retention (kg) weight (g)

13 ± SE 1 13 ± SE 1
2

Y-intercept -2.39±7.1O NS -4207±701 ***

WG (kg) up to week 20 0.86±0.05 *** 22±6 **

WG (kg) weeks 21-30 0.68±0.07 *** 31±7 ***

WG (kg) week 31-term 0.49±0.07 *** 12±6 *

Standard pregravid weight 3(kg) -0.03±0.06 NS IH6 **

• Excess weight at conception 3(kg) -0.01±0.02 NS 8±2 ***

Parity (single=O, multiple= 1) 0.33±0.47 NS 130±48 **

Gestational age (weeks) -0.01±0.18 NS 16H16 ***

Infant gender (f=O, m= 1) 0.14±0.43 NS 106±45 *

R-square 68.4% 30.2%

•

1 13: Estimated regression coefficient and standard error.
2 Significance of the regression coefficient, * p<0.05, ** p<O.OI, *** p<O.OOOI,

NS not significanl.
3 Standard pregravid weight is estimated from the 1983 Metropolitan Insurance Life

Tables for a given height and frame size

4 When the oulliers (> 3 standard deviations from the mean for IBW, maternai

excess weight at conception, or pregnancy weight gain) were removed from the

analysis (n=42), no substantial changes in the resuhs were obtained.
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Table III: Logistic regression model of SGA and LGA infants predicted by

partial pregnancy weight gains and other deterDÛnants (n=371).

125

Small for gestational Large for gestational

age infants (SGA) age infants (LGA)

13 ± SE 1
2 13 ± SE 1

2

Y-intercept 6.55± 1.82 ** -7.40± 1.87 ***

WG (kg) up to week 20 -0.07±0.04 NS 0.16±0.03 ***

WG (kg) weeks 21-30 -O. 16±0.04 ** O.I5±O.04 **

WG (kg) week 31-term -O. 12±0.04 ** O.O2±O.04 NS

Standard pregravid weight 3(kg) -O. 13±0.03 *** 0.O6±O.03 *

Excess weight at conception 3(kg) -0.04±0.02 * 0.03±O.01 **

• Parity (single=O, multiple= 1) -0.01±0.25 NS 0.45±O.28 NS

1 13: Estimated regression coefficient and standard error.
2 Significance of the regression coefficient: * p<0.05, ** p<O.OI, *** p<O.OOOI,

NS not significan!.
3 Standard pregravid weight is estimated from the 1983 Metropolitan Insurance Lire

Tables for a given height and frame size

•



• .. munuJcript c .. 126

Table IV: Pregnancy weight gain patterns (mean ± SD in kg) among mothers of

AGA infants stratified by PPWR and pregravid weight category.

PPWR<media" PPWIRmedia" Difference 1

Normal weighl (90-120% of standard pregravid weight for height>

n =85 n =89

PPWR (median =5.7 kg) 2.2±2.3 9.9±4.3 7.7 ***

Total weight gain (kg) 13.2±3.4 20.2±4.9 7.0 ***

WG (kg) up to week 20 3.8±2.3" 7.1±3.3 3.3 ***

WG (kg) weeks 21-30 5.3±2.0 6.8±2.3 1.5 **

WG (kg) week 31-term 4.1 ±2.3 6.2±2.8 2.1 **

Underweight « 90% of standard pregravid weight for height>

n =24 n =25• PPWR (median =6.2kg) 2.7±2.5 9.2±2.7 6.5 ***

Total weight gain (kg) 13.3±3.8 19.6±4.6 6.3 ***

WG (kg) up to week 20 3.8± l.S 1 7.1±2.6 3.3 ***

WG (kg) weeks 21-30 5.4±2.0 6.4±1.6 1.0 *

WG (kg) week 31-term 4.1 ±2.4 6.1±2.1 2.0 **

Overweight (> 120% of standard pregravid wejght for height>

n =34 n =40

PPWR (median =3.1 kg) -0.9±2.6 9.1±5.2 10.0 ***

Total weight gain (kg) 9.6±2.8 19.1±7.0 9.5 ***

WG (kg) up to week 20 b 7.6±5.2 6.2 ***1.4±2.8

WG (kg) weeks 21-30 4.5±2.6 6.2±3.5 1.7 *

WG (kg) week 31-term 3.7±2.3 5.3±2.7 1.6 *

•
T-test of significant difference between the means of two PPWR groups;
* p < 0.05, ** p < 0.01, *** p <0.0001. Scheffe's multiple comparison test of
significant difference between the means in different weight status groups is
indicated by different (etter superscripts.
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The results of Manuscript C support the hypothesis that among healthy

nonsmoking women, management of the pattern of weight gain during

pregnancy, can contribute to optimizing the requirements for promoting fetal

growth and Iimiting postpartum weight retention. The results show that

gestational weight gain was the main predictor of postpartum weight retention

explaining a major portion of its variability. This relationship was more

pronounced above 12 kg of weight gain, indicating a large portion (77%) of

weight gain increment was retained by the mother at the higher range of weight

gain among ail weight status groups combined. Postpartum weight retention was

more strongly associated with weight gained in the first half of pregnancy, than

that gained in the second half; the opposite was found for infant birth weight or

the risk of SGA. These results indicate the need to shift more of the weight gain

to the second half of pregnancy particularly in overweight women, if excessive

postpartum weight retention is to be avoided.
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5. CONCLUSIONS AND SUMMARY OF FINDINGS

This research was motivated by the need to better understand how maternaI

factors during pregnancy interrelate in their contribution to both neonatal

outcome in terms of infant size at birth, and maternaI outcome in terms of

postpartum weight retention. The research was guided by an analylical

framework that explored the interrelations among major modifiable determinants

of pregnancy outcome. These include energy intake, maternai smoking,

pregravid weight status and gestational weight gain, ail of which have been

mostly studied in isolation of each other in the literature. In this thesis, the

importance of the timing of weight gain was explored by studying the relative

contribution cf weight gain at different gestational stages to both infant birth

weight anâ maternai p:>stpartum weight retention, at the same lime.

Many prenatal care programs have given a higher priority to dietary intake

and total weight gain in pregnant women with less attention to their smoking

behaviour. The particular emphasis on increased dietary intake is based on

historical evidence linking infant birth weight to maternai energy intake during

pregnancy. Such evidence includes the Dutch Famine (Slein tl al 1975], and trends

of increased infant birth weight and maternai weight gain accompanying advice

for more liberal dietary intake since the 1970's !lOM 1990, Abrams 1994]. Some

studies suggested thatthe negalive effect of smoking on retarding fetal growth,

could be compensated by increasing energy intake (Garn tl al 1979, Rush tI al 1980.

Papoz tl al 1982. Meteoff tl al 1985]. Unfortunately, programs focusing primarily on

increasing energy intake in developed countries have achieved relatively small

increases in infant birth weight, and such increases were observed only among
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heavy smokers (Rush 1980•• Meteoff,' 0/1985) and/or under-nourished mothers

(Susser 19911.

Although both maternai dietary intake and weight gain were positively

associated with infant birth weight in the present study population, the findings

of this research did not support the hypothesis that increased dietary intake co,.!d

sufficiently mitigate smoking effects on fetal growth. Despite recciving similar

dietary advice, smoking mothers consumed more dietary energy tban their

nonsmoking counterparts, yet they were thinner at conception, gained less

weight during pregnancy, and had smaller infants at birth (weight, length and

head circumference). The more cigarettes a mother smoked daily, the higher

was her energy intake, and the lower were her pregnancy weight gain and infant

birth weight. These results imply that sorne aspect of smoking uses up energy

that is not directed towards weight gain and fetal growth. Furthermore,

cigarette smoking seems to mask the relationship between energy intake and

weight gain during pregnancy, as such relationship was found significant in this

research only among nonsmokers but not among smokers. This finding

remained the same, even after controlling for the Ievel of cigarette smoking.

It is likely that smoking introduces a large variability, not only in metabolic

energy expenditure, but also in other unmeasured physiological and/or

behavioural factors related to fetal growth. However, given the number of

variables controlled in this research, potential confounding by other unmeasured

variabl~~ is expected to be small.

In theory, an excess of dietary energy intake among smokers leading to a

higher pregnancy weight gain could increase birth weight and lower the risk of

SGA infants. Results of this research indicate that even if smokers increased

their intake so as to match nonsmokers in their weight gain, only a marginal but

significant increase in birth weight or decrease in SGA risk could be achieved by
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removing the indirect effect of smoking. To compensate for the direct effect of

smoking on birth weight, however, impractically large increments in dietary

intake would be required. Normal-weight smoking mothers who had comparable

infant birth weight (3,500 g) to that of nonsmokers, gained an average of

-20 kg during pregnancy as compared to -12 kg gained by their nonsmoking

counterparts. Such a large excess in weight gain would inevitably expose

overweight as weil as normal-weight mothers to the risk of postpartum obe:;ity.

Among underweight smoking mothers, however, the risk of SGA remained high

(> 10%) even with excessive weight gains (>20 kg). Thus the underweight

smoker is of particular concern, because of the very high risk of SGA despite

high weight gain. In populations where smoking is still widely prevalent,

focusing on diet and weight gain will be a necessary but insufficient measure for

promoting fetal growth. The importance of smoking cessation is further

emphasized by recent reports that smoking increases neol1atal mortality

independent of its effect on reducing birth weight [Wilcox 1993).

At the population level, an assessment of the relative contribution of three

major modifiable risk factors (smoking, pregravid underweight and low

gestational weight gain) to the risk of SGA is essential for establishing prenatal

program priorities [Wcn & Krarncr 19951. On the basis of current prevalence of these

three risk factors in the Canadian and US populations, this research calculated

that 31 % of SGA births were attributed to smoking; approximately twice that

attributed to either pregravid underweight or low gestational weight gain. The

31 %etiologic fraction of SGA infants is attributed to the direct effect of

smoking on retarding fetal growth not mediated by maternai weight variables

which were controlled in the multivariate analysis. This further emphasizes the

need for giving a higher priority to smoking cessation in prenatal care,

especially in view of previous reports that women .~uitting smoking before or
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early in pregnancy have comparable birth outcome to nonsmokers (MacArthur &.

Knox t988. Mainous &. Hucslon 1994).

The results in this research were obtained from multivariate analysis of

data on a single socio-demographically homogeneous Canadian population

receiving the same dietary counselling during pregnancy. Therefore, these

results can be more meaningful in comparing the relative importance of each risk

factor than those previously obtained for individual risk factors from studies of

different populations with disparate characteristics by using different

methodologies [Kramcr 1987].

Smokers and nonsmokers in the studied population differed in certain

relationships between predictors and birth outcome. The effect of maternai

weight gain on infant length was larger among smokers than nonsmokers for

similar maternai weight status. Among overweight nonsmoking mothers, infant

birth weight reached a plateau with increasing maternai weight gain, but it

continued to increase in overweight smokers. Such differences in pregnllncy

performance between smokers and nonsmokers are not taken into account by

current recommendations for gestational weigilt gain (I0M t9901. which are based

upon studies of mixed populations of smokers and nonsmokers. This research

indicated a need for further refinement to tailor the weight gain

recommendations to specific pregnancy requirements of healthy nonsmoking

groups of mothers, once prenatal smoking cessati~n programs are effectively

implemented.

Unfortunately, cessation of smoking is often accompanied by increased

weight in general which may have been a major deterrent to quitting. and a

strong motivation for relapse (Gordon.' a/1975, Morfat &. OWCILl 1991, William.on ., a/1991.

Pcrki.. 1993). Smoking cessation during pregnancy has been reported to increase
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postpartum weight retention through increased gestational weight gain (Ohlin &

Rô.,ncr 1990). This is consistent with the findings of this research that a major

portion of the variability in postpartum weight retention was due to gestational

weight gain which was higher among nonsmokers. In order to encourage

smoking cessation, measures such as the management of the timing of

gestational weight gain may be useful for allowing a restriction of the total

amount of weight gain without jeopardizing fetal growth. In this respect, it is

important to explore the relative contribution of the weight gaiued during

different gestational stages to maternai and neonatal outcomes of pregnancy in

nonsmokers, and in those who quit smoking. Thus an opportunity may exist for

defining appropriate patterns of weight gain during prcgnancy to allow an

optimum balance in terms of reducing both risks of SGA births and maternai

postpartum overweight. In doing 50, however, the need for adequate dietary

quality throughout pregnancy should not be ignored. In the population studied,

dietary quality was not of a major concern since the women were counselled for

a balanced diet and were provided with necessary vitamin and minerai

supplements.

In exploring the pattern of gestational weight gain, this research found that

weight gain during the first half of pregnancy had a stronger association with

maternaI postpartum weight retention and weaker association with infant birth

weight and the risk of SGA than during the second half of pregnancy. It was

also found that among mothers of AGA infants, those with higher postpartum

weight retention (> median for specifie weight status group) gained a larger

portion of their total weight gain in the first half of pregnancy, than those with

lower postpartum weight retention. This difference was more pronounced

among overweight women. These findings are congruent with previous studies

on well-nourished mothers, indicating that most of maternai fat is gained early

in pregnancy IClapp li a/19881 and such fat gain does not correlate with birth
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weight [Langhoff·Roos tI al 1987a, Villar'l al 19921. In under-nourished mothers.

however. fat gained during pregnancy has been reporled to correlate with birth

weight (Viegas tI al 19871. indicating a need to accumulate fat throughout the entire

gestation, to replenish their reserves. This may also be the case for underweight

women in North America since they are at elevated risk of having SGA infants

and need to gain more weight than normal women, as confirmed by this

research. In contrast to the overweight women, postpartum weight retention for

underweight women is not a major concern. and steady rate of weight gain

throughout the entire gestation seems desirable. Such women require higher

rates of early weight gain than their normal and over-weight counterparts in

order to restore their own weight deficit before demands for fetal growth begin

to accelerate during the second half of their gestation.

The research results of this thesis. suggest that postpartum weight retention

could be minimized, e.g. among overweight women, by deferring a larger

portion of the required weight gain to later pregnancy. Overweight women who

gain weight during non-pregnancy conditions, e.g. with overfeeding, are known

to accumulate higher proportion of fat than normal-wcight women (Porhe••1al

1986, Websler'l al 19841, and this situation could be similar to early pregnancy

where most of the growth is in maternai tissues. Therefore, limitation of early

gestational weight gain in overweight women could avoid unnecessary build up

of extra fat. Moritoring the pattern of weight gain during pregnancy is also

important for smokers who quit. because they are Iikely to increase their weight

gain after they stop smoking.

Another determinant recently reported to influence postpartum weight

retention is parity. as primiparas have been found to retain 2-3 kg more weight

postpartum than multiparas during a 5-year follow-up period (Smith tI al 1994).

This is consistent with the results of this thesis in the sense that primiparas had
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higher gestational weight gain (by 2.2 kg) than multiparas, and that such weight

gain was the main determinant of postpartum weight retention. This thesis,

however. showed that after controlling for gestational weight gain, parity did not

have an independent effect on maternai weight retention 6 weeks postpartum.

Thus the reported effect of parity on postpartum weight retention seems to be

mediated by gestational weight gain. The combination of findings from the

literature and from this research, points to the need for giving a special attention

to primiparous women who tend to have higher gestational weight gain bilt

smaller infants. More research is needed to study the implications of weight

gain and its pattern among primiparous mothers to maternaI and neonatal

outcomes of pregnancy.

ln summary, this thesis presents new results that emphasize the importance

of both the timing of weight gain and smoking cessation during pregnancy, to

achieve a proper balance between promoting the long-term health of mothers by

reducing maternai weight retention, and for their offspring by optimizing fetal

growth .
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